
2/3: 5013) (cont'd), unconstrained opt.

Announcements:

- HWI out, due 2/12 (Thurs)

Last time:
- Defining 50/3)

- exp/ log maps
Today:
- Gradients, integration on 5013)
- Fundamentals of unconstrained opt.



Def/"Rotation matrix so (3)

A matrix RE 1123×3 is a rotation
matrix it: R = [ ; j, z]
i) RTR = T

ii) det (R) = + 1

[0 -w3 w2
R (t): trajectory

R(E) = R(E) w^ (w^)I w
wxr= wt. r

w, re 173

w^ =
w3 0 -Wp

- W2 W, O



Last time we drew a picture

•

S' = {KEIR'/ to = 1}

⇐ (atx) ⇒ 2 Itx = 0

Tx = Ev /vtx = o}

u looks locally linear"

E = [1,07T

exp (o) = cosoexp: Te

E

> s'

sino

Coso, sino

log:S'→ Te = exp"
= log ([;]) = atenzles

IR



For 50 (3) , we need the same game

E= Is
exp: so (3) → 5013) : matrix exponential

expm
log: so (3) → so (3) : matrix log

Def/ s0_ (3) = {SEIR 3×31 St ST = 0}

Defl (Box plus)

⊕: 50(3) ✗ 1123 → 5013)

R⊕SR = R-exp (Sri)



Defl (Box minus)

⊖: 50137 * 50 (3) → 1123

R., R, ← 5013), R, ⊖ Rz = log (R,TRz)"

Bad example: 11 R, - Rz /If

x ⊖ Z
x

z

⇒ x "• x

x'? z

R (t) = R, - exp (t. 8Riz)

R/0) = Ri , R (1) = R,



e.gl (Derivatives on 5013))

Recall: f: 112" → 112m

of = 112m" , [ji,.. _, in]
Ox
ji = him flathei)-f (x)

n → o h

For: f: 50/3) → 112m,

can define Jacobian oarf = 114m³= [51,52, is]

ji = him f- (Rohei) -f (R)
n→o

n



ji = him f- (Rohei) -f (R)
n→o

=
him f- (R-exp (heil) -f- (R)
n → 0

n

h

f- f (R-explac))

2x X = 0



TPS: An easier way to optimize
rotations would be to
parametrize them with exp

06m³ R = exp (o)

min f (R) ⇒ min f (exp/o))
RESO (3) OGIR?

Pros: Simple, remain on 5013)

cons: To explo) poorly conditioned
as 11011 → IT.


