



































































































































Fix a set of arms vectors XcRd e.g X 24,212 Herd

We assume 30 Rd 5 t pulling arm KEX results

in observation y x 0,7 2 I 33 0

IELexp X2 exp x2

for f 1,2 it
Player chooses HE X

Nature reveals Ys 7 G 2

Player aims to minimize regret 11 Ef 31,0

Tupporyou choose 7 I GIRL and then

observe Y 7,0 7 t

marymin Ei Lose 0 yet
o

x III z x x.to ye O

ZDNet 0 EHYE
Y i xo.ie

EXPIET EYE

2 xxtXty
O xx Xtz






































































































































ELO Ost ELENE Os

xx 2

8 0 0 0,5 xx xtzztx XX

ATB B ASO VX XTIE 32T 1 5 1

27 3
T XX XX XT

727 2
Xy

For any Z what is zT 8 0

IE 710 0 0

IE 12 10 0.1 E zt o_0 0 0 tz

ZTXTX Z

Z 8 0 is approx NCO z XYZ






































































































































Joppe
z

ZkÉ Viv

uiutextxth.tlwhere Y v 1

Z Xx z
0 02

Z vivid uv.bz Z

zt u vToi'tvavatdi z

ztv Poi ztu di

For any 7 GE Rd 3XESx sit
o

IIIII et
design matrix

Caratheodory Fixxird For any Z Z EPax
3 XEAxs.it Z Exxx w Who d l






































































































































Claim For any matrix

ftp.XIFXESxs.t.FIaxt AH and IX

Goal Want to choose R 71 s t

when we construct we have
Let x ̅ 95 STAN's

MY IT 0 E AND WANT'zzTAHi's

Let 1 9 1 xtACti.se

and letld.ttForSEI
measure IFX exactly IX 37 times

Total meas 3 1H
XXT'T T ANT AN

xeX 2 8 0 11
an






































































































































IE exp X 2 8 0,7 expll z

IE exp IE we

IE II exp wire
Ilexpls 3 1

expls 2 IT IE exp twee

Ibelli six IT exp Xvi z

exp Éwi
exp x wTw 2

exp X zt XXT'z 2

Zt 8 0 is zt xx z sub Gaussian

P É 8 0 e exp ztlxtyt.ie z

wp.zt sztto o.le zi.bg





































































where 11711 zt Az

Vg 13Millingd loglacal

f.lt Hallain

l l

convex

EIhTrd function find IR For D optimaldesign

fit I Init to sparsely

again off gaze man

K 1 2 1 let Zt A 1 2 2 Rt










































For any VCX let v be the least squares solution

at stage l if Xe V

Exe v Gen O as see

P Yfielxes P eE.ie xe

E EP YrEilh Xe v

E T.lyflma
us

EEEx iies



Regret Egate A 28,06 27
2 are x 0

fat In
UT East a.se

klxexelloget8lsv0i7
Δ 1 Doc

vT Egg 8ee tobe I xes ppsx.is

2deé log 4121211

e log5811047
1 VT 8 1

16dlog 41,5811mm 1 118

UT 4 d d i 128d by 41,5811mm1 1 s Svu

If v 0 Regrets old log loss

It opt v Regret 0 Fy yix1 J
Thatifx 1 8

A XX X E Elesen
to be

1 G 0 x
m A 10 0 sc G optimal

Caning Schwartz MY 11A 10 07112 11

alley31 y ERd

castellating Effi c FEE



118 0,11 A 10 0.711 Efa Cu 0 0.1

hemmed cover Card IC 3 e
d such that

for all x w bill 1 yec sit Hx 912 E

1180,11 Sf Cu A 8 0

P Y u y A 8 9 y 0 0.1

EEE it i
118 0.11 Flogblest

110 0,11 rs esT.E 40 110 011 β

For a fixed vector z Atty we have

42 8 0 1121k rgst v p 21 8

Ly 10 0.1 A y O_0

HA yll Foguit
119112 Test

as

wip 1 8 Cy 8 8 Mgt



Engles

UCB for linear bandits Lin UCB

Let C Rd GEE Ht up 71 8

and define UCB x 817 x 07

UCB x

any It 19s 0,31s 1110112

XXXI XTy Vo XI

Ve Finest VoVE'S
See 144s

Et 0 10 Qt ill Be for some increasing

seq Bt

That If One f Wip 2 8 then up 2 8

R É 0,1 21 Fight



0 a UCB x UCB a Ext

who 0 Lee 0,2 7

Op x Oa Ra Oa Te

Et x 0 x

0 08 kt

Lvi o o VI x

110 all v Mellie

1101 8,1111 1101 Oahu Halle

2Mt Hallé

Assume 1 0 x 7 71 2 Be 1

Os a 71 2 A 2MtHello ZOE In 1144

R Eilat EFIE.x.TT
2FtÉnmtET



EllipticPotentillemmed
Fix Vo and let Dec 1Rd be an arbitrary sequent

and set Not Éasxst then tramy V80

It 1 hello.it 2
og 1

Moreover it Hath L t

2dlog Éf
Proof V Ve that

Ven I vise.at
a vylABcllallallIAB11A1

1BIVel1Veil 1I VIsetvi
Veal I 11ktlui
Vol II 112slui logtft E.ly

1tllalli1Itae.et

1 1 2 α

II linkedin.it zl s i lkellui
e2loslYfIVH

I tis E t dtrlv.li
AMGM


