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TC _ LEARNING WITH A GENERAL LOSS

The VC dimension of a class F raﬂ\_\:u'cs e b\«\o\na_
notwre og jcéyc { §: X> {o,\}} . The co.«u»,P’r a}” YC

dimension does not extend nodmeQ% Yo dasses og ons
fa i Covitinuovs an.u?A) and is thus net suwikal /S:or

(2o e SSioN F(ouems —» we need olfier meo sures ef clacss comf)lex"-“‘j,
v LE v

Tn +this secion , we assove Kok e ras?oasa variabole Y s
tonhnuovs and boonded . (W theot [oss 08 cbene,m.&‘(:} , assume.

ok B(YET, 13 )21, ad consder gama&a o
%u./\ctor\s X < { 3C: X = [, |3}_ Under Hiesea
aLSSomFbﬁor\s/ Hhe squace Loss /Q(ud/ Q(L)) = («a - g(x) A

ard fre absoluke Loss 2(*3,{(7()) = |\6- S;(x)\ (and
mawa oj(e\ar) are. lboonded O{/U%, ,Q(x)) <1 Vx,na )

VIiE XK.
/g K This assv Yon allows us fo wse 4he bosnded
¥ erence ine_o‘meﬁﬂa/ o Kok w. P = (—8}

wp RO -R, < ES sop | RO - RalD
geg? () -R 0] < {EES? « Cf }
. [0y @I

2n

’\As 2, Hais Yermm 1s vied to
boond. ' e astrmdron 2rroc og the sz‘.r:co&

(iskK minimi2ec ;n '

RUL, Y < R(T) + z;eo&l REE) - Raf) ]

= We oy nead to boundl Hee zximzd-eo( \ra,Que/ Wik can be
h— ugm% sam’mmhm (see section T.2 P 18) 2

‘m'\(oo\udma an\amac]r\er raméom vouio\lo\eS LU

E{EZ%‘Q(O - ﬁ,\LQ) \ } <2 (Sx\.J, | E{S%u% \_\V: \éq)@@ac&(w)
)
p

(%, ¥ |
L N - 25 Rodemacher
IK F entasns %r\’\h,o,a nan Cor\r\‘)\exu’y\a R ( eoJ'é)I
elements / F‘ow@ﬁu’\‘a as oo e, S= {(x’:/ %{)S}:”_,n

we  immedl

RS(JQOJ?) < ZIEZ(ZI&I)

g
When X s uncoontaboly in n'\{“e./ we need somehow to redice
e \oro\olem £ Dinde ¥ classes &A‘ms) 5\:3% as we ASd wn
Bmara classdicakion b dbre oomeft es s\«a“er}ma ( Suf\
becomes 'max ' 4+ union boon&). To do S0, we intvoduce
next & new mea swre rg am\rlasdka e& f(,wb.'m lasses , koo
as (oVERING NUMBERS .

. 1. Cover]r\g‘ Numbers .
\v)

A tovecing nombec s an 0\05€C\: A'( 3?/ d, 2)/ where

\J—(: aml\\aJ’i%‘v\ctfo(\S
N A = Q& me’(Y{c on F
N € = cesoludion of tre oouerima 53 XX vnder the melvic d.
An &-NeT © (?/A\) is o set V .Suc,\r\‘H/\o\:\’ Vgéﬁ_/ \}_f.
346V st d({,q)<E :

The Covering r\uw\\oer u\r(}(/ A/ i) DX'
(X a) is \
(X, d,¢) :‘“Q{‘Vl © Vs an g-nek |




We. whodnce &)

R () := E{ &\f e |
for S = £ xy- xn} ; and e empiacal £, distance
45((,a) = L 218Gy —qGd).

Theoren: VREF < { L1 X 2 T3}, ¥S=1{x,-,xn]

Ry (F) < ok {4 \/2"’%(2“{;\<Ed5,233 !

/

F(oo - FRwxw S= {DC|I.~) xnﬁ ond £ 0.
let V= minioral - nek & (F, 47) , VI=NA(F 45, ¢)
\H{QF olz%me j( €N socn Yhat A (( ,€°§ < &

® e ’r«\we. o éﬁ

arfmse_n gi

Rs(ﬁszE{%%g z g |}

< E%'QZ??\%% L(g(u)—gﬂmn\}
*E{SU\% Lz k]

<4 ES 55{;\ L awfe] |
w\aﬁax\emevr\'sz
VI = o0P(F, 4.5, 2)

= Roceed as be.%rﬁ o %z)c
2l (2UWC(FR, 45, ))
£ £+ \/ "‘2\,( - .

containg e

Ve . @

(s We can obtan

a ‘ozpfer booad wSu\«a @ +ec\nn\c\u—&
ca\led c\na;m% .

. 2. Chain;/\g ) @

Theorem - ( DUDLE Y INTEGRAL)
Vgéyc $ S%\ X > [ \j}/ VS = { %y %0 G

R, (F ) « g\}SD i be + —f”l\/oa A(E, 47,0 du
where

IS ) iz
45 ((, ) ::<_Y*T 2 (gow - a(ﬂ>)z>

F(OOK Grsider S = {Xq, }s(v\}/ and Va a mininmal

E——Zb'—ﬂe)ctéjuncler cl?_/,%:fé,/ kae,reN
is an inteqer to be determined Qaker.

Pux F.:{(Q(u),u) I{(x.ﬂ}k \Qéﬁl(

T ths V\O{'a_t(of\, )
Ry(¥) - L E{ Zv;k o, (o), where w=(wi, )
Weite

T, (> =<7 §- £~>+<v§ Qm*'“w 7
lt €VN~ . il

’\_/UU(’

‘d-\am
f; = a (a‘;rzsev\\-al&lm. og JCEJ'(’ T V& 2 Az(g/g&‘ ) < Z")
P

TT

Ry(F) < "E{S“’FK ISR Fio e
o bosnd @ wobe ek [ {551 =| 2 00 ([ -300)

—_—




\<o-g §N>\ ( Z(g(w QN(m))@
= nlr (e afCg ,(N )
st LI<o, 0005 < acggN s
. We twn our allention fo e cecond ﬁam«@.

:)('&‘oé VJ\ where VA\ covtains ‘V'\ elements .
{5 €V, chere Vi anlars (V[ < Ve
§ dt & 73

e\emenﬁ .

3 Thee are ak mosk (\/d va“ | <
&Qgerevxm chF - :&4 B and

Lef sdg\«r, £ -8 >|} \<bm2>é Wb,

_2_ | vy \2 (:»oéallo\&
V2l (2181)
n

e 074, e

Bl < vy
(odo.?'\'%t F(oog on Fa%e 31)
Nt
PNINTITES
< (47 (G, £+ 47 (L, 650
< 2 2'& ‘/7—_

8 | lea V)
=>W‘E{wcéugl<v'j,§&—%ﬂ>\}\< 6.2 | %]

n

-6 2% J‘% o(Fd;, 2%)

n

To bound @/ & cemains o sum all ‘RA%C tecons 7\

IR L z(z-J = 29 Y e hawe @
/

@® < 67" 5 279 Jlog O0(F, ., 2)

é'
= |2 gl Z (Z"} -a | )j lo L}&’(F/c\f/ '\)

6-—:

1z

< n-il).f jlo% M(F d°%)  dan

Q —(Nﬂ)

Since. N \

Jioy 00(F, 4,500 (N with o)
\

» WU

_ LTI

(em\o—mir\% @ and @ yle\cl.a 2
RO(FE) € 2% 4 12w "&f [ o 00 (F,d,%, ) due

2—(N+\)

Choose. 2~ M8 ¢ ¢ ¢ 2 M)
1K

5 R(F) < fj jl?aur(ﬁ,af,u Ao W
£

TC. 3. Back %o learning |

We want to bond R {fs 32 = SUE )[E%S.U\) \%;\2 «Q(ta\ g)‘k))l
(smme Lo

Assome Hhat +he loss
afoé\kmel\“' Vy/zél:—! ), [els, \_2(,/1)\<Ll«a 2l
Fren it s I:sossue. sl'wzu-w-ak R (1037)<2L R(F)

(TA\M\\)(N\A(S lemma ; see lemma 4.2 in Mohri et tal (ZC\Z ) )

o L i L\fnd/\'*z n ik second




Pu“ﬂﬂ% M ix)av:"&er‘ we %{r\a“a cbpjt @ I J%;Hou)s Hoad w.r>/l—5\l AcC yo sk

(P2

sop \RUO) = Ra(Q) | hlsip in o2 [ flard@® 45 D A 2 d
gegg’ 5 e { LJ% Ay Eg%m(@—m({n < CL\/_:‘T . %E‘Z/_S)
E%(é_/s) w.ri>,\~5\
x EN\F}(:cal R\Sk Mtnimiw,@ 6 AN ﬁ ( )
7 _ el
We can obfain more o %(mah\re bovada ,%r _S?zcl%{c, sab.s%zs
daoi cos of X - ‘R(Q)—K(? CL\(— 207D o5k
d
Exam|as.Q ‘}(SL’Q xt——)(a 7, aéBP -
——P—— T £ B (C/:oonslw\‘( MAPLOJ% L,d/n)/ _—he redice c(/n I)O.LXA an
A al = }. :m[)o({>M+ role in Hows loo.mi
Class P linear Yundons ¢ R'5 1R P &y A )
indexed 10'% a %ni*z— dimensiaald Faf“ma+er ¢ - {’g R L } el %A‘\\—C Ve dumensen
VC(R) . V((F)

where B: = unt ball unéer He /QP nerm

AR i st do bt 502, 0 (<]

and. F 1s ss’»u& t oblain « sk bound. cﬁ

One. can show -wodl /%x c\ (”55'\\0\‘6 = 00 ) ) gl N e w.“‘e\ e bovad on szc&e SRR
of’(J? dp , €) < L)(’(Ji aq ,€) we remoued e Loy (%adw

doa (| VE(R) )

wuz/ do,2) < (_2.> & boond independent of S

E‘*; (5, a) = (& S0 -5 17 "y
oo S=n A

Thus fl)oé\e% m*eoGroL\ con be bound ed méﬁ?adenjv% gg L

jwzf\o%(zm)‘* df = S”L/l (2] d < CJ-,
i

< bo

,Sor some C7zo-




