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SMARTof math framework ofML (as)
X sets
xY

·P:an unknown distribution on X+Y;
o label

2 We see training data:(X,Y), ..., (Xn,Yn) -P iid. Goal: orack
hiX=Y:

-

- h(x)=Y

· Choose a hypothesis class 1 (functions x-y)

·Thill, Risk, a.k.a. "testerror":

ploss function, e.g.
E(hIX)-"quadratic loss)

R(h): =El(h(x),Y) h*
=argniR(h). Not computable

· Empirical risk a.k.a. training error

· Ru(2):=E,e(2(x:), Y:). h*:= argue Ruth). Computable.

· algorithm:
--

staining:forinputdata (Xi?-n);ompute
atthe

Next time,
add a lemma:

Lam (Generalization error)
-

R12) =R(C*) +2me-R(a)1 if If-gly<

↑ a
hel and set, y*are

-

test error of Ein bet possible error (with a datal Iminimizes of8,9,for a givenclass I Rem

*
R(k) =Rn(h) +E. (hc 1) If(x) -g(y+)/<2a.

=> Rn(h*) +2 Ch*=minimizerof Rn) Then apply His comma
for f= Rn, 9=R,

[R(h*) +25 (4*=x) D. hi, 2*

--



E =sep It,Ei(h) -Ez(23) where zi(h)=e(h(X:),ti)
hole

are and rivs th.
·X

"empirical process
Zi(h)

· For binary classification,el., =90,23 E 12i(h) 1 = 1

· 2 ( E, Ei(e)1> t 3 =P(IE,E()(> tr- 2exp(-E) ()
↑ A

↑ ind mean o, Oddbye
multiply both sides by
toscalelike in CLT

General Hoeffding inequality(Lec.5)

· Union bound:

P(sup It E, Ei()K t3 - [ [It E,E:(e)k
t 3

n =1
hello

assume 1 is finite
en

"IhtR* =union (*)=Heel-2exp(-t2/2) =2exp (log(f) - ti/2)

=>We proved;
=0.01 if t=

TMM (Generalization found) If the hypothesisclass It is finite,
-

(2) = R(a*) +ce with prob. 20.99.

↑ ↑
-

bestpossible
ERM's testerror M

if n =c'lg(sel.error
0.0 1

Hence the ERM algorithm generalizes well from
-

I n vlog (8/

train ing data points.

· Good:logarithmic in 1991

· Bad:most hypothesis classes are inte
Can logtsel be replaced by some "complexity"of se?

Yes:Ve dimension.
- 2-



-MENSION (Bannnk-Yepsonenkuc

· Heuristically:va(X) -largest#(data I overfits)

↓i.e. functions hix-40,13

Def Lett be
any collection ofBoolean functions on a set X.

We
say thathe overfits, or "shatters" a subseton, ...,a4X

if I labels yy..,,jdt30,13 Ihate such that

h(x) =yi i=1, ..., d.

Theve dimension of it, devoted V2(H), is the maximal sized

of a subset 1 shatters.

Examples, h(m) =1 En-
2. H =41) hasal=0:itcan't shatter even one pointin

Since h(xi)=1.
a

2. Half-line x =2H) -x,a):a=1R} I I(-x,a)
->

awe)=1
⑧

HW: (1(-0,a); H(0, +0)}
-Ishatter some point setin, butcan'tshatter any 2-pointsetanaI

↳ ↳
0 1 -This label assignment
-

⑳ isimpossible to realizex; x, x,x2 -
M

3. Intervals: x =21(a,6):a63 a I
wk)=2 a 6

D

↳ofshattersome 2-pt set he, um, butcan'tshatter any 3-pointat highery↓ L
1 impossible↳. ↳ to realize- - ·x x3 I
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4. Half-planes in IP: A

1

x =(14a,x() +anx(z)+6203:an,2,8-IR} 0

>

we)=3
Itshatter some 3-pt sethen,2,37, butcan'tshatter any 4-pointset

d ↓ Exe,2,5, 13:

↓4-pointset is
* * *

1I !
O I I

like this, or
line this

** * *· 00 pa I 1.OO I ↓ -
O
-

0 I I I ·I
* * * * 1.0 0.

-

⑦ * ** I "Convex position" "non-convex position"
0

10 I 180
1: I

In either case, Ilabel assignment
thatis impossible to realizeI
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