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2mn FLOPS When R m 2m FLOPS

W needs 21 FLOPS

AV needs 2nd Flops 2ns 2m not

vector inner product computation scales linearly with R

If you double n the numberFLOPS getsdoubled

i e the numberof FLOPS gets multiplied by 2

Matrix vector multiplication scales Guadrytical with a

If you double h the number Flops gets multiplied22

Fact A B A BER Flops 2m

This scales rely with n

observation Both 2n and 3n scale linearly with n

Both 2m and 5h scale quadratically with

The constant prefactor does not Mateer as much



Big O notation

Tw needs an Flops we say it is O n as n s

Big 0 In as a goes to infinity

similarly
A v is 0cm as a is

A B is 0 n as a is

In general if n is large O n is faster than 01h2

is faster than 0h35

Linear Algebra Review

Matrix vector multiplication A

Two ways

m.mn
I Y 1

Innerproducts of news of A with
Useful for computation

Me By columns A a an a az



Ax a an a 292

f 4

Linear combination fA
useful for understanding

AI is a linen combination of columnsof A

Definition All combinations of the columnsof fill out the columnspace
of A We use CCA to denote the column space of A

Implication i has idiot if b is in the columnspace

ECA

2 rank 1 matrix

let v I
w
Tim 112m

Define A E R is called a rank 1 matrix

bc Ax V Nx is a multipleof V
ERM hyp

low rank matrix A r W vk.nl Hrt went

for a small r



E Visualize the column space of A at a

A a ER

FITCH
All linear combinations of a and as form

a plane in 1123 The plane spannedby a anda

E Visualize the column
space of A a an as

as area

CCA theplane spannedby a and92

as is a dependent column that does notgo beyond the originalplane

In order for ai.az a to span the whole RS

they have to be linearly independent

Def a as as are linearly independent if none of them canbe
expressed as a linear combination of the other vectors

Equivalently the only combination thee gives the zero vector

is 0 a 0 az 0 A



Exercise prove the equivalence of the two statements

a a linearly independent CCA R
Ax b has a solution for
every beR
In fact the solution is unique

Why is unique

Def All solutions to Ax o form thenullace of A denotedbyNCA

Its dimension is called nullity of A

CCA


