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- Midterm 2 is this Thursday in class, 1-2:15pm.

Closed book - no cheatsheets, calculators, or other aids
allowed.

- Study guide is posted on the course webpage (under the
Midterm 2 row in the schedule tab).

- Past finals, which cover mostly the same material as this
midterm, are posted in Canvas.

* Ignore content on optimization, which we have not covered yet 3‘}
CQ(\\Q)&X\Q (?{‘ \lzh \r\
- Solutions to study guide questions also posted in Canvas

- I'will hold regular office hours today after class, focused on
midterm review.



Studying

Suggested Studying Approach:

- Review the study guide to get a sense of what you need to
know, and then mostly focus on doing practice questions from
the past finals and the study guide.

- Review slides as needed.

- Do some practidexams, under time constraints, with no
material in front of you.

- Note that some of the past exams were 2 hours long, but
designed to be completed in 90 minutes. This exam will be a
bit shorter.



Midterm Format

Rough Outline: (subject to changes)

- Question 1: 4-5 True/False questions. No justification needed.

- Question 2: 4-5 numerical answers, like quiz questions. No
justification needed.

- Question 3: 4-5 part question on analyzing an algorithm. Similar
in style to but easier than a homework question.

- Question 4: More challenging 4-5 part question on analyzing an
algorithm — more similar to a homework question.

- Potentially some extra credit subquestions on Q3/Q4.



Questions

Content or Format Questions?
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Spectral Graph Theory



Quiz Review
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Quiz Review

- Formula 1 point bd

Consider the unweighted graph G' shown below and let L be its graph Laplacian. Let:c =[1,3,7,3]. Whatis # La?

N (v (o-ytE

Hint: You don't need to explicitly write down L or do any linear algebra.

Answer




Quiz Review

- Th -
[ [ 2zt 2f1=0 .
Consider solving the optimization problem: ming.c 1 1y: not all entries of 7 are equal} 2Lz

What is this optimization problem commonly known as?

Computing the lowest eigenvalue of the graph Laplacian.

Gree.

Computing the maximum eigenvalue of the graph Laplacian.
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Quiz Review

- Multiple Answer 1 point &

Which of the following vectors can be used to recover the two communities in the stochastic block model? Check all that apply.

( Highest eigenvector of the adjacency matrix A.

[ ] Second highest eigenvector of the adjacency matrix A.

[} Second highest eigenvector of the Laplacian matrix L.

( Lowest eigenvector of the Laplacian matrix L.

(] second lowest eigenvector of the Laplacian matrix L.
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More Spectral Graph Theory Review

L-DO-A DT AANT-(g-1) = nT-J
3. Let G be a fully connected graph (a complete graph), with self-loops. What are the eigenvalues
of its corresponding adjacency matrix A and Laplacian L? What if there are no self-loops?
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More Spectral Graph Theory Review

1. Consider a graph G with Laplacian matrix L. Consider the problem: z, = arg ming, -1 zTLa.
What is z.? What value of I Lz, does it achieve?
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General Linear Algebra



Views of Matrix Multiplication
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Views of Matrix Multiplication
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Row Span/Column Span
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Let X = AB. Fill in the blank:
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Row Span/Column Span

Let X € R"™" be a symmetric matrix with rank(X) = k.

What is the dimension of X's row span? )
p \pk - SV"\

K. K=V

What is the dimension of X's column span?

\< k_é'\m
What is the dimension of X's null space? @
e [xfo [t

How many of X's eigenvalues are equal to 0?

gl
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SVD And Eigendecomposition

Let X = UXVT be the SVD of X. Prove that the it" column of V, v;,

is an eigenvector of X'X with eigenvalue o?. >< -\ [\\}T
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SVD And Eigendecomposition

Let X = UXV’ be the SVD of X. Prove that the it" column of U,
u;, is an eigenvector of XX" with eigenvalue o?.

20



Low Rank Approximation Example

5. X € R300%50 contains 500 well-clustered data points as its rows. In particular, there are ten
cluster centers i, . . ., 710 € R, such that each row Z; lies within Euclidean distance at most

1 of a center. Give an upper bound on min X - B|)%.
B:rank(B)=10
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Power Method

. . 1.01 0 1.1 0
6. Consider two matrices A = [ 0 1] or B= [ 0 1].

(a) What are their eigenvalues and eigenvectors?

(b) On which matrix will power method converge more quickly?
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Power Metho

3. Let X € R™? have SVD X = USVT with singular values 01(X), ..., 0q(X).
(2) What are the eigenvalues of the matrix (X7X)? 4+ (X¥X)3? What are its eigenvectors?
How about the matrix (XXT)2 4 (XXT)3?
(b) What is the runtime required to compute [(XTX)2 + (XTX)S}  for any 7 € R,

(c) Name one method discussed in class which relies on efficiently applying a polynomial in
XTX to a vector (or more generally, applying a polynomial in a matrix A € R?? to a
vector).
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Johnson-Lindenstrauss



Low Distortion Embedding Definition and JL Statement
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Let w € {—1,1}" have uniform random £1 entries. Lety € R"
\[MU\\) Ext- \ﬁo—]’

be an arbitrary vector. What is H\T\J\\{‘ : )\3‘\1&
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