



































































































LectureV1 51.6 Algebraicpropertiesofmateroperations
Lasttime wedefined addition scalarmultiplication productofmatrices

Operation Input Output

Twomatrices AtB an mxn

Addition A ai and matter with
B bij of AtB ij AijtBithe same size mxn

Scalar X a number XA matrixof
Multiplication A Lai an

Mxn matrix
8 Mtn with
A ij X Ai

Product
Two matin AB matrixof
A ai man size M xs

B bij Its HA colslis

I cols A rows B a

A Formula LAB g
ai bij t air bag t tain bug
ith row ofA ith

Ys
Warmup A Mxn I n x1 columnrector m A 1 is

a column sector ofsize m
A I X Col A XacolalA t t Xu coln A

General case A mxn Bux s m Colj AB A Colj B






































































































Example A 16 9 1 9
2 3 3 4

s BA is not defined sizes are incompatible

e AB is a 2 9 matrix I 4 8

Col AB A Col B L
lolz AB A Col B 4255 Y
lol AB A Col B 8
Cola AB A Cola B

Q Why this definition

A1 Nice algebraic properties next

Az Allows for fast substitution composition of linear functions

Ex Combine 1 3 y yzty
2 s y sy

Y 1 42 23
y z Zz Zz

Yz O

into a single linear system in 121,22 23

use 111 1 s 611 I 1 El

list i 11 151,12
conclude that
1 1221 22 423
2 1221 522823



z AlgebraicProperties

SLOGAN Matrix operations are almost as nice as operations in R

Theorem1 A B C mxn matrices Then
Lemmutative At B B A

Associative At B C At Btc

Neutral Element The zero matrix O ofsize mxn allentries

an o satisfies A O Ot A D for all noticesA ofsize mxn

AdditiveInverse Given A the matrix P ofsize man with
entries Pij Aig falling solve the matrix equation in

A P P A O

Q why is this true

A Addition for matrices is doneentry by entry theseproperties

are true in R 1 1 matrices

Obs O is sometimes denoted by Oman if thesize isnotclear

02 3 1888 9 2 188

Definition The Identity Matrix of size nxn denoted by In
is the square matrix with t's in the diagonal and o's elsewhere

In a
Ex 5 169 Is 1

n diagonal i i entries



Theorem2 A of size mxn B of size nxs Col size sxl
AB C A BCAssociative
mas s my me

madmatrices

Associative 2 s scalars 2 BA KB A mxnmatin
mxn mxn

Associative 2 scalar 2 AB KA B A LB

Neutral Element A A In Im A
Mxn nxn mim Mtn

Qwhy I Explicit amputation ofeachentry once sizeshave been

determined see textbook

Nxt Relate the 3 operations

Theorem3

Distribution I Fix A B of size mxn Cof size nxs Then

ATB C AC BC
mxn ax's mas mas

mas bothsides

Distribution II FixA of size mxn B Cof size nxs Then

A Btc AB AC
th mas mas mas

mis bothsides

Distribution II Fixx B scalars A of size man Then

2 8 A LA t BA mxn bothsides

Distribution IV Fix a scalar A B of size mxn Then

x ATB LA LB
mxn mxn man

mxn both sides


