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Mock Midterm 2

EECS 245, Fall 2025 at the University of Michigan

Name:

unigname:

UMID:

Room: () 1365 LCSIB (O 2901 BBB

Instructions

¢ This exam consists of 8 problems, worth a total of (IN/A) points, spread across 14 pages
(7 sheets of paper).

* You have 80 minutes to complete this exam, unless you have extended-time accom-
modations through SSD.

¢ Write your unigname in the top right corner of each page.

e For free response problems, you must show all of your work (unless otherwise spec-

ified), and your final answer. We will not grade work that appears elsewhere,
and you may lose points if your work is not shown.

¢ For multiple choice problems, completely fill in bubbles and square boxes; if we cannot
tell which option(s) you selected, you may lose points.
(O A bubble means that you should only select one choice.
[] A square box means you should select all that apply.

* You may refer to a single two-sided handwritten notes sheet. Other than that, you may
not refer to any other resources or technology during the exam (no phones, watches,
or calculators).

You are to abide by the University of Michigan/Engineering Honor Code. To receive a grade,
please sign below to signify that you have kept the Honor Code pledge.

I have neither given nor received aid on this exam, nor have I concealed any violations of the Honor Code.
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Problem 1: Inversion

2 -3
Let A = [8 _10}.

a) Find det(A), the determinant of A.

det(A) = H‘

2(-10) - ¥(-3)
- - 20424
= Y4

b) Find the area of the four-sided polygon in R?with vertices (0, 0), (1,4), (-2, —6), .and (=3,-10).

Area = a

¢) Find A1, the inverse of A.

1 '9/1. 3/
T

lf A% wls ore ©, V
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idea - = row 5{»(‘:‘

Pij

Problem 2: True or False?

Let A be an n x d matrix. For each statement in this problem, select True or False. For r
statements, provide a short justification; for False statements, provide a counterexample (or a
general argument for why the statement is false).

a) If Aissquare, and # € nullsp(A) and ¥ € colsp(A), then Z - = 0.

O True ‘False
[J‘J " nul.“S? m)
=[] = wle(A)

-\20

\

xX=

&

J
'i-g

b) If Ais square, and 7 € nullsp(A) and 7 € colsp(AT), then 7 i = 0.

@ True (O False

2
2

Let A—x_o and 3= ATP )’a-o‘
Tren,

1 T TAT
f} " (A b) )T'E»DT) @

¢) If Ais symmetric (A = AT), and Z € nullsp(A) and ¢ € colsp(A), then & - i/ = 0.
@ True (O False

(£ A symmetiC, olp (A) .-Co\s'y[AA)
o s e the same as T case

above !

and il space
o/h‘,aaoﬂﬂ*-e
< 6l space and] ’<'f"’ ’\“W

yRA

d) If P projects vectors in R" onto the column space of A, andy¥
and Py are also orthogonal.

O True . False

1dy 7, i € IR™ are orthogona, then Py
D= ALATAY AT Sywwhctnt, ickuprbd

Mo veasen o Jelleve HSs. bu.‘lmucl ]
(0%)-P5 = (¢2)"(Pg) >* LY =X Py
ho 1“‘"“‘{"— thg €0

P sd P PTP

o

\ "4

tUl/

=5

n._:_',’
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Problem 3: CR decomposition
Suppose 7,7 € R® and let LO' 9 =

Additionally, suppose A has the following CR decomposition:

C

3 0 R i
A= _11}[103—1 bl] > r;faﬂk—ﬂ-

o 10102 klaye

205.*(

a) Determine the following values.

rank(A) = ; b= j_ by = :l_

b) Find a basis for nullsp(A). Show your work, and your final answer, which should be a
list of Veﬁs. Hint: One of those vectors can involve by and bs.
N N 8

cank (A) + dim (aullsp (A)) =5 = dim (llp (A)) :@

ﬂ!&"— 2 LY vectoes

— )

2 R
0, f:}(col _’L), $o A e = %cd 1}«7(-0
e - "]
Y y* -1(0l1) + 3 (st 2),s50 # '? ~0
[ -

(2 wl 5=1 aﬂ.i)*'i(C”Q 2)1 : b“'
So Aﬁ =0 {3—1 )-3 R

5 5 (LS/J/E"—' é
bags for nullsp(A)

"
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pet
.

For the rest of the problem, let 2 = l

w5 -4Rn0at MSW“ rhe
wre | Z/és/Lf:,,ua

SO O = =

}

¢) Find one vector «' such that A&’ is the orthogonal projection of Z onto colsp(A). Show your
work, and | circle | your final answer, which should be a vector with 5 entries.

-

wlsp(A) = col‘P(C) so let's f,‘nld w ba_
uct«:s \r&s‘l' C iq tie vormal eg'ns.

(cfc) ¢’ /,g O]

> CTC - s ] (CTC) ’
cT()::) OL” If,”; ;;] [* ] [ 3;5

cols -i \ o"F ?ﬁ’]

2 'Cs ol
d) Describe the complete s!'f& vectors w* such that Aw* is the orthogonal projection of z onto 2

colsp(A4). Show your work, and your final answer, which should be a set of vectors
described in {set notation}.

=¥ - 5 +s /= | T t U
W 0 ° gl o
° °_ 0 =1
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1
1
e) Recall, 7= |0
0

v -rv / L
0 C () 1.)
Fmd a matrix P such that v is the orthog al p ect1on of 7jpnto Z. Sh yciu‘)rk, and

your final answer Avhich should be a matrix w1th no Vafiables.

T e WP VL
lloc'o
27T Z g"ﬂoo
‘Z = © b o ¢
Yy Yo e LT\?-—///
f= |2 V2 o o o
6 o 00 o0
¢ o oo o0 o
& y o 0o

f) Find rank(PA), where P is the matrix you found in part e) and A is the matrix from the start

of the problem.

Oo @1 O2 O3 O4 O5 QO Impossible to tell

cmk (PAY) ¢ min [k (P)
Pawk(AQ)

hese, vk (P) =1 (oufer podect)
”MK19¥)=:é; /

Pmkw(: 16 fon-2esP
So n%k(}%)2>0
so mygt be 4
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ﬂuuﬁp (A') - [;‘] | 7('3] +%2 =0

S~
Problem 4: The Null Space

Consider the plane in R? given by the equation = — 3y + 4M

In parts a), b), and ¢), let A be a matrix whoses the plane defined above. ’I [ C-C n““s

a) Fill in the blanks: J3 2‘-0[ SMbQP
rank(A) = I dim(nullsp(A4)) = g

P, 4 \

(plere) A hAS 5

b) Suppose dim(nullsp(AT)) = 3. Fill in the blanks: Co 2 [ MA

A has L,' rows and 3 columns. vank 3_ a: \
Y‘MkCA'TWnuIIS (Af) Frws -2 [+3=>4

¢) Find one possible matrix A where dim(nullsp(

— _ ¢ 1 )
A:' : —; 9 {: AV’IL >
-3 4 Hres [ J“Po
\" -3 L'J ) ¥ o plene
/

d) Now, suppose B is a matrix whose column space is the plane defined above. Find one possible
matrix B with 4 columns.

aL;P is Plam!, M ﬁ;f cols each Tw K{
rok 2, 4

)
pek 2 UL vees on plane : ;f [

4 o o
M,sttbqq

=l - 23 13

Ls

J
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Problem 5: Skincare Products

In this problem, we’ll work with a dataset with information about skincare products. A sample of
the dataset is shown below, but the full dataset has a total of n rows.

Price | Type Brand Sensitive | # Ingredients
55 Eye cream | PERRICONE MD 1 33
19 Cleanser | CLINIQUE 0 36
75 Eye cream | PETER THOMAS ROTH | 1 42
38 Cleanser | PETER THOMAS ROTH | 0 23

The Sensitive column contains either 1 or 0, corresponding to whether the product was designed
for sensitive skin.

Our goal is to fit a multiple linear regression model (by minimizing mean squared error) that
predicts the number of ingredients in a product given its Price and various other information.

a) Suppose we fit a model that uses an intercept term, Price, and Sensitive as features.
(i) Write the first two rows of the design matrix, X.

N oss ]

I 19 o
L _

(if) Suppose that a solution to the normal equations is

*
wy )
ok % .
w = Wprice = |-2
*
Wsensitive 8

This model is equivalent to two parallel lines in R?, each one of the form

h(Price;) = a + b - Price;

where the line to use is determined by the value of Sensitive. Determine the values of a
and b in both cases.

If Sensitne =) & h(Prve;) =0-2-Pece, + § .
= |§.. 2-?{\.‘&;% ;’:_lil
;f seniie=0: aa S, ba-2
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The table below describes four possible models, each fit by minimizing mean squared error.

Model | Intercept? | Price? | Type? Brand? Sensitive?
Model 1 | Yes Yes OHE, no categories dropped | No No
Model 2 | Yes Yes OHE, "Eye cream" dropped | No No
Model 3 | No Yes OHE, "Eye cream" dropped | OHE, no categories dropped | No
Model 4 | No Yes OHE, "Eye cream" dropped | OHE, "CLINIQUE" dropped | No

In each part below, determine

¢ The number of columns in the design matrix X.
¢ The rank of the design matrix X.

* Whether or not the model’s error vector €is guaranteed to sum to 0.

Assume that there are 8 unique values of Type and 15 unique values of Brand. If it is impossible
to determine the answer (e.g. if there are multiple possible answers), write “N/A”; don’t just

write one of them. o e
14149 o~ s n
0 | 1

Errors guaranteed tosumto 0? @ Yes (O No € N\___ ;v)f!,rte—pf term
L+14+3 -\

O No
)el5= 2%

0‘7

b) Model 1

number of columns in X = rank(X) =

c¢) Model 2

number of columns in X =

9

rank(X) =

,weml,s ow

relafionship

Errors guaranteed to sum to 07 @ Yes

4 Model3 OT| ¥ (}-— —£ be‘hv"-”
number of columns in X = 9‘?7 Crank(x) =] N /A vaa'wL wts
Errors guaranteed to sum to 02 @ Yes () No E~—_—~ Bvand c,dza oS Sun

e) Model 4 [ J

number of columns in X = rank( X) =

AR | me N/A

@ No

10

Errors guaranteed to sum to 02 () Yes
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Problem 6: Gradients

Let

hE) = (CZ) - (CZ+b)

where # € R?, C'is an n x d matrix, and b e RY

a)

b)

Find Vh(Z), the gradient of h(Z your final answer, which should be an expression in
terms of &, C, b, and/or constants

h(%) = (C#) (c«as) 7 CT(Cvu-l‘») .
% CCR+R L,\:?;

iw-fom vector
V"("C) ACTCK+ C'D « ether foem

=2C° (Cx H’Q fine

Let
9(#) = log ((h(%))’)

where log is the natural logarithm. Find Vg(Z), the gradient of g(Z your final answer,
which should be an expression in terms of 7, C, b, and/or Constants

Nl 4(%) = 2 loq (W(%) (cas.u-'ﬁs wse )
Let -fbc) loa\‘ (x) (scnlsr—to- ~scolp-)

Vq(5) - _f: (h(D) V n(%)
2C7(C345) =

AcCx+b )
)T(C-;rﬂ)

h(vc)

11
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Problem 7: Gradient Descent
Suppose @ € R3, and let

q(@) = (w1 +uz +uz)® + (u1 — uz)?® + (uz — ug)?
We write code that implements gradient descent in order to minimize ¢, using some initial guess,
@0 and learning rate/step size, 7. In our code, we add print statements that show us the values
of @) and Vq(@") (the gradient of ¢) after each iteration.

ik o 0\'\;
0 {6}}(}( fd'“ Q_ﬂ“"‘?"

Here’s what we see:

After 1 iteration, @(!) = , V(@) = | -6 @) =21 B 2 =
-3 —12 L
1.2 3.6 2 R
. . ‘
After 2 iterations, @?) = | 0.2 |, Vq(@®) = [1.2], ¢(a®) = 2.28
—0.6 0
a) What is value of 7? Give your answer as a fraction or dec1mal _) C )
™= /5 u =

—b
[ ..| —-11 -
|

b) What is the value of u, 0 ie. what is the second component of the initfal guess vector, @(?)?

Circle | your final answer, which should be an expression in terms of © and/or constants. (If
your answer does not involve 7, we cannot give you partial credit in case your answer to (a)

was incorrect.)
bﬂJ

N eed v (M.) fo famd (VY 5 P
n%l core abof‘b 2 "’Clcovr?mm'\'f-

AV 1( 7 ) = _9_1 . 99 . a(q,-m,;!-u—,) YRS

duy 3«. + A ("‘L -

/\

= 6“7_

a,_“)r-'-t-f’)-n(éu‘b)) 5 ‘= u; 2 (1-67)
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Problem 8: Convexity

In Lab 10, we proved that if f : R — R is a convex function such that f(0) = 0, then for all y € R
and t € [0,1],
flty) < tf(y)

It turns out that this fact is true for all real numbers ¢, not just ¢ € [0, 1] (as long as f is convex and

f(0) = 0).

Using this fact, prove that if f : R — R is a convex function such that f(0) = 0, then for all
z,y € R,

flx+y) < f(z)+ fy)

Hint: Start by using the definition of convexity on f, x, and y, using t = . This will tell you something
about f(z) + f(y). To relate this to f(x + y), use the first fact provided from Lab 10, but substitute t = 2
and something involving both x and y for y.

MSMJ the h}n'\', $incCe is oomvex:

F(-D %+t e i_’:}f () +1£0y)

£(h =t y) ¢ h 7 f(.‘l)
af (%) ¢ £l

) since.

Now, Lt 2= Zﬁ . Ter
2

f(t2) ¢ tf(z) 1=t=3
f(2z) £ &)

iﬁ‘%ﬁlﬁ ;1]6[1'_;_:/> ¢ F(x)Hy)

(a~d f Ornvex

“ﬂ’“ﬁ -t— Jato) =20

),

So, f(g';;ﬁ f‘(‘é—n—f@) . Lo eacter
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Congrats on finishing Mock Midterm 2!

Feel free to draw us a picture about EECS 245 in the box below.

jw\ 3o‘t Hauis !
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