
Lecture 23: C++ part VIII

Suggested Literature



More IO (including FILES)



C++ offers streams 
for strings (C++20 
offers std::format)

Works like any 
other stream, but it 
does not output to 

terminal/file
(can work as buffer)

C++  IO



How to read from the 
terminal (and files)?

Invert from << & cout 
(output) to >> & cin 

(input)

C++  IO



How to write to files?
C++  IO

streams: users only need to 
replace std::cout with 

std::fstream
Remember that streams are 

compatible with 
fmt::format



How to read from the 
terminal (and files)?

Invert from << 
(output) to >> (input)

Don’t forget the 
ios::in flag

C++  IO



C++ offers streams for 
strings (C++20 offers 

std::format)
We can use C++ 

std::stringstream to 
read entire file on 

RAM buffer

C++  IO



ENUM CLASSES



C++  Enum Classes

enum class solves the main 
problem of enumerators in C.

Variables inside C enumerators 
are global. Big problem: you 

can’t have two enumerators with 
variables that share the same 

name



C++  Classes Part I



C++  Classes

C++ Class v0.1        
public: / private: 

access control

C-Style classes are only 
possible if all variables 
are set to public access

In C++, the default for 
class is private access



C++  Classes
C++ Class v0.2 

Constructors 

Tells the compiler how 
an instance of the class 
should be constructed

E.g., given our explicit 
constructor, Human 
instances cannot be 
created without a 

defined name

Constructor has the 
same name of the class



C++  Classes
C++ Class v0.3

We can have multiple 
constructors in C++.

Use a new constructor 
to convert from 
std::string to 

std::list<string> w/ code 
from the previous lecture.

this-> is optional (but 
should always include it)



C++  Classes
C++ Class v0.3

We can have multiple constructors in C++, but more 
is not always better (choose the easier API)



C++  
Classes

C++ Class v0.4

Choose the 
easier API 

when designing 
constructors 



C++  Classes

C++ Class v0.5

In this example, coding 
multiple constructors 
was not really needed

Use default arguments 
instead



C++  Classes
C++ Class v0.6

C++ class allows the 
definition of member 

functions
public: / private: access 

makes more sense. Private 
variables can only be 
accessed via member 

functions



C++  Classes

C++ Class v0.7

Better to strictly 
control access to 

member variables (via 
member functions)

Also, it is better for 
readability to declare 
member functions 
inside the C++ class



C++  Classes
C++ Class v0.8

Getting closer to the 
v1.0 release of the 

Human class!

Functions that do not 
change member 

variables should have 
the keyword const 
(const correctness)



C++  Classes

C++ Class v0.8

Note that for member function 
bodies outside the class, the 

Human:: keyword must 
precede the function name

Member functions don’t exist 
in isolation. They are 

intrinsically tied to the class



C++  Classes
C++ Class v0.8

One advantage of get/set 
type of member functions is 
they provide opportunities 
for the developer to include 

extra checks

Function overloading via 
the number (and/or type) of 

arguments works for 
member functions as well 



C++  Classes
C++ Class v0.8

Const correctness. 

const copies and const 
references to Human class 
can only access functions 

that have the const 
keyword in their 

declaration (except 
constructor, of course)



C++  Classes
C++ Class v0.8 - Const correctness.

https://stackoverflow.com/a/15999170/2472169



C++  Classes

C++ Class v0.8

Const Correctness. 
const copies and const 

references to Human class 
can only access functions 
that have keyword const 

(except constructor)
Const member functions can 
still affect mutable variables

https://stackoverflow.com/q/105014/2472169
https://stackoverflow.com/q/105014/2472169
https://stackoverflow.com/q/105014/2472169
https://stackoverflow.com/q/105014/2472169


C++  Classes
Const mem functions can still change mutables

https://stackoverflow.com/q/105014/2472169
https://stackoverflow.com/q/105014/2472169


C++  Classes



Static Functions
Static Functions belong to 

the class itself, not to a 
particular object. Static 
func can’t access this

E.g., can create a Factory 
function that makes sure 

that Mom's age is >0  
(with the use of C++26 

std::expected)

::create not 
associated with  a 

class instance



Class Inheritance
Classes can have parents, 
grandparents, and so on...

Public inheritance: the child 
class cannot access private 
member functions of the 
parent class. E.g., int x_

One child class can have 
multiple parents



Class Inheritance
Child and parent 
classes can have 

member functions with 
the same name and arg. 
types (no overloading).

Access to the parent’s 
version happens via 

casting



Class 
Inheritance

If member 
functions have 

different names, 
then no explicit 

casting is needed



Class Inheritance
One child class can have 

multiple parents
Again, if member 

functions have different 
names, then no explicit 

casting is needed
All private variables are 

independent



Class Inheritance
Constructors (non-default)
What happens if the user 

defines a non-default 
constructor (constructor w/ 

no args/parameters)?

Remember that if the user 
defines a constructor that 
requires an argument, the 
default constructor is not 

accessible (unless explicitly 
coded)



1. Create a base class Vehicle with a move() function. Create Car and Bike 
derived classes. Implement move() differently in each derived class (but not 
virtual – next class topic). Call the move() function directly from objects 
(not pointers)

2. Create a base class Account with deposit() and balance member. Derive 
SavingsAccount and CheckingAccount, each with their own deposit() 
method (non-virtual). Call deposit() from both types and observe function 
resolution.

3. Define a class Printer with multiple print() overloads. One takes int, one 
takes std::string. Create objects and call different print() overloads.

Homework I



1. Initializer list is a type of construction that allows users to construct an 
object using curly brackets {} — research about initializer lists 
(constructor). Create a Book class with title, author, and year. Use a 
constructor initializer list. Add a display() function. Create a few 
Book objects in main().

Homework II



Homework III
Create a class DataSet with a private vector<double>. Add a member 
function apply(auto fn) const that takes any lambda and transforms the 
data. Test the function with two different lambdas. 
a) one that squares each element
b) one that normalizes the data, i.e., it produces a new vector where every 

element is divided by the maximum value.
Hints:
• Apply uses auto for the lambda parameter. This makes it a template member 

function. The compiler deduces the lambda type.

• Inside Apply, pipe the data through std::views::transform and 
std::ranges::to 

• For normalization, you'll need std::ranges::max to find the max value, then 
divide each element by it.

• Apply returns a new vector, so it doesn't modify the internal data. 



Homework IV
Create a class Counter with a private int count_ and mutable int count2_. 
Write increment() (not const), get_count() const (increments count2 each time 
it's called), and get_access_count() const. In main(), create both a Counter x 
and a const Counter y. Show which member functions work on each and 
explain why. Then write a function void print_counter(const Counter& c), 
what can it call?
Hints:
• A const object can only call member functions marked const. 
• mutable is the escape hatch: it lets a const member function modify specific 

variables. Use it for bookkeeping that doesn't change the "logical" state of the.
• void print_counter(const Counter& x) receives a const reference. Inside that 

function, x behaves exactly like a const object.
• Think about what the compiler does behind the scenes: get_count() const means 

the hidden this pointer is const Counter*, so you can't modify count_ through 
it. But mutable members are exempt.

• Use the constructor's initializer list to set both count_ and count2_ to 0.



Homework V
Create a class Base with private int x_ = 10 and a public print() const. Create 
Derived : public Base with its own private int x_ = 20 and its own print() 
const. In main, create a Derived d. Call d.print(), which x_ does it use? Then 
cast to Base& and call print() again, which x_ now? Add a print_both() const 
to Derived that prints both its own x_ and Base's x_.
Hints:
• Derived doesn't replace Base's x_; it shadows it. Both x_ variables exist 

inside the Derived object. this->x_ refers to whichever x_ is closest in scope.
• When you cast to Base&, the compiler forgets about Derived and calls Base's 

print(), which sees Base's x_. 
• You can't access Base's private x_ from Derived directly; that's what private 

means. The solution: add a public getter in Base like get_x() const. Then 
Derived can call Base::get_x() to read the parent's value.

• static_cast<Base&>(d) creates a reference to the Base part of d; no copy!. 
But static_cast<Base>(d) would copy only the Base part (this is known as 
object slicing).



Homework VI
Create a class Builder with a private std::vector<std::string> parts_. 
Add add(std::string) that returns Builder&, so calls can be chained: 
x.add("x").add("y").add("z"). Add build() const that joins all parts 
with " ” (space). Then create a second version add_broken(std::string) 
that returns Builder by value instead of by reference. In main(), chain 
add_broken calls and show that it doesn't work. Why doesn’t it work?

Hints:

• return *this returns the current object. 

• build() const is a good place to use fmt::join(parts_, " ").

• The broken version is a great way to understand the difference between 
value and reference semantics. 

• Think about it: b.add("x") returns b itself. b.add_broken("x") returns 
a stranger that looks like b. Elaborate on that using more technical 
wording



Homework VII - Static Members and Scope (hard)
Create a class UniqueID with a static int next_id_ and a non-static const int id_ (research 
about static members inside a class). The constructor assigns next_id_ to id_ and 
increments next_id_. Since id_ is const, it can only be set in the member initializer list, 
never reassigned. Add a static int get_next_id() (research about static functions inside a 
class). Note that static member functions have NO this pointer, so they cannot access non-
static members. Add get_id() const. In main(), create several objects and show that each 
gets a unique ID. Then create objects inside a loop and show the IDs keep incrementing. 
Try calling get_next_id() without creating any object to show it works on the class itself.

Hints:
• static members belong to the class, not to any instance. next_id_ is shared, i.e., there's 

only one copy, no matter how many objects exist.
•  const int id_ means once set, it never changes. The only place to set it is the member 

class initializer list.
• static member functions can be called on the class directly: UniqueID::get_next_id(). 

They don't receive this, so they can only access other static members.
• The static member must be defined outside the class: int UniqueID::next_id_ = 1;. 

Without this line, the linker will complain about an undefined symbol.
• Think about what const int id_ prevents: you can't write this->id_ = 5; anywhere, 

definitely not in member functions, not anywhere. The object's ID is frozen at birth.



Additional Reading
• Discussion about Constructor delegation and 

member initialization 
(https://stackoverflow.com/a/12190126/2472169)

• Discussion about mutable variables 
(https://stackoverflow.com/q/105014/2472169) 

https://stackoverflow.com/a/12190126/2472169
https://stackoverflow.com/q/105014/2472169

