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https://www.visual-intelligence.no/
https://www.trust-aicentre.no/english/
https://mishmash.no/
https://alirk.github.io/

Algorithms, Practice, Theory, Major Issues of Deep Learning

Main Application: Image Data

Not a Pure Programming and Math/Stats Course

Useful Tools for Industry/Academic Career
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Everything on Course Web Page and Mattermost

Mandatory one: Post on Feb (deadline in two weeks)

Mandatory two: Post on Apr (deadline in two weeks)
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A € R™*™ matrix with m rows and n columns with real entries
x € R™ n-dimensional column vector
x| the transpose of x (row vector)

aj € R™or A.; € R™ j-th column of A

A=la; az - ay]
b{

A= |
bT
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Let x,y € R™ and A € R™*"

Inner product or dot product x'y =31z

L1Yyr ZT1Yy2 - TilYn
291 x2y2 - X2Y
Outer product xy' = ) ) . "
ITnY1 TnlY2 -+ TpYn
T T
b, b, x
Writing A by rowsy =Ax= | | [ x= :
T T
b,, b, x|
Writing A by columns y = Ax = [a] a3 -+ a,]




Transpose of A € R™*" denoted by AT € R™™ (A7) = Aj;
ij
(AT ' =4; (AB)T=BTAT; (A+B)T=AT+BT

Square matrix A € R™"*" is symmetric if A = AT

Trace of a square matrix tr(A) = Y 1" | Ay

tr(A) =tr(A"); tr(A+ B) =tr(A) +tr(B); tr(AB) = tr(BA)

tr(ABC) = tr(BCA) = tr(CAB)
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Informally a measure of the length of a vector

Euclidean or £5 norm x|z = /> i, 7

x5 = x"x
01 norm ||x||1 = > 0 |
loo norm ||X||0o = max; ||

1/p
¢, norm for some p > 1 ||x|, = (Z?:l \mi|p>

Frobenius norm [|Al|p = /377", Y70 A% = \/tr(AT A)
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Let A € R™ ™ and x € R™. The scalar x' Ax is quadratic form

n on
XTAX = Z Z l‘iAijl'j

i=1 j—=1
x'Ax = (x"Ax)T =xTATx =xT (%A + %AT>X

A symmetric A is positive definite if for all non-zero x, x" Ax > 0
A is positive semidefinite if for all non-zero x, xTAx >0 (A>0)
A is negative definite if for all non-zero x, x " Ax < 0

A is negative semidefinite if for all non-zero x, xTAx <0 (A=0)
A is indefinite if it is neither PSD nor NSD
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Given A € R™"™ X € C is an eigenvalue of A with corresponding

non-zero eigenvector x € C" if Ax = Ax
(A, x) is an eigenvalue-eigenvector pair if (\I — A)x =0, x # 0

(ML — A)x = 0 has non-zero solution iff A\I — A is singular

det(AI — A) =0
Trace equals sum of eigenvalues tr(A) = >"7" | eig(A) =37 N

Determinant equals product of eigenvalues det(A4) =[], A\
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g : R™*™ — R takes an m X m matrix input and returns a real value

The gradient of g w.r.t. A is a matrix of partial derivatives

Vag(A) =

9g9(A)
0A11

9g9(A4)
8Aml

99(A) 9g(A)
81412 814171
99(A) 99(A)
8Am2 8Amn

f :R™ — R takes an n-dimensional vector input

Vi f(x) =

0f(x)
ox1

97 (x)

Oxy
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f :R™ — R takes a vector input and returns a real scalar

The Hessian matrix w.r.t. x is n X n matrix of partial derivatives

Prx) P A
Oz3 Oz10x2 0x10zn
Vifx) =1 Lo
i) Pfx . P )
0xn0x1 OxnOxo ox2
> f(x)

(V?‘f(x))ij - O0z;0z;

Exercise: Suppose f(x) = x' Ax. Then show

Vix ! Ax = 24x, V2x'Ax =24

. 2
Hint: Show 859(;‘) =23, Ajx; and gxg;‘; = 24;;
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[1] Z. Kolter and C. Do. Linear algebra review. https:
//cs229.stanford.edu/section/cs229-1inalg.pdf.
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