
↑2023:Second-order optimization, Softmax Regression

only use firstderivative

Q:Why most we take small steps?ecotcaient
descent forover option

A:Frst-order approxis
not thatreliable when

taking large step
Q: Can we make a better

First-orderTaylor expansion approximation?
y
=f(v) +(X-v)f'(r) constant

/

Second-order Taylor expansion
f(v) +(X - V)v) +c(X-V)(V)y

= I
Advantage:this

has a global minimum if f(v)>0

-Forithm (Newton-Raphson method in ID)
Guess a pointx() (eg. 0)
for fil,...,L compote second-order approx. tofatostixandreturn XA mnimizer of this

takemivatosaniedorone



↑zoton-Raphsonin 19

# Secondderivationtoexpansion?
isMinimize

AsianMatrix.For a function of:*1R,
the Messian H(f) is a did matrix

where M(*i) =15c, f(x)
Example-
f(x) =x,+5x, X2

ii.----
-- -3

min

#f =5X,4
2xz

↳,z
=10x

6X, + 10X2 10X1
H(f) = [ 10x, o I



Second-order Taylor Expansion in (R
Letg =7x(), H =H(f)(v)

f(x)=gT(X-1)
+12x-1.Herre

|xd
In general, the

expression

iscalledantananticform(benemazonsee
dxd dxl[ a quadratic)
2Au

->
⑨

minimizing the taylor expansion

compute gradient, setequal to

+ H(X-V) =0g

#H-g Updaterunin

#Raphson vs. Gradientresent
①(2) memory o(d) memory
to store H

Second-order methods expensive when is large

In practice:use a low-rank approximation
to M

thattakes Old] memory
L-BES:Approximate

1 +conservative
update

↑ Limited
Name of

Algorithm
memory



↑nouncementscoctions
- Grades by thurs.L
Section Fri

HW1-Out toright(due Feb7)
-
·

softmax Regression ("Multimonial logistic Regression")
classclassification:(differentclasses
· Handwritten digit -> 20,1,2,..., 9] (c =10)
· Image -> Cbird, mammal, reptile,.... I

#Seisenborn PredictycrI
dot product with wone

measures how much you
look like classI



SoftmaxRegression:parameter vectors
(C] d

w(,..., w cR

total cad parameters-W
whixmeasures how much Xlooks like class j
X2a DecisionRule:Livex,

Compote WIDTx, ..., wITX
(5)
W return;with largestwish

Probabilistic Story:1.yo"
pHi*- w()

! -w1TX =1 -> exp2.7 -> p(y+(xiw) =27<-
W(LTX =

- 3 -> exp = 0.1 -> p(y=2 (X; w)=.01

&x =1+7.4-p(y =3(Xin)*2 1Sum 10.2

/
Maximum Likelihood Estimation softmax

NLL(W) = - z log P(y =y
() (x";w)

function

"negative
log
like [hood 1/

= - zw(y())
+

() - locsexp(w(
+

x")
want to I=1

minimize our loss
function!

-

enttime:

T()NLL(v) = - z

I(y(=j7.x()
i =1

(Do this

Everyj) pluxisexploitec).x)e



= (px"jw) - 1(y)=j]) X
")

between 0 &I

If ylif; then positive.x* => GD subtracts
(i)

multiple of X

negative.X
(i) => GD add (i)yes;then multiple ofX

w(t) <w(t
-)
- y.7 +

(w(
-

1)
-


