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Overview

e Notation: vector, matrix
e Definition: vector and matrix operations

e Gradients and chain rule



An array of numbers

Notation:

e bold lower case

Size:
Order:

Indexing:

What Is a vector?

\Y

s1ze(v) = n
dim(v) =1
V:

l



What Is a matrix?

An 2D array of numbers

. 1 4
Notation:
otation M 5 5
* bold upper case 3 6
Size: sizeM) = n X m
1.2 1.1
Order: dim(M) = 2 44 3.2

Indexing: M,



Vector norm




Element wise operations

Vo T Wo Vo ™ Wy
vaw= |V1TW| yrw= v Fw,
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Vo — Wy VO/WO
V—W = lvl :WW viw = | V1/Wi
Vi =™ Wh v.Iw,



Inner product
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Outer product

YoWwo VoW1 ..o VoW

ViWg VW ... VW
vw= | "o Vi 1Wn

VW VW1 ... VW,



Frobenius norm

\M\=\iiM§-
L
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Transpose
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Matrix multiplication
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Matrix-vector multiplication

bOO
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Vector operations

Length / norm: | v |
Element-wise operations: v+ w,v—w, ...
Inner (dot) product: VW=V W

Outer product: VW' =VQW



Matrix Operations

e Frobenius norm |M|
e Transpose M’

 Matrix multiplication AB Ay



Functions of vectors

e Definition: f:x -y



Derivatives of vector valued
functions

e Gradient of scaler function

scaler
A TN S A
0X o Oxg  Ox; 0%, J

e Jacobian: Derivative of vector g(x) by vector x :

vector
ogX) [ & & ]

0X Oxg Ox;  0X, J




Chain rule for scalar
functions

e Nested functions:  f(g(x))
* where f:R—->R and g:R->R

e and y=gXx)

If(g(x)) _ Iy) dg(x)
0x dy Ox

e Derivative:




Chain rule for vector-valued
functions

e Nested functions:  f(g(x))
e where f:R"—>R" and g:R?’ > R”

e and Yy =g(x)

of(g(x)) _ Iy) dg(x)
0. dy 0X

e Derivative:

nNXp nNxXxm mXxp



Summary

Vector v
Matrix M
Gradients I
ox
Chain rule Y(8\)) _ df(y) 0g(x)
ox dy  Ox

More reading
[The Matrix Cookbook, Petersen and Pedersen 2012]



