



































































































































Online OptimizationLearning

Learner us Environment
C 2

L selects FEET
E selects ft F IR reveals to L

L incurs loss ht Cft full info
feedback

Regret of the Learner
after T rounds

Rt IF lt Cft fi ftCD
Want sublinear regret Rtf o aster

Online Cux opt Zinkevich
Hazan Abernethy Rathlin

F closed bdd aux set in 1124
D max Hf f 11 f f GF c

f yo
cux L p m strongly convex

projected GD

feet T ft Lt left

Rt
OTT for cux lip Ken Ert

Ollogt for m se Lip Lt _C






































































































































can be shown that this is optimal

Perception Mistake Bound

F Rosenblatt 1958

data Ei CIii5i ie Cn

Ii C Rd 5 t 13

classifiers x 1 3 Sgu Lf x f C IR

Assume the data are separ able Ff C IRD s t

IiLf Fi 7 I tie on

Goal find C IRD s E all examples are
classified correctly

Percepton a o parameter
f 0 init

fort 4,2

I E Cn if ti Een s t y iCftFxi 0

then It _i
arbitrary olio

2 IIe It JIT

feet
ft if Ye Cftixe o

fttayett if ye Cftixt co

if f makes no mistakes on data STOP






































































































































Suppose L B are chosen s t

L 7 mae HIill
I CCn

1,37 man f Hi mf ny5iLf ixi 71

Then Perception will find a separating classifier
in at most B steps

Proofs
map to Online Convex opt

time 1

Learner generates ft acc to also
Environment responds with

It f
0 if ft is gorffet

I l yz fixed 01W
CRd

Note ftl are ax L lip

Oliff
07 if ft is correct on

Text 01W

fµ ft Ile Ife perception
f _o

2 Let f be s E Hf HEB
and Ii Lf Ii 31 ti C on






































































































































Regret Cin T rounds v rf f

Vt 11ft f IT U if IR EB

Iti Hf i f 112

Hft agt f If gt Olt 1ft

V 22 Cgt ft f t 022119 112

Eve 22 Cgt ft ft I L

24Gt ft ft E Vt t t L L2

left ax

ltCf ft Cft 3 Cgt ft

L et Ift ltlf DE y one

3 ltlf.tt oV e

Suppose that fi f do not separate the date

lattes l htt

2 Ntl ft ltlf 72T

2 ClfCfz Hlf DE t LL'T EBI tht






































































































































if none of fi ft separate the data then

2T E BI t LL'T t x o

2T E
igf BI tLL2T 2 LB FT

TT E LB Ba

Online to Batch Generalization

1,22 zu
d p

T n rounds

f EF init

t 4,2 h

L generates ft
E reveals Ft
L incurs loss l ft Zf

feet A fn r Ift 2 is Ttt

f _Ep Clif ZD

ft A ft ft l Zi r TEA c I Rt

E Clift E e IZ zt D LC ft htt

Non we can analyze LC ft
vs Life lCftiZt






















































































































Assume l fit C Co I

e Ezo Yo o

Yt Eg Clefs effs Esp

E Uts llfs.ES Zi ry2 s D O

Ye o
is a martingale

ECY I 2 2 s Ys if oe set

By Azuma Hoeffacing inequality
IP YT 3 ET s expC TEI HE o

Set q 4sl
7 I so

YT E I w p 31 8

It Eifel EEIE.ec TEt2tFEfEI
Regret EEE lift.me ffEE lff Zt7tRI

min empirical
w p 31 8 risk

III 4ft E f 4H tR
tTsf



take ft s t Lcf hfE Ccf

III llft.ztIEEE.ec ZejtR I
LtCf t RI

E Ll t t RI
w p 71 5 by Hoeffding Ei it tied

w p 31 28

FIE Life E4f HR tf f
if f elf z is convex then

It FEE ft satisfies

Little FIE f Htt
E Lcf It R MIMI w p

31 28


