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O =(0,0)
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Pythagorean theorem
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Pythagorean theorem

triangle area




Pythagorean theorem
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Pythagorean theorem Se = (a + b)?
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Pythagorean theorem Se = (a + b)?

S =4S, = 2ab
S=Sg—S.

c="7

Zab — (a+b)2—C2 a




Pythagorean theorem Se = (a + b)?

S =4S, = 2ab
S=Sg—S.

c="7

2ab = a? + 2ab + b% — c? a




Pythagorean theorem Se = (a + b)?

S =4S, = 2ab

S=5.—5,

c="7

2ab = a? + 2ab + b% — c? a

c? = a® + b?
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e direction

* magnitude / length

|| = V42 + 22
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Fuclidean vector
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* magnitude / length
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3] = Vx2 + 22 = /32 + 42




Fuclidean vector

e direction

* magnitude / length

2
Bl = \/x/xz +22 +y?
3] = Vx2 + 22 = /32 + 42




Fuclidean vector

e direction

* magnitude / length

Bl = Jx2 + 22 + y2 = /32 + 42 4 22
3] = Vx2 + 22 = /32 + 42




Fuclidean vector
v=(4,?2)

e direction
. v =(4,2)
* magnitude / length

17:(4/2) T})=(4, 2)

0= (0, 0) X




#include <stdio.h>
#include <math.h:

class Triple {
public:
float x, y, z;

Triple() : x(e), y(8), z(e) {}

Triple(const float x, const float y, const float z)
: x(x), y(y)s z(2) {}
s

class Vector3D: public Triple {
public:
Vector3D(const float x, const float y, const float z)
: Triple(x, y, z) {}

float magnitude() const {
return sqrt{x*x + y*y + z*z);
¥
};

class Point3D: public Triple {
public:
Point3D(const float x, const float y, const float z)
: Triple(x, y, z) {}

Point3D translate(const Vector3D &vector) {
X += vector.x;
y += vector.y;
Z += vector.z;

}

Vector3D operator-(const Point3D& p) const {
return Vector3D{x - p.X, ¥ - p-¥, Z - P-Z);
¥

int main(void) {

Point3D pe( e.ef, o.ef, 1.ef);
Point3D pi( 1.ef, 2.ef, 3.8f);

Vector3D v = p1 - p@8;
printf {"v=(%f, %f, &F)\n", v.x, v.y, v.z);//v=(1.060088, 2.0800868, 2.880680

pe.translate(v);
printf (“pe=(%f, %f, %¥f)\n", po.x, po.y, po.z);/ //po=(1.000000, 2.000008, 3.00P006

v.translate(Vector3D( 1.8f, 2.ef, 2.8f)); Jerror
float len = p@.magnitude();  error

return 4;
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e direction
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* magnitude / length
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* magnitude / length
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e direction
L, v (4,2
n=-—=

v 245

* magnitude / length
D] = 42 +22 = 2V5

il = () + () =




Normalized vector

e direction
n=-—=
v 245

* magnitude / length
¢ =+/4%2 +22 = 2V5

e scalar vector multiplication
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cn =7

S

v =(4,2)

0= (0, 0)



Normalized vector

e direction
n=-—=
v 245

* magnitude / length
¢ =+/4%2 +22 = 2V5

S

v =(4,2)

e scalar vector multiplication

4
25" 24/5

cii=2V5( )= (4,2) =D

0= (0, 0)
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Normalized vector

* direction
w27
n=-—-=
wl V5
* magnitude / Iength ?
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e scalar vector multiplication

W21 = (1)
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vector (1,0,0) (0,1,0) (0,0,1) (1,1,1)

8| http://m.wolframalpha.com/

Input interpretation:

(1,0, 0), (0, 1,0, (0,0, 1), (1, 1, 1)}

Vector lengths:

(1,0,0) 1
0,1,0 1
0,0,1) 1

1,1, 43

= (1.1.1)

* Linear combination

e; =(1,0,0)
e; =(0,1,0)
ez =(0,0,1)

* xes +ye; +ze3 = (x,,2)
re;te;+ez=(111)




Matrix

* rectangular array arranged in rows and columns
(1 2 3)
4 5 6

* Hrows =2
e # columns =3



Matrix

* rectangular array arranged in rows and columns
(1 2 3)
4 5 6

* Hrows =2
e # columns =3

2 X3



Matrix

* Transpose



Matrix

* Transpose

3 X2
e vector as a matrix

1
(12 3)! = (2)
3

3 X1



Matrix

* Matrix = 2D array
1 4
3 6

e \Vector = a row or column

9



Matrix

2x —y =0
2x +y =2

plot {2x-y = 0} {2x+y = 2}

2x-y=10
plot
2x+y =2
*._x
k".
LY
L
1 \
= 1.0



plot {2x-y = 0} {2x+y = 2}

Matrix
2x +y =2

multiplication



Matrix

2x —y =0
2x +y =2

multiplication
(2x+3)=G C)

G 1)6)=0G)



Matrix
G 6)-0

1

G

1 1

N(l - O)N(l - o)N
0 2 2 0 1 1

N(l 0 g)

0 1 1

plot {2x-y = 0} {(2x+y =2



plot {2x-y = 0} {2x+y = 2}

Matrix
1
(2 _1 O)N 1 - 0 ~ plot z:::z
2 1 27\, 2 "
, 1 ) , 1 ) S
0 2 2 0 1 1
1 0 L
0 1 1
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Matrix
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plot {2x-y = 0} {2x+y = 2}

Matrix
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plot {2x-y = 0} {(2x+y =2
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plot {2x-y = 0} {(2x+y =2
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Matrix

plot {2x-y = 0} {2x+y = 2}

= Oz
t interpretation
2x-y=10
plot
2x+y=2

N
P N
4 N
, N
, N
, N

<l



plot {2x-y = 0} {2x+y = 2}

= O

Matrix

Input interpretation:

2x-y=10
plot
2x+y=2
0 > 15 — —
Implicit plot: (2) = 1v + Eu = 081 + 282
20— @
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Matrix as a transformation

¢
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Matrix as a transformation




Matrix as a transformation




Matrix as a transformation

(COS 45° —sin 450)
sin45°  cos 45°



Matrix as a transformation

T a0



Matrix as a transformation

1
f (D”
V2

1

T | V2
| L
2

Nl = Sl



Matrix as a transformation

1 1
V2 V2 (1)2(0)
1 1 T\ \\V2
1 1
ul {1 ["1V] 1
V2 2



Matrix as a transformation

(6 2) ()=



Matrix as a transformation

G 2 6))




Dot product

a, b
C_)l — (ay) ) b=1|Db
a; b

by

i b= (ax aya,)| by | = ayby + ayb, + a,b,
b,

N R
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Dot product

er-w =(1 0)(§)=4
& -w = (0 1)(‘5):2 1

2e,

W= (4,2)

—

4deq




Dot product




Dot product

&-w =(10)(3)=3

W| =+/32+32 =32

lW|cosa =e; - w

= cos 45°




Dot product

3w =01 0)(§)=3
vew = |v| |w| cos O

W] =+/32 432 =32

—>

lW||[V|cos@ =v-w

vw 3
— = — = cos 45°
Wl  3v2

v



Linear interpolation




Linear interpolation




Linear interpolation

* Fort € |0,1]




Linear interpolation

* Fort € |0,1]
et=20




Linear interpolation

* Fort € |0,1]
et=1




Linear interpolation
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* Fort € |0,1]
ot:%




Linear interpolation

* Fort € |0,1]

1
ot=_
4




Linear interpolation

* Fort € |0,1]

?
0t=

A w




Linear interpolation

* Fort € |0,1]
et =0> 1vy + 0V




Linear interpolation

* Fort € |0,1]
et =0> 1vy + 0V
et =1>= 0vy + 1v;




Linear interpolation

* Fort € [0, 1]
et =0> 1vy + 0V
et =1>= 0vy + 1v;
* avy + bvy




Linear interpolation

* Fort € |0,1]

. avg + b,

<l

U =g+ 1




Linear interpolation

* Fort € |0,1]
* av, + bv;
* Uy + tu

U =g+ 1




Linear interpolation

* Fort € |0,1]
* av, + bv;
* Uy + tu

U =g+ 1




Linear interpolation

* Fort € |0,1]
* avy + bv,
* vy + 1u

U =g+ 1




Linear interpolation

* Fort € |0,1]

. T; = avg + bv;

¢ v1=v_0)+ﬁ>

<l
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Linear interpolation

* Fort € |0,1]

* U, = avy + bv,
c VU =Vy+ U

<l




Linear interpolation

* Fort € |0,1]

<l




Linear interpolation

* Fort € |0,1]

<l




Linear interpolation

* Fort € |0,1]

vV, =Vt U
¢ ﬁ=v1'—v0
* U = Vg + t(V1 — Vo)
* V. =7V, + tv] — tv,
* V. =TVgy — tvg + tv;

<l




Linear interpolation

* Fort € |0,1]

=V + U
=V1>—V0
—

Vg + tv, — tv,
=Ty — tVy + tVy
(1-t)vg + tvg

<l




Spherical linear interpolation interpolation

y
* Fort € |0,1]
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* Fort € |0,1]

* [vol = |v1]
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* Fort € |0,1]

* [vol = |v1]
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* Fort € |0,1]

* [vol = |v1]
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* Fort € |0,1]
+ vl = 73]
cO0=a+p
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* |vol = |74l
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* Fort € |0,1]
* |vol = |74l
c 0=a+p




Spherical linear interpolation interpolation

y

* Fort € |0,1]
* |vo| = V4]
cO0=a+p
— _ sinff —
W1 = sin(a+pf) V1




Spherical linear interpolation interpolation

Y
* Fort € [0, 1]
* |vo| = |v4]
c 0=a+p /
— Sinﬁ — / v_t)

°* Wi = v
1 sin(a+p) 1




Spherical linear interpolation interpolation

y
* Fort € |0,1]

* [vol = |v1]

D,
o 9 — a + ﬁ / /1
. W) _ sin ﬁ v—) ; /
L™ sin(a+p) 1 =




Spherical linear interpolation interpolation

y
* Fort € |0,1]

* [vol = |v1]

Y
o 9 — a + ﬁ / /1
. W) . Sln ﬁ v—) S /!
L™ sin(a+p) 1 =
. sina — Vo

Wy = v
0 sin(a+f) 0




Spherical linear interpolation interpolation

y
* Fort € |0,1]

* [vol = |v1]

. W) . Sln ﬁ v—) 2 /!
L™ sin(a+p) 1 =
. sina — Vo

Wy = v
0 sin(a+f) 0




Spherical linear interpolation interpolation

y

* Fort € |0,1]

* |vo| = [vy]

cO0=a+p
— sinff —

Wi = v
1 sin(a+p) 1

- sina —

A
[
S
_I_
S




Spherical linear interpolation interpolation

y

* Fort € |0,1]

'WM=WH

cO0=a+p B
o = sin oo sin 8 2 Ut
t = sin(a+p) 0 sin(a+pf) .




Spherical linear interpolation interpolation
y
* Fort € |0,1]
+ vl = 73]
cO0=a+p




Spherical linear interpolation interpolation

y

* Fort € [0, 1]
* |vol = 7]
cO0=a+p
*t=0=>v =7




Spherical linear interpolation interpolation

y

* Fort € [0, 1]
* | = |77 B
c O=a+f V1
cet=0=>0=«
e O=a=>=0=0t v{
._>_sina:_> sin f —s a
vt_sinﬁvo-l_sinBU1




Spherical linear interpolation interpolation

Y
* Fort € [0, 1]

+ |l = |77 B

s 0=a+pf V1
ct=0=>0=a

c O=a=>B=0=1t0 o
v_g:s?nav_(; si-ntev_{ a

sin 6 sin 6




Spherical linear interpolation interpolation

y

* Fort € |0,1]
* |vol = |74l
c 0=a+p




Spherical linear interpolation interpolation

y

* Fort € |0,1]

* [vol = |v1]

c 0=a+f Ut
e 0=F=>a=0=(1-1) U
.v_t>251n((1—t)9)v_0>

sin 6




Spherical linear interpolation interpolation

y
* Fort € |0,1]

* |vo| = |vq]
c 0=a+f Ut
°t=%=>a=,8

. _1 _1 Vo
‘C(—ﬂﬁd—;/\ﬁ—z a
. b
. sin— sino __|
V= —2V,+—27;




