Matrix & Vector
Multiplication
ChEn 1703

Wiki page notes

T
[[[[[[[[[[
0



http://www.che.utah.edu/~sutherland/wiki/index.php/LinearAlgebra%23Matrix-Matrix_Product
http://www.che.utah.edu/~sutherland/wiki/index.php/LinearAlgebra%23Matrix-Matrix_Product

Matrix-Vector Multiplication

a1 Gz - Q1p [ b1 \ / 1 \

a21 A2 - A2n b2 €2

A= , b= , c=Ab= ,
| Om1 Am2 *°° Omn | \ bn ) \ Cm )

Rules:
|.b is a column vector with as many w
rows as there are columns in A C; = g A;ib;
2. c is a column vector with as many j=1 )

rows as there are in A.

. Exanjple:. < '’ ) { cosf)  sinf } ( T )
Given coordinates in (x,y), , —
Yy (x,y) = (1,1)

find coordinates in (x’,y’). —sinf cosf Y

O t v

pY ' = xcosl+ysind (y?) = (77

Y .
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. Rules:
Example: L .
7 . b is a column vector with as many rows
1 5 2 as there are columns in A
3 2 10 2. c is a column vector with as many rows
4 as there are in A.
Can they be multiplied (rule 1)? n
- i =) Aijb;
What size is ¢ (rule 2)? C = ; j=1
2

7 7
_ @5 2) _ [15 2 _
A‘[3210 b=111 A (3 2 10) b L
4 4
3 —rt 3 \—/
Cl — Z CQ — Z
— A1,1b1+A1,2b2+A1,3b3 = A2,1b1+A2,252+A2,353
= 1-74+5-14+2-4=|20 = 3-74+2-14+10-4=|63
(20
,,,,, o “=\ 63
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Matrix-Matrix Multiplication

ail a12 Ain 511 b12 ble
a1 a9 aon 521 522 bze
| Um1  Am2 Amn i bnl bn2 bné i

Matrix-matrix multiplication: C;; =" 4, v By,
k=1

Rules:
|. B has as many rows as A has columns.

Matlab command:
C=A*B;

2. C has as many rows as A and as many columns as B.J
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, 1 2 2 4 10 Rules:
Example- A= { 3 5 } B = { 6 3 1 } |. B has as many rows as A has columns.
2. C has as many rows as A and as many
Can they be multiplied (rule 1)? columns as B.
n
€11 €12 €13
M M 7 — Y Y Y L
What size is C (rule 2)? C [ o1 Con Cos ] Cyi = Z A; 1By
k=1
2] 4 10 2 (4] 10 2 4 [10
3 9 6) 3 1 3 9 6 |3) 1 3 6 3 |1
2 2 2
C1,1 — Z Al,kBk,l C12 — Z Al,kBk,Q 1,3 — ZAl,kBk,i%
k=1 k=1 k=1
= A11B11+ A28 = A11B12+ A28 = A11B13+ A1 2853
= 1-24+2-6=|14 = 1-44+2-3=]10 = 1-10+2-1=12
1 2 2 4 10 1 2 2 4] 10 1 2 4 (10
6) 3 1 6 13) 1 6 3 (1
2 2 2
C21 = ZAZ,kBk,l Coo = Z Ao By 2 C23 = ZAQ,kBk,B
k=1 k=1 k=1
= A91B11+ A28 1 = A 1B1o+ As2B59 = A91B13+ A22B53
5 = 3-245-6=|36 = 3:-4+5-3=|27 = 3-10+5-1=35
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Vector Operations - Dot Product

¢ Dot Product (inner product, scalar product)

Ay by -
H .
e b — a, || b, | =asbs +ayb, +asb. A few other useful tidbits:
H
L az | [ b Teb = |a||blcosh
° C= . — —
c=dot(a,b); — o7 - Bew
* c=sum(a.*b);
n
o | : L 2
if a & b are column vectors a = Z a3
» c=a’*b s the dot product (Why does this work?) \ i=1
Y1 a A
a-1 = ag-l+4+ay,-0=|a,
& “
a-7 = agp-0+ay-1=]ay
v,
N )'x “
1 unit vector in x direction. Ay = |4 Z‘ cos 0/

A

U J unit vector in y direction. Ay = a ]‘ COS v
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Vector Operations - Cross Product

¢ Cross product (outer product, vector product)

A

a/ybz - alzby —

a = a:,fi +a,]+ ak
a X ? = | a,b, —a,b., N . yA] R
azby — ayby | b = byt +0byj+0bk

* c=cross(a,b);

* Rules:
» If ordering is forward (i j k i j k) then sign is positive.
» If ordering is backward (k j i k j i) then sign is negative.
» i1 jj kk are zero.

* The “right-hand rule”

A few other useful tidbits:

— —
axb @ x b| = |d| bl|sind
= b — —
" 5 axb = —bxa
bxa -
=—axb
Y
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