
4 – Arbitrary Rotations, 
Stacks and Graphs
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Readings

• Review Math (chapter 2) as needed
• Quaternions: 16.2  (ways of representing arbitrary rotations)
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"

get big picture
"



A1(a): Transformation Matrices
A1(b): Projection and Line Drawing
A1(a): implement common transformations and matrix multiplication
A1(b): implement common projections and transform lines by
projection and matrix transformations

A1(a) released this evening, due next Saturday midnight
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Arbitrary Rotations
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basic Rx
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ginble leak
"

unit vector ± I 1 length I

Ñ - (¥ if >E) ↳ VEEiii. 1
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y unit length want to rotate D- to
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R.hn : [a;] a- •4,0;D

r[÷:i1f÷÷÷÷g=[;J[;]001 I

RA → [1,0/1]
RB → [ a,H ?

R"=Ñ=[÷gi÷⇒
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Goal : rotate (theta
,
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form N

ifeng.fi?;;Y.Bn--retateXCthetdN--( 1 , 0,0 )
else

Rg - R ,
" ← matrix inversion

for flotation matrices
Ri ' =RF

R = Rs R&R,
rotate Ctheta, A)



Rotation Interpolation: Quaternions
(problems solved: interpolation of matrices, gimble lock)
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f- (s,x,yR)
interpolation problem as well

matrices ⇒ difficult because we can't

interpolate
at as if i do

[:B⇒ LE ;] . . fgq] pointwise
interns .



Copyright 2021 Blair MacIntyre ((CC BY-NC-SA 4.0))



Direct Rendering with Matrix Stacks (OpenGL)
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fwnutisquare C) {
Begin shaped :
startpoint 1, 1)

,
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End shape C)
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init a 11 G-I
flee, too) scaleCloe, /ee) 4C •S

a|^ squared

Glee
j

C = current
transform

an vertices (Ag) are
transformed by C P : c.P
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doubleSquare
onto a stack

hµs,☒.

Pash → copy
# C & push

[
scale (as,eµ)

squalid
pop C)

squared

pushtranslate (2,2)
double square
pop



Scene Graphs (Unity, Three.js, Babylon, etc)
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Éj¥ipi€¥→ Go 's , object3D , . . .

base abject
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Two kinds of Graphics Libraries

→ immediate Mode
→ canvas

,
WebGL
, OpenGL

"

the Comando k issue are executed
immediately

"

→ Retained M.de
Build agraph

→ Three:p , Unity i ' - -

the systefehde.rs
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With a 8.G.
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