


Question: what are the eigenvalues of A?

Division using conjugates

Example:

ㅐ



Consequently,

Example: find an eigenvector for each eigenvalue.



You Try It!





the matrix A says

renting from Box 1 results in
	 30% returning to Box 1, 
	 30% return to Box 2, and 
	 40% return to Box 3
	

Try with Ae1, Ae2, Ae3 first!

renting from Box 2 results in
	 40% return to Box 1, 
	 40% returning to Box 2, and 
	 20% return to Box 3

renting from Box 3 results in
	 50% return to Box 1,
	 30% return to Box 2,
	 20% returning to Box 3.



Note: the sum of the entries is always N=100 which is the 
total number of movies in circulation for this problem.

Q: Find the long term trend for the Red Box problem.

META: Step 1 - row reduce A-I and find an eigenvector for lambda=1

META: Step 2 - scale your eigenvector so that the sum of the entries equals the total 
number of objects in the problem (in this case there were N=100 movies in circulation)



Question: Find the long term trend for the initial vector v0=[35 ; 15]

META: Step 1 - row reduce A-I and find an eigenvector for lambda=1
           Step 2 - scale your eigenvector so that the sum of the entries equals the total  
           number of objects in the problem (in this case there are N=50 objects in circulation)

Q: why does this work? Hint: write v0 as a linear combination of eigenvectors 
and repeatedly apply A.



Why is it enough to find an eigenvector for λ=1 if 
you want to find the long term trend?

https://textbooks.math.gatech.edu/ila/demos/
dynamics.html?mat=1,0:0,1/2&v1=1,1,0&v2=1,-1,0

https://textbooks.math.gatech.edu/ila/demos/dynamics.html?mat=1,0:0,1/2&v1=1,1,0&v2=1,-1,0
https://textbooks.math.gatech.edu/ila/demos/dynamics.html?mat=1,0:0,1/2&v1=1,1,0&v2=1,-1,0
https://textbooks.math.gatech.edu/ila/demos/dynamics.html?mat=1,0:0,1/2&v1=1,1,0&v2=1,-1,0


Let's spend the rest of the day solving sample exam problems!

Spring 2022



Spring 2023



Spring 2024



Spring 2025



Real world application - Google searches!



Adjustment #1: if any pages have no outward links, then a user picks any page at 
random (could pick the same page)

Adjustment #2: a user will go to a random page p=15% of the time and click a 
link 80% of the time.

p=15% is called the 
damping factor

Start with importance matrix A (no Adjustment#1 needed since every page has at 
least one outward link)

PageRank vector



New example: remove the link out of website "C"

PageRank vector for G with removed link out of "C"

PageRank vector for G w/ link out of "C"

Why do we need a damping factor of p=15%?

You Try It!

Adjustment #1: if any pages have no outward 
links, then a user picks any page at random 
(could pick the same page)

Adjustment #2: a user will go to a random 
page p=15% of the time and click a link 
80% of the time.

Replace any columns of zeros with 1/3's

Compute G=0.85*A+0.15*M where M has all 1/3's



SPOILERS! Answer to previous YouTryIt below.



Why do we need a damping factor of p=15%?

You Try It!

Adjustment #1: if any pages have no outward 
links, then a user picks any page at random 
(could pick the same page)

Adjustment #2: a user will go to a random 
page p=15% of the time and click a link 
80% of the time.

Replace any columns of zeros with 1/3's

Compute G=0.85*A+0.15*M where M has all 1/3's

NOTE: Try to guess the PageRank vector just from the diagram!!!


