
-023 : Classification

Gode : Predict "label" or "class" for each input
from a discrete set of options

- Tumor : Benign or malignant? J Binary.Classificationee-Email : Spam or not spar
?

- Handwritten digits
:

O?"eification problem
·

Image : Bird , snake, dig ,
...

multi-class classification
>2 possible labels

Binary classification
· One labe is y=1"positive"
· Other labd is

y
= = 1 "negative"

( can also use y
=0)
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Machine learning goal : an wed
,
baR such that

the decision bordary correctly separates t's and -'S



model predictions :
If wix+ b >0 predict y = 1

If wix+b SO predict y = -1

Maximum Likelihood Estimation
-

Same idea as linear regression,
just need a different probabilistic story

= 6(wix)p(y = /x ; w) =
plowix -We S

-
/

omit b for same ↑"sigmoid" Or
reason as before "Logistic"

function
--

where 6(2) : ite Convenient fact:

-6(2) p(y(x ;w) = 6(ywix)
---------------

If y
= 1 , clearly true

T-> y
= -1

,
6(-wix)- etixex
e-wix

-

-our =1 - Fewixy = - 1 is y= 1 is more likely
more

likely
maximize log-likelihood :

log, P(y(x) iw)

-Edag plyli/y(i) ;w)

=E
,
log 6 (ywix")



to minimizationcat step:moteplybut
nop maximaanenter

I-incl

logs (y
"wix")

For E I= IA--

ELogistic- "Margin"
Regression large murgin is good

If y(i)= 1
,
want wixil >O

-log o(z) is a functur If ylis--1 , want wix" <Othat measures "badness"
of our Margin margin >0 => prediction is

n - log 6 (2) correct

-negative Big margin
margin I =0 loss
= high LOSS

->
z (margin)
-

minimize ((w) with gradient descent
-Fact: this ((w) is also convex

Gradient Tw iEd ly"wix"ll
Fact: log6(z)L=,6-yumigilmixi)w ↳

=
- 6- 2)

~constants"

- tix) · y(i) /
(i)

R un
positive # H-1

Vector

If y(i)= 1
:

gradient has negative #3 · x")
add multiple of x(i) to w

increase wixil , increase ply't) 1x
"

;W]



If y1 = -1 : gradient has positive #3 · x()
subtract multiplof x(i) from w
decreases wixlit , increase plylil--1(X, ~)

What about 6 (-yli) ~"x(ill ?-
= G(-margin)

wire already doingwell
If margin large : Ot onthis example->
If margin small: - I

dont need to update

R
Iwere getting this example wrong
-

need to update w
Softmax Regression

IAKA "Multinomial Logistic Regression"
Similar to logistic regression but

for >2 classes

We now have C classes , X
GRA

<D
modelwill have Cad parameters w , ...,

w
)eiR

(i)X measure how much x looks like class ;
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return ; with largest wiix

&
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y exp(wX)



WCDTx = 1 =2 .7 Normalize p(y=)/X;w) = =
27

W(2)+X -3 3- p(y=21x;w)Eac
WC3)TX - 2 ~-72& t
-

p(y=3/x;w)
-*I
--

Predict y= 3 10 . 2 1 .8
-

=>

-mLibelhood Estimation :

minimize negative log-likelihood (vi)
-

(2): E
,

P(y(i)(x( ;w)

-- w
(y(i)+x(i) = logE

,

e(w(4tx(i))- Amen
-e Em

(Finishing on 9/5) Now adientdescent wirt. Wish

(((w) =

-12 j]xi)
I if y(i)=j

-

⑧ else

*
exp(w(s) [xi)) . x) IX

-

eukt,(i)
= p(y = j(x"; w)

=2
, (p(y"=j(x;w) -H(y= 3)) - x )

If y lFj : D has positive · x -> GD subtracts
·

multiple of x from wis
=> makes wiiy" smaller
=> reduces p(y(j)x() ;w)

If yli=j
:

D has negative . x) = GD adds multiple of x
(c) to will


