
Lecture 16: C++ part I

Suggested Literature



Welcome to C++. Important Advice

C++ is a vast 
language that is 

constantly evolving 
(new standard 

every three years)
Not all features 
available by the 

latest standard are 
available yet

C++ file extensions: cpp and hpp (header). I also use .c 
and .h (old habits die hard)



Welcome to C++. Important Advice
You need to be 

careful about the 
compiler version. 

We are going to use 
gcc version 5

The new standard 
is C++2026 (gcc 

implementation of 
C++2023 is still 

incomplete) 

Use the compiler flag -std=c++XX to choose the standard



Welcome to C++. Important Advice

And now we have 
C++26! And C++29 is 

coming

https://herbsutter.com



There is no need 
to learn all C++ 

features at once to 
do research.

I love C++, but it 
takes a long time 

to master it.

Google C++ style 
is a good 

conservative 
choice of features

Welcome to C++. Important Advice

https://google.github.io/styleguide/cppguide.html


Different teaching style

So far, I have created a well-structured 
ladder. I avoided exposing you to advanced 

concepts prematurely. 

C++ has so many concepts that we will 
make an overview. It will be fun but wild

In C++, I will throw you in the jungle and 
hope you will come out with a fur coat and 

a headband made out of some leaves. 

That is how I learned at UChicago. 

Don’t Panic! We have AI to help us



Different teaching style
Most important: Don’t Panic. Learn how to embrace seeing code 

with concepts you don’t understand. Use AI to help you understand.

This is what ChatGPT is 
really good for!



Many things to discuss from a simple Hello World in C++
Hello World (old C++)



no .h at the end 
of the header

Hello World (old C++)
Much to discuss from a simple Hello World in C++



With printf, the 
code offloads the 

string to the 
terminal after 

every command

When printing a 
lot of stuff that is 
slow and C++ is 

crazy about 
optimization

Hello World (old C++)
Much to discuss from a simple Hello World in C++



Many ways to write Hello World in C++

C++ std::cout 
has an 

intermediate 
buffer

std::endl = “\n” 
+ flush buffer 

now

Hello World (old C++)



Much to discuss from a simple Hello World in C++

C++ std::cout has 
an intermediate 

buffer

std::endl = “\n” 
+ flush buffer 
now (safer but 
slower - speed 
only relevant in 
extreme cases)

Hello World (old C++)



It is ok to use 
using namespace std

in cpp files
Not good practice 

to use it in hpp 
(headers).

This would destroy 
the encapsulation 

purpose of 
namespaces

What is std::? C++ namespaces (std = standard)
Hello World (old C++)



C++23 
introduces 

std::print (not 
implemented 
on gcc-14 yet 

but ok on 
g++15)

Standard based 
on the 

FMT library

Informal rule: C++ offers >1 ways to solve problems
Hello World (new C++)

https://github.com/fmtlib/fmt


Implementation 
of C++ new 
features lags 
years behind 

Suggestion: use 
FMT lib (but 
g++15 ok)

Hello World (new C++)
Informal rule: C++ offers >1 ways to solve problems



There are >1 
way to 

initialize 
even basic 

types in C++

Advanced 
Topic: they 

have slightly 
different 
behaviors

Variable 
initialization



Variable 
initialization

Example of 
standard and 

bleeding-edge 
(C++23) 

ways to print 
variables

Two 
commands: 
print and 
format



Namespaces allow 
duplication of 

function names with 
same type / num args 

Namespaces

Writing 
using namespace std

pollutes your code 
(acceptable on cpp) 



You can also declare 
global variables inside 

namespaces (minimum 
level of encapsulation)

Namespaces

Writing 
using namespace std

pollutes your code 

Ok on cpp files, terrible 
on hpp (headers)



They look the same. Trust me – they are NOT!
Functions C vs C++

C++ 
Newbies



Functions C vs C++
Functions in C++ allow 

naming overloading

C++ lets you specify >1 
function with same name 

in the same scope

Overloading works on 
types. Order imp. f(int, 

double) neq f(double, int)



Functions C vs C++
Functions in C++ allow 

naming overloading

C++ lets you specify >1 
function w/ same name in 

the same scope

Overloading works on 
types. Order imp. f(int, 

double) neq f(double, int)



Functions C vs C++

Functions in C++ allow 
naming overloading

C++ lets you specify >1 
function with same name 

in the same scope

Overloading works on 
types. Order imp. f(int, 

double) neq f(double, int)



Functions + STL 
allows the return of 

multiple objects. 
How?

C++ tuples and 
pairs (C++11)
tuples / pairs 

allow elements 
with different types 

to be stored

Functions 
C vs C++



In C++, types can have other types as arguments
tuple<int,int> is not the same as tuple<string,int>

Functions C vs C++

Functions like std::get<arg1>(arg2) can have types 
(or int!) and objects as arguments

get<string>(x) and get<int>(x): 2 different outputs!



Need a special 
function to make 

tuple / pair 
(make_X)

You cannot access 
tuple elements via      
[] operator. Need 
std::get<index> 

or std::get<type>

Functions 
C vs C++



We need std::get<index> or 
std::get<type> to access 

tuple elements. How?

std::get<index> is never 
ambiguous. On the other 
hand, std::get<type> can 

only be used when all types 
are different

Functions 
C vs C++



Can we adapt the 
example from the 
previous slide to 

return auto?

Yes! But in this 
case, we need to 

create the tuples w/ 
std::make_tuple

Functions 
C vs C++



Functions 
C vs C++

What if you don’t want 
to create a tuple to 

receive multiple returns?

1st option: std::tie 
(C++11). Great, except 

that you can’t use it with 
the auto keyword (write 

the types explicitly) 



What if you don’t 
want to create a tuple 

to receive multiple 
returns?

Second option: with 
C++17 structured 
binding (allows the 

use of auto, types can 
be deducted)

Functions 
C vs C++



C++17 Structured 
binding allows you 

to also unbind from a 
C Struct

C++ Structured 
binding



C++26 new 
feature – allow 

C++ complex to 
have tuple like 

behavior 
(including 

structure binding)

C++ Structured binding



Before C++26

C++ Structured binding



Curious question: How to print a Tuple?

C++23 print is quite 
versatile on STL 
containers (like 

tuple)
{:m} and {:n} are 
tailored to format 
pairs and tuples



Curious question: How to print a Tuple?

Remember that 
format can 

introduce this 
functionality to 
old C++ streams



Homework I

• Write a C++ function to generate and display a table 
of  n and n2, for integer values of n ranging from integer a1 to 
integer a2 (a1 and a2 should be arguments of the function). Be 
certain to print appropriate column headings. Use stream and 
FMT library (two different functions).

• Overload previous HW solution (maintain same function name – 
use C++ overloading). Write a C++ function to generate and 
display a table of n and n2 for two double values of n ranging 
from double a1 to double a2 (a1 and a2 should be arguments of 
the function). Use stream and FMT library (two different 
functions).

All C++ HW: Each HW should be written in a function. The 
function should be defined inside a namespace with your name



• Write a program that subtracts the value  double a1 from  double 
a2 and displays the result with an appropriate message at the terminal. 
Use stream and FMT library.

• Overload previous HW solution (maintain same function name – use 
C++ overloading). Write a program that subtracts the value integer 
a1 from integer a2 and displays the result with an appropriate 
message, at the terminal. Use stream and FMT library (two different 
functions). Make sure to write a unique message for each overload.

• Write a program that converts double a1 degrees Fahrenheit (F) to 
degrees Celsius (C) with the following formula: C = 5 (F – 32) / 9. 
Use stream and FMT library. Pay attention to the variable types!

Homework II
All C++ HW: Each HW should be written in a function. The 

function should be defined inside a namespace with your name



• C++ has a built-in type for complex numbers. (See more 
information at: https://www.geeksforgeeks.org/complex-
numbers-c-set-1/). Write a program that subtracts the 
value  complex<double> a1 from  complex<double> a2 and 
displays the result with an appropriate message at the 
terminal. Use stream and FMT library (two different 
functions). Use overloading C++ to maintain the same 
function name as the mandatory HW.

Homework III
All C++ HW: Each HW should be written in a function. The 

function should be defined inside a namespace with your name

https://www.geeksforgeeks.org/complex-numbers-c-set-1/
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• Generalize the following code to return 
the name, age, country (using 3-digit 
code) and wealth (US dollars) of any of 
your five favorite movie stars. The wealth 
can be an integer; no need to count the 
cents. The function should use the switch 
statement to provide concrete answers 
about any of your five favorite stars.

• Use C++17 Structure binding to 
exemplify in main() the return values of 
your function

All functions should de defined inside a namespace with your name

• Use C++11 std::tie to exemplify in main() the return values of your 
function

• Use std::get<position> to exemplify in main the return values of your 
function

Homework IV


