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What 1s a matrix?

matical objects with operations

n computer graphics:
es a coordinate frame
es a transformation

tool for manipulating transformations
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Matrix

rectangular array of elements
. quantity (value, expression, function, ...)
€s:
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Matrix

trix: » rows, ¢ columns
ent at row i and column ;.
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Matrix

Atrix: 7 rows, ¢ columns
ment at row i and column ;.
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Matrix

trix: » rows, ¢ columns
ent at row i and column ;.
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Matrix

trix: » rows, ¢ columns
ent at row i and column ;.

m22 M mzcl y TOWS
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Matrix

tor: ww=  Row vector:
c =1 matrix with » =1

V=[v1 vy, K vc]

Scalar:
matrix with »=1and c=1

- V=[]
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Matrix

s collection of column vectors:

ux Vx WX
A\ W]: U, Vv, w, w
_MZ V, Wz_ 4

ontains an axis-frame:
v U
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perations on matrices

lication with scalar

x-matrix multiplication
¢ difficult, but the most important
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lar Matrix multiplication

multiplied with scalar s:
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ay dpp

25%)
X

253
X

arl
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ayy + by
dyy +by

A

B arl + brl

B a ] [by by F
A ay N by1 by ¥
A X A
A arc_ _brl br2 A
ayp+by, N a +by
Apy +byy W ay, + by,
X X
ar2 + br2 N arc + brc |
—10 3x+4 2
0| 8 2y

Scalar Matrix addition

blc
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Scalar Matrix addition

ay ap Woa ! by by Wb
by by ¥ by
A A

c
ay ap N a
X

c

_|_

arl ar2 X arc brl br2 A brc

- - _
ay +by o ap by N a by
\Y
Ay +byy ayy +by N ay, +by,

. ,Le., m; =ay +by-
N

Z

Y
_arl + brl a,n + br2 i Ay + brc N

clements pairwise
must have the same number of rows and columns
1zation of vector and scalar addition H&B A-5




Matrix Matrix
— multiplication
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trix Matrix multiplication

ay ap W oeay, |[[|bn| b2 B by,
‘a21 ay, M a2n| by1| by K b2q
X X X M| K X

a,, W a,, éLl bpz X bpq_

i =2 k> j=1;k|

roduct of row vector a and column vector bj
s A must be the same as #rows B: n = p
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trix Matrix multiplication

[ 2x14+3x3

—Ix1—-4x3 —-1x2-4x4

i Ox1+5x%x3

2x2+3x4}

0x2+5x4]
i=3, j=2

1116
~13 —16
15 [20
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trix Matrix multiplication
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trix Matrix multiplication

3].B=|5

3]|5|=[ix4+2x5+3%x6]=[32]
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trix Matrix multiplication

3].B= AB # BA

N /

3]|5 |=1x4+2x5+3x6]=[32]

4x1 4x2 4x3] [4 8 12
2 3]=|5x1 5x2 5x3|=|5 10 15
6x1 6x2 6x3| |6 12 18
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trix Matrix multiplication

= AB+AC
atrix multiplication is distributive
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mple transformation sequence
(coordinate version)

X'=px+qy, yY=rx+sy,
x"=ax'+by', y'=cx'+dy'.

«~— X:
+qy) +b(rx +5y), Unclear!
+qy)+d(rx+sy); - Error-prone!
br)x +(aq + bs)y,
dr)x + (cq +ds)y.
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mple transformation sequence
(matrix vector version)

A
el

bllp q||x| |ap+br aq+bs||x
dl|lr s y_cp+dr cq+ds ||y
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mple transformation sequence
mpact matrix vector version)

X'=AX;
: X"'=BX'
«— X:

Here some more detail :
_)C xv )C”
B y y
i b

A= P q} B = {a } .
ros c d

ector notation allows for compactness

ericity!
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Matrix Transpose

a X .
12__ Le Transpose matrix:
6122 X :z2c e
- - Interchange rows and columns.
A A
7 X ¢ matrix M — ¢ X r matrix M!
%) re
an| ¥ fa,
22 dpo | . T
JLe., my =my
X i
2c i arcL

ro[1 4] (X
12 3] |, -
5 6} ) I A H&B A-5
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Matrix Inverse

gebra puzzle. Let ax = b. What 1s x?

—bh  Multiply left and right with ¢
—a”'p Usea'a equals 1

—a”'b Done

ebra puzzle. Let MU = V. What is U?

\% Multiply left and right with M ™!
MV [UseM™'M equals I
M~V Donel!
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Matrix Inverse

a nx n (square)matrix M 1s denoted M with
M=

the identity matrix :
N 0]
O . 1 ifi=j
: 16, Il] - L .
0 ifi#j
X 1]

onal matrix, with all1's on the diagonal.

oes'"the effect of M,

with I has no effect.
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atrix Inverse examples

/4] -

o2 -
=572 3/2
2 —1} {3><2—2><5/2 —3x1+2x3/2}_{1 0}

5/2 3/2| |5x2-4x5/2 —5x1+4x3/2| |0 1
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atrix Inverse examples

d —-b ad —bc —ab+ba 1 O
H J-cei-sofy

—ab+ba —-cb+ad

Does not exist, cannot be inverted.
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Matrix Inverse

not always exist

eral: if determinant = | M | = 0, matrix
t be inverted

¢ forn =1 and n = 2: easy
¢ for higher n: use library function

ant special case: orthonormal matrix.
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Overview

Inates, points, vectors
nitions, operations, examples

CCS
nitions, operations, examples




