
Computer Graphics - Excercise 1

1.1.1

a)

• Matrix Multiplication =̂ transformation

• Inverse of a transformation T̃−1

⇒ T̃ ∗ T̃−1 = T̃−1 ∗ T̃ = Ẽ | ∗p̃

T̃−1 ∗ T̃ ∗ p̃ = Ẽ ∗ p̃
∣∣∣ T̃ ∗ p̃ = p̃′

⇒ Ẽ ∗ p̃ = p̃, T̃−1 ∗ p̃′ = p̃

b)

For R1 ×R2

a b 0
c d 0
0 0 1

×
e f 0
g h 0
0 0 1

 =

a× e+ b× g a× f + b× h 0
c× e+ d× g c× f + d× h 0

0 0 1


For R2 ×R1

e f 0
g h 0
0 0 1

×
a b 0
c d 0
0 0 1

 =

a× e+ c× f b× e+ d× f 0
a× g + c× h b× g + d× h 0

0 0 1


⇒ R1 ×R2 6= R2 ×R1 ⇒ does not commute
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For T1 × T2

1 0 a
0 1 b
0 0 1

×
1 0 c
0 1 d
0 0 1

 =

1 0 a+ c
0 1 b+ d
0 0 1


For T2 × T1

1 0 c
0 1 d
0 0 1

×
1 0 a
0 1 b
0 0 1

 =

1 0 a+ c
0 1 b+ d
0 0 1


⇒ T1 × T2 = T2 × T1 ⇒ does commute

For S1 × S2

a 0 0
0 b 0
0 0 1

×
c 0 0
0 d 0
0 0 1

 =

a× c 0 0
b× d 0 0
0 0 1


For S2 × S1

c 0 0
0 d 0
0 0 1

×
a 0 0
0 b 0
0 0 1

 =

a× c 0 0
b× d 0 0
0 0 1


⇒ S1 × S2 = S2 × S1 ⇒ does commute

For R× T

a b 0
c d 0
0 0 1

×
1 0 e
0 1 f
0 0 1

 =

a b a× e+ b× f
c d c× e+ d× f
0 0 1


For T ×R

1 0 e
0 1 f
0 0 1

×
a b 0
c d 0
0 0 1

 =

a b e
c d f
0 0 1


⇒ R× T 6= T ×R⇒ does not commute

2



For R× S

a b 0
c d 0
0 0 1

×
e 0 0
0 f 0
0 0 1

 =

a× e b× f 0
c× f d× f 0× e+ d× f
0 0 1


For S ×R

e 0 0
0 f 0
0 0 1

×
a b 0
c d 0
0 0 1

 =

a× e b× f 0
c× f d× f 0× e+ d× f
0 0 1


⇒ R× S = S ×R⇒ does commute

For S × T

1 0 a
0 0 b
0 0 1

×
c 0 0
0 d 0
0 0 1

 =

c 0 a
0 d b
0 0 1


For T × S

c 0 0
0 d 0
0 0 1

×
1 0 a
0 0 b
0 0 1

 =

c 0 a× c
d 0 b× d
0 0 1


⇒ S × T 6= T × S ⇒ does not commute

1.1.2

a) 1 0 0
0 1 0
0 0 1

×
x1 x2 · · · xn
y1 y2 · · · yn
z1 z2 · · · zn

 =

x1 x2 · · · xn
z1 z2 · · · zn
y1 y2 · · · yn


b)

x1 x2 · · · xn
y1 y2 · · · yn
z1 z2 · · · zn

×

1
1
...
1

 =


∑
i=1

xi∑
i=1

yi∑
i=1

zi
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c)

M̃ =


M11 M12 M13 tx
M21 M22 M23 ty
M31 M32 M33 tz
px py pz 1

 ; e =

 5
10
5

 = t; p =

0
0
0



zφ =

0
0
1

× px

1× |px|
⇒

cos(zφ) −sin(zφ) 0
sin(zφ) cos(zφ) 0

0 0 1

 = Rz

yφ =

0
1
0

× px

1× |px|
⇒

 cos(yφ) 0 sin(yφ)
0 1 0

−sin(zφ) 0 cos(yφ)

 = Ry

xφ =

1
0
0

× px

1× |px|
⇒

0 0 0
0 cos(xφ) −sin(xφ)
0 sin(xφ) cos(xφ)

 = Rx

M = Rx ×Ry ×Rz

Berechnung für:
p1 = (−1,−1, 1); p2 = (2, 1,−2); p3 = (2, 1,−3); p4 = (−1,−2, 1); p5 = (3,−1, 0)

⇒ V ector =


p1 × M̃1

p2 × M̃2

p3 × M̃3

p4 × M̃4

p5 × M̃5

 =


6.323746006808568
2.672777625063053
1.6528549605644152
6.432049954608068
4.731031538265404


⇒ zfar = p4 = 6.432049954608068; znear = p3 = 1.6528549605644152
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