Matrix Calculus Practice Questions
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Questions compiled by Salman Naqvi.

All questions in this paper are based of the The Matrix Calculus You Need For Deep Learning
paper by Terence Parr and Jeremy Howard.

Do let me know of any corrections.
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1. Find ££9(z + 2?).
2. f(z,y) = 3z2y. Find V£(z,y).
3. f(z,y) = 3x%y and g(z,y) = 2z + 5.
a. Find the Jacobian containing V f(z,y) and Vg¢(z, y) in numerator layout.
b. Find the Jacobian containing V f(z,y) and Vg(z,y) in denominator layout.
4. Lety = (%) = f,(z;) = z;. Show that % =1

5. § = (W) O &(%) = f,(w;) O g;(x;). Prove the following identities.

(W) — I

i. show that 5%
W

ii. show that @ =1.

b. If§ = £(%) © 8(%),

i. show that % =1

ii. show that @ =TI

c. Ify = (W) @ g(W),


https://forbo7.github.io/about.html
https://explained.ai/matrix-calculus/#notation
https://www.linkedin.com/in/terence-parr/
https://www.fast.ai/about.html#jeremy-howard
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d(WeR)

i. show that —=5=— = diag(X).
ii. show that 8(2;?)() = diag(w)

i. show that a(ggi) — diag(---xi---).

ii. show that a(ggi) — diag(--- _ ;“_2>

=

y= f(i) O 8(2) = % O 1z. Prove the following identities once with matricies and once with

a general form of the equation.

a 269

b 2582 _ 7

C. 6(’:;? )= Iz

d 2599 _ 5

Y= sum(f(i)) =>" LX), where [i(X) # z,. Show that

oy _ oliz) i) O1i(z)
7= (052 55 - n 5.

y = sum(%). Show that Vy = 17.
y = sum(Xz).

a. Show that % =17z

b. Show that % = sum(X).

Find % sin(z?).

y = In(sin?(z?)). Find j—z.

y = f(x) = = + 2. Solve for % using total derivatives.

Of(xy,uq,...,u,) _ Of n  Of Ou, .
Show that =——7l==—ns = = + Zi:l B, Bz where uq, U, ..., u,, are all functions of x.

. . 6] of Ou; 1 8f Ou,
a. Further simplify a—ﬁ + Z;‘Zl B_Ji 8“; to Z:: 8_1{.;%'

— g of(x)
f(z) = sin(z + z?). Solve for 5=

r



15.

16.

17.

18.

19.

20.

y = x - 22. Solve for g—i’ using total derivatives.
- _ 2oy |n@] _ [h@] _ [mE) ] L ey
y=1f(z)= [yz(w)] = [fQ(x)] = Lin(h)].Flnd e

- e oy f 08
y = f(g(x)). Show that 5 = g—éa—j

)
a. Show that g—g = diag(

b. Show that % = diag

c. Show that %f (
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y = max(0,W -X +b).

a. Find 258%)
Uy

Uz

b. Now find 2 Sgg(ﬁ), where i =

Uy,

c. Therefore, find

B(¥r%-+b)
ow

B(Wr%-+b)

11. b

d. Letz =w-X+ b, ~ y = max(0, z). Find %.

e. Finally, find

9y
%

9y

11. 3b°

The MSE (Mean Squared Error) for two values is given by

and y denotes the corresponding target.

a. If we have multiple data samples that are stored in another vector, X = [, %, -

the targets for each sample are stored in § = [v1 v2 -

, where y denotes a prediction

yn]T, and that a prediction is given



by max(W% - %; + b), show that the MSE simplifies to + 211 (y; — max(0,W - %; 4+ b))?,

where N = | X]|.

A%, +b)
%

. Find
Find 228550
W

- Find O ms 18
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. Finally, find agg’E = a%(% Zj\il (y; — max(0,w - X, + b))Q). Simplify the answer by

9 MSE
ob

. Similarly, solve for and simplify with e;.

. Instead of finding the partial derivative with respect to w and b separately, we can let

9 MSE
ow

9 MSE
ow

W = [«7 ¢|" andlet%; = [x7 1], and instead solve for . Solve for and simplify

by letting e; = W - X; — y.



Answers
1L L9(z+2?)=9+18z

2 Vi = (2]

3.
a J— [ny 3.702:|
2 8y7
6zy 2
b. J = [3m2 8y7:|

10. L sin(z?) = 2z cos(2?)

11. dy _ 622 cos(z3)

dz = @)
dy _
13.

_ 8f(“1,~~»un+1) _ n+l 8f Ou;
a. Letx = u,, . Then ——3—+ = Zi:l s

14. df(;) = cos(z + z?)(1 + 22)

d

dy _ .2

- 2
17. & = [ - ]

z 3cos(3x)

19.




20.

. For a single sample, MSE = w

H R, - max0,5-07) = {5y

ou
Oy _ 2T
1 o X
.o ay _
11. 3 —
Oy 0 2<0
8z~ |1 2>0
i Oy _ JOT %x+b<0
T ow 2T 5%+b>0
.. By 0 W-%+b<0
. = =
b 1 %-%+b>0

—(W-%+b))?
2

MSE = %ZNl (y; — (W-X; + b))Q-

1=

AW, +b) _ o
ow X

Omax(0,w-%;+b) [0 w%x+b
ow Tz

8(y;— max(0,%-%,+b)) {6T W% +b<0

o% —3T W-%+b>0
B(y;— max(0,w-x;+b))> _ [0 W%4+b<0
ow —2(y,; — max(W-%;+b))xT W-%;+b>0
2 (LN ( 0,5 % +)%) =4 <0
- )y . —max(0,w - X, + ):
AN Si A 3, ek w4050
2 (F T, ( O %+ o)2) =40, I
- ol w . - —max(0,w- X + ):
06\ Zuimy Wi ’ ' 2N e wE+b>0

. Therefore, for multiple samples,
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