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Solving problems using linear algebra



Main reference

fast.ai course: Computational Linear 
Algebra
Written: 17 Jul 2017 by Rachel Thomas

Lecture 1: “Why are we here?”

https://nbviewer.jupyter.org/github/fastai/numerical-linear-al
gebra/blob/master/nbs/1.%20Why%20are%20we%20here.i
pynb#Answer



What is Linear 
Algebra useful for?

◦ Linear algebra allows us to solve many problems in 
science and engineering. For example:

◦ Reaction stoichiometry (balancing equations)
◦ Electronic circuit analysis (current flow in networks)

◦ If we can perform linear algebra operations using a 
computer to handle larger data, it can be useful for many 
interesting applications

◦ These slides will demonstrate some of the problems we 
can solve using linear algebra



Two key types of 
matrix computation
(Hope you reviewed the matrix operations!)

1. Matrix and tensor products
2. Matrix decompositions



The top 10 
algorithms of science 
and engineering 
during the 20th 
century



Let’s look at some practical 
applications of using linear algebra 
to solve problems



Matrix-vector multiplication

The matrix shown gives the probabilities of moving from 1 health state to another in 
1 year. If the current health states for a group are:

● 85% asymptomatic
● 10% symptomatic
● 5% AIDS
● 0% death

what will be the % in each health state in 1 year?

● You can write simple code to 
solve this (or do it by hand)

● Can we use a similar technique to 
make projections related to the 
current pandemic?



Matrix-Matrix 
Multiplication



Images can be represented 
using matrices

◦ Image is a handwritten 
number ‘8’

◦ Elements in the matrix 
represent the 
shade/darkness of each 
pixel



Eigen Decomposition for 
Google’s PageRank Algorithm

This is the algorithm that makes Google’s search 
find the ‘most relevant’ pages



Check out the first part of 
this discussion on 
PageRank

To get an idea how matrices are useful in the original  Google 
search algorithm, check this out: 
https://jeremykun.com/2011/06/18/googles-pagerank-a-first-att
empt/

(Of course, you are free to read through the rest of the blog 
entries

https://jeremykun.com/2011/06/18/googles-pagerank-a-first-attempt/
https://jeremykun.com/2011/06/18/googles-pagerank-a-first-attempt/


Key takeaways

◦ Linear algebra has many useful applications
◦ For many of these applications, it will need to handle 

larger sets of data -> impractical by hand, better using a 
computer

◦ Creating algorithms for linear algebra operations is thus 
very useful

◦ Next set of slides: How do we make sure these 
algorithms are accurate and efficient? 


