
Lecture 19: C++ part IV

Suggested Literature



More Lists



Algorithms don’t 
have permission to 

delete elements

But they do return the 
position where they 

stop

C++  Lists



Can I advance 
to position N 

without having 
to loop over 

iterators 
explicitly?

Yes, with 
std::advance

C++  Lists



C++23 
introduces 

advanced range 
concepts that 
resemble bash 

piping

C++ (23)  Lists
assign_range replaces the entire 
contents of the list with whatever 
the given range produces.



Vectors



C++ Vectors

Memory in vectors 
is contiguous

There is no 
vector::push_front 

(Vectors are not a 
double linked list)



Memory in vectors is 
contiguous

So totally ok to use 
operator[] or .at() 

(.at() is safer: checks if 
out of bounds)

C++ Vectors



Capacity is usually larger 
than size (vector holds 

more memory than 
currently needed)

Why? To allow fast 
future expansion via 
vector::push_back

C++ Vectors



C++ Vectors
Capacity is usually larger than size

.push_back() is cheap as long as its size < capacity

What happens when 
calling .push_back() 
with size = capacity?

Slower: the entire 
vector needs to move 

to a new location 
with extra capacity



C++ Vectors

What happens when calling 
.push_back()                    

with sz = capacity?

The entire vector needs to 
move to a new location with 

extra capacity



As we seen before, C++ 
can perform operations 

at compile time 
(constexpr)

C++20 expanded the 
number of such 

operations, including 
std::vector operations

C++ (20)  Vector



Next class is all about 
ranges.

Problem: copy the 
keys of a map to a 

vector

Old vs New C++ 
solutions.

C++ (20)  ranges



Can we stride a 1D 
vector to be a matrix 

(or a tensor)?

In C++23, we can!

Works with gcc-16

Linear Algebra in C++ with STL Vectors

https://en.cppreference.com/w/cpp/container/mdspan
https://en.cppreference.com/w/cpp/container/mdspan
https://en.cppreference.com/w/cpp/container/mdspan


Can we stride a 1D 
vector to be a matrix 

(or a tensor)?

In C++23, we can!

Perfect for Matrix 
Multiplication

Linear Algebra in C++ with STL Vectors

https://en.cppreference.com/w/cpp/container/mdspan
https://en.cppreference.com/w/cpp/container/mdspan
https://en.cppreference.com/w/cpp/container/mdspan


Linear Algebra in C++
STL only implemented Linear Algebra                      
(higher order Blas functions) in C++26

Source https://en.cppreference.com/w/cpp/header/linalg.html

No compiler has implemented it yet                     
(*nvidia compiler seems to have a partial implementation)

So, how did C++ users do LA before C++26?            
External Libraries like Armadillo (Additional 

reading)



Linear Algebra in C++
C++ has some awesome LA libraries. 

My favorite is: Armadillo lib 

https://arma.sourceforge.net/docs.html


C++ STL didn’t have a 
LA library prior to 

C++26. A much better 
solution: Armadillo lib 

Armadillo wraps lower-
level linear algebra 

libraries (good practice)

Additional Reading: Linear Algebra in C++



C++ STL doesn’t have high performance library for 
linear algebra. Much better solution: Armadillo lib 

Additional Reading: Linear Algebra in C++



Last Container of Phy504: 
Unordered maps



C++  
unordered 

maps
The API is 
similar, but 
behind the 

scenes, they 
are quite 
different



C++  unordered maps (behind the scenes)

https://jbseg.medium.com/c
-unordered-map-under-the-

hood-9540cec4553a

Keys are hashed to an index in the array, aka a 
bucket. Each bucket is the head of a linked list. 

Unordered maps use a hash function instead of a BST
BST = Binary Search Tree



C++  unordered maps (behind the scenes)

Why? Because we need to take into account collision 
(otherwise we could assign a single pair to each bucket)

E.g, John/Lisa hash to the same bucket, 152. Thus, 
they both get added to the linked list for bucket 152.

Each bucket is the head of a linked list



C++  unordered maps (behind the scenes)
Unordered maps use a hash function instead of BST



C++  unordered maps (behind the scenes)
Unordered maps use a hash function instead of BST

Keys are hashed to an index in the array, aka a bucket.

Concept of a functor will be 
taught in Lectures 6-8



C++  unordered maps (behind the scenes)
Keys are hashed to an index in the array, a.k.a a bucket.



C++  unordered maps (behind the scenes)
How do you code to find elements in a hash table?

using is an excellent syntax sugar for 
types (more powerful than C typedef)

Buckets[bucket_index] 
is a linked list

The mysterious part (yet) in 
C++ is how iterators can do the 

operator ++ in a linked list



C++  unordered maps (behind the scenes)
How do you code to find elements in a hash table?

auto keyword here can be used for a little syntax sugar



C++  unordered maps (behind the scenes)
How do you code to add elements in a hash table?

last slide



Given the vector below, print all its elements in five different ways
Homework I

(a) Print using C style for loop and operator []
(b)Print using C style for loop and member function .at()
(c) Print using C style for loop  & C++ iterators
(d)Print using C++ Python Style
(e) Print using C++ STL algorithm for_each()



Below, I show my simple implementation of Pascal’s Triangle
Homework II

Change this implementation to
(1) Use iterators
(2) Do not use .push_back() (you can 

extract the size of the row!)
(3) Although not efficient, redo this code 

replacing STL vector with STL list 
(both (1) and (2) with lists)
I hope you can see that with C++ 

abstraction, it was not hard to go from 
vector to list.



STL Algorithm + C++ random library is fantastic for generating a 
vector of random integers (w/o repetition) as shown below

Using STL algorithms, sort this vector (you sort manually by 
implementing bubble-sort – see source code in the link 

https://www.geeksforgeeks.org/dsa/bubble-sort-algorithm/)

Homework III

https://www.geeksforgeeks.org/dsa/bubble-sort-algorithm/
https://www.geeksforgeeks.org/dsa/bubble-sort-algorithm/
https://www.geeksforgeeks.org/dsa/bubble-sort-algorithm/


Given two sorted STL vectors v1 and v2 of the same size                         
return the median of the two sorted arrays.                                    

Assume the size is odd and use std::iota to generate them.
(1) Solve this exercise by merging the two STL vectors. Merge them 

thinking like a C program (defining a third STL vector with 
sufficient size)

(2) Solve this exercise by merging the two STL vectors, but this 
time, think like a C++ program and use the STL algorithm 
std::merge (research about this function)

(3) Solve without merging the two STL vectors

Homework IV



C++ offers support for 
random numbers. Here, we 

simulate a dice roll and 
then fill an array.

(a) Modify this code to fill 
the array from a normal 
distribution mean zero 
and sigma one. Use 
std::normal_distribution

(b) Research about 
std::ranges::generate_n 
rewrite the code to roll 
the dice again, but only 
on the last 5 elements.

Homework V

https://en.cppreference.com/w/cpp/numeric/random



(1) Using C++ random 
number generators, fill 
two matrices with a 
Gaussian Normal 
distribution (mean zero 
and sigma = 1)

(2) Using std::mdspan, 
convert this pseudo-code 
into C++ to compute the 
determinant of a matrix.
(You get ½ point if you 
assume it is a 3x3 
matrix) 

Homework VI


