
Lecture 17: C++ part II

Suggested Literature



C++23 
introduces 
std::print

Standard based 
on the 

FMT library 
(which I will 
use a lot here)

C++ offers >1 way to do almost anything
RECAP: Hello World (new C++)

https://github.com/fmtlib/fmt
https://github.com/fmtlib/fmt


Functions in C++ allow 
naming overloading. 

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

in the same scope 

Overloading works on types 
Argument order is imp.         

f(int, double) and           
f(double, int) are different

RECAP: Functions C vs C++



RECAP: Functions C vs C++

Many ways to receive 
the elements of a tuple 

Options change in 
subtle but key features

Provide the compiler 
information for users 
to use auto keyword  
(a C++ superpower)
ß Bad example if C++14 

but ok if C++17!



Functions C vs C++

Functions can have 
optional arguments 
and return values.

How?

1. default values

2. overloading

3. std::optional<T>

https://en.cppreference.com/w/cpp/utility/optional
https://en.cppreference.com/w/cpp/utility/optional
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Functions C vs C++
Why not default value in 

this case?

There is a fundamental 
difference between not 

providing min and max and 
having a default min/max

Question: is no value a 
meaningful state?

Does the absence itself must 
be preserved and observed 

as data?



This code is slightly inefficient, as the .value() 
member function provides Checked Access (CA).           

What is CA? .value() throws 
a std::bad_optional_access exception if empty

Functions C vs C++

C++ offers both Checked and Unchecked Access to 
the underlying data the C++ STL abstraction holds 



Unchecked Access: usually done (not always) via 
operators. In this case, we will use the operator ∗

Functions C vs C++

Why not just stick to C and use a C void* pointer and 
an integer flag to select the options?

No right answer. You may stick to C and be happy. 

What C++ offers is (when well coded) a stronger type 
safety and checks (at compiler and runtime)



Functions C vs C++

The return type may also be 
optional

In this case, what if the 
student is not found? 

In C it is possible to recreate 
the functionality by 

returning an integer (error 
code) and having arg as 
Student double pointer



Why nullptr? Func. 
overloading: C++ is 
pedantic with types 
(no implicit casts). 

NULL is an int, but 
sometimes int* 

Functions C vs 
C++

C++ standard is 
much richer than C



Functions C vs 
C++

Why nullptr? 

Function overloading: 
C++ must be pedantic 

with types

Don’t assume 
functions in C and 

C++ behave the same 



Maps



Maps allow us to 
recover values from, 

e.g., string keys

C++ has a special type 
for strings (std::string)

Notice the existence 
of member functions. 
E.g., x.insert(args)

C++  Maps



Notice again that 
maps (container) have 

type as arguments.

map<int,int> 
(key are integers) is 

not the same as 
map<string,int>

(key are C++ strings)

C++  Maps



We can interact with 
maps (containers) via

1. member functions, 
e.g., x.insert(args)

2. Operators,         
e.g., operator []

3. Free functions (we 
will see it later)

C++  Maps



C++ offers different 
ways to access / 
modify elems. 

1.operator []
2.mem func .at()
3.mem func .insert()
4.Iterators (~pointers)

Similar but not 
equivalent

C++  Maps



Maps sort the keys 
So, inserting new 
keys is expensive, 
but access is cheap

(opposite behavior: 
std::unordered_map)

C++  Maps

https://www.geeksforgeeks.org/inserting-elements-in-stdmap-insert-emplace-and-operator/
https://www.geeksforgeeks.org/inserting-elements-in-stdmap-insert-emplace-and-operator/
https://www.geeksforgeeks.org/inserting-elements-in-stdmap-insert-emplace-and-operator/
https://en.cppreference.com/w/cpp/container/unordered_map


C++  Maps

In C, we learned that you can’t use pointer arithmetic for non-
contiguous containers (e.g., linked lists).

Rember what it++ does if it is an array of int and it is an int 
pointer (it would jump in mem in mem by sizeof(int)). 

Because it++ is not allowed on linked lists, we had to use 
while loops (never for loops)

Clearly, it looks like a pointer, but it can’t be a simple C 
pointer. C++ must somehow allow operators like ++ to do 

much more complex computations (yes – that is true!)



This looks like a pointer. Almost, not exactly
C++  Maps

They are iterators. Iterators are “like” pointers with some 
advantages (biggest one is allowing ++ operator on non-

contiguous containers). But they are more verbose
The keyword auto here is hiding the following 

it even uses arrows as pointers



C++ is compatible 
with Python style 

loops

C++ provides many 
solutions to each 

problem!

C++  Maps

Structure binding again!



Preview of STL 
algorithms and 

Lambda functions

Lambdas are quite 
powerful

We will discuss 
them in detail later

C++  Maps



Maps can be 
combined with 
tuples to allow 

multiple values of 
different types

For multiple 
values of the same 
type, C++ offers 

std::multimap

C++  Maps

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjigcCqjfj9AhV7lGoFHfbbC1EQFnoECBsQAQ&url=https%3A%2F%2Fen.cppreference.com%2Fw%2Fcpp%2Fcontainer%2Fmultimap&usg=AOvVaw0L4YtH2FpJvMyk-QdbQ4Fg


How to find if a particular 
key exists in C++ maps?

Again, many options!

.count() returns only 0 or 1 
(num of instances of a key)

.find() returns {key, value} 
pair if it finds the key

C++  Maps

https://cplusplus.com/reference/map/map/count/
https://cplusplus.com/reference/map/map/find/


C++  maps (how do they work)?
std::map: This container is implemented as a binary 

search tree àits elements are always sorted. 
Why? What do we mean by sorted?

Source:https://courses.grainger.illinois.edu/cs225/sp2022/resources/bst/

All elements to 
the right (left) of 

a node are 
greater (smaller) 

than the node



C++  maps (how do they work)?
How do you search for an element in a BST?

~ O(log(N)) in a well-balanced tree

Source:https://courses.grainger.illinois.edu/cs225/sp2022/resources/bst/

1.Begin at the 
tree’s root node

2.If the value is 
smaller than the 
current node, move 
left

3.If the value is larger 
than the current 
node, move right



C++  maps (how do they work)?
How do you insert new elements in a BST?

E.g., insert num 8 (~ O(log(N)) in a well-balanced tree) 

Source:https://courses.grainger.illinois.edu/cs225/sp2022/resources/bst/



C++  maps (how do they work)?
How do you remove a new element in a BST?

Depends on its location. Easier: one-child remove

Source:https://courses.grainger.illinois.edu/cs225/sp2022/resources/bst/



C++  maps (how do they work)?
How do you remove a new element in a BST?

Depends on its location. Harder: two-child remove
Need to find IOP: In-Order Predecessor
IOP = largest element on the left branch

Source:https://courses.grainger.illinois.edu/cs225/sp2022/resources/bst/



• Generalize the following 
code to be able to handle 
the sum of three numbers. 
The final code should still 
be able to handle null 
pointer via overloading

• Add a custom print 
message on each function 
to make sure your test cases 
on the main function are 
selecting the correct 
corresponding overloading 
function

All functions should be defined inside a namespace with your name
Homework I



Homework II (can be impl. in C)
A Binary Tree can be 

implemented using the 
following C struct. 

We will soon implement it 
using a C++ class

(1)Create a function that just allocate a new Node

(2) A valid Binary Search Tree (BST) is such that 
For every node, the value of all the nodes in its left subtree must be less than the node's value, and the value of all the 

nodes in its right subtree must be greater than the node's value.

Using function recursion, create a function that validate a BST
 



Homework III (can be impl. in C)
(1) Given an integer n, return the number of structurally unique 

BST with exactly n nodes of unique values from 1 to n.
Key Insight: To build BSTs with n nodes , we must:
1. Choose a root: Pick any value i from 1 to n to be the root

2. Left subtree: All numbers < i → total i-1 nodes.

3. Right subtree: All numbers > i → total n-i nodes.

4. n(BSTs) with i as the root = numTrees(i-1) × numTrees(n-i)

The numbers are known as Catalan Numbers.



Homework IV (can be impl. in C)
A balanced BST is a Binary Tree in which the number of left 

notes is similar to the number of right nodes.
(1)To convert a sorted integer array into a height-balanced 

Binary Search Tree (BST). 
Tip: use a divide-and-conquer approach and function 
recursion
(2) Use the function you developed on HW II to test that the 
BST you created is a valid BST.



Homework V (can be impl. in C)

Using this concept & function recursion: write a C function 
that find the kth smallest element in a BST

In-order traversal:
1. Go to the left subtree of 5 → at 3
2. Go to the left subtree of 3 → at 2 (no left child)
3. Visit 2
4. Back to 3, visit it
5. Go to the right subtree of 3 → visit 4
6. Back to 5, visit it
7. Go to the right subtree of 5 → at 7, visit it
8. Go to the right of 7 → visit 9

In-order output: 2 3 4 5 7 9

In-order traversal is one of the standard ways to visit all 
the nodes in a binary tree.

Example:
      5
     / \
   3   7
   / \   \
 2   4   9



Additional Reading: Logging
Instead of fmt::print / 

std::cout, I use a 
professional logging 
library in C++ named 

spdlog

spdlog has an option to 
disable exceptions. This 

avoids the loophole 
shown on the last slide.

https://github.com/gabime/spdlog
https://github.com/gabime/spdlog
https://github.com/gabime/spdlog

