
CS 378 Lecture 4

Classification 3 :

Multi class

Announcements
A1 one week

- Social impact response :

in- class Thurs / open
for a week

- Seating chart

Recap : Logistic regression
Jtf (E)

Ply -_ + III)=¥⇒⇒
'"ÉÉ

Train to maximize likelihood of data :
D

Max# Ply -- y " ' II
' "/⇒ Jin E- log P(y=y" 1¥)Ñ

-1=1



Update from SGD :

Ñ←w+✗ff×"Y( I - Ply = -111×-01 )) if y
'"=+l

←J-xffx "'/ ( 1- P(y= -11×-011 ) if y"'= -1

Connections to perceptron (see video /
lecture note)

optimization : far now
,
SGD w/tuned

step size . Later : better methods

convergence is always imperfect in
this course !

today Multiclass classification
ME Perce

MC LR
MC examples



Multiclassclassificatimspaa-tHE-y.EE
""

33,3

output space Y= { 1,43}
one - vs - all : each class has a binary

classifier "

in or out
"

t¥¥, ,

± - is it 1 or 2 ?

We won't do one- vs-all,

too wacky .

Keyidea Two ways to think about MC

one weight vector per class
[differently
weights

diff. feature vector per
class for the

same example
(diff

. features)



Differentweigt.tw
, ,Ñz ,
I
} weight vector per class

predictedlo.be/=angmaxffYEY=ytf#
loop over YEY , compute , take

the highest index
returns either 1,2 , or 3

EI FLI) = [ 1,40]

WT = [ 2 , 5.6, -3] 5<=[1.3-3-1,57]

score for class 1=7.6 class 2=-1.9

⇒ return class I



Different features one J, each class

g-iesd.EE feats to an ex

predlo.be/--ar9ma+w-tf(x,y#-yc-y
EI topic classification

y= { health, sports,
science)

I 2 3

I =
"

too
many drug trials,

too few
patients

"

f- (E) = [ drug patients baseball ]
= [ I 1 0 ]

Diff fats : copy
- pastes ft) for each

class



f- (I,y1= [ - - - , - - - , - - - ]
health sports science

f- II, y= health )= [ 1) 1,0 , 000
000]

f-(I,y= sports /
= [010,0 , I , 1,0, 0,90]

f-(F) y= science ) = . . .
-

- u

Ñ = [ 2 , 5.6, -3 , 1.2, -3.1 , 5.7, - . .]

w→f(Igy= health ) = 7.6

HI , F- sports)=
- 1. gw-tfb-iy-s.it

Why ?eig:eoral net
Diff feats : Eisenstein book

,

structured prediction
[sequence of POS tags)



Multiclassperceptron-cd.fr . weights /

for t in epochs :
for i in data :

G- lil , y
"'t

y pred = argm
"

ñyTf(F)yey
if ypred =/ y

' " :

Ñypree ← Ñyprea
-

✗ f- (E)

Ñyci) ← Tyco + ✗f- (E)

Ypred
-_ 2

Til¥¥÷¥ii" "



ÑI

•
y

¥→
Multiclasslogistic-Regres.in

My -71×-1 __É¥,
prob. dist' y'EYover the

classes EWTTFII )

P(y= class 1 II / =-ew-ifk-l-ew-iflx-fe.ws#H

Is it a probability distr ?



Update from SGD :

suppose we have (Ic" ,yciY
⇒ make an update

Tyco ← w-ycii-xflx-ciyfl-ply-ya.tl,
for all other y

'
:

- -

Ty , ← Ty ,
- ✗ f- 1×-0)P(y=y ' II"')

E± Probs [ 0.9 , 0.1 , 0)

y
"1=2

Iz
"

add 0.9
"

Ñ
,

"

subtract 0.9
"

J
,

"

subtract 0
"



Insta poll :

single ex (I , y ) = [ 1 I 0 ]
,
class I

WT =w_z=ñ, = [ o o o] to start

① Probs = [ '13, 43
,
's]

② After one update :
T ,
= [ 43

,
43
,
0)

I
,
= £13 , -113 , OJ

53 = [- 113, -113,0)

③ What happens ?


