X = fsr.,.“,'x,,Zcﬁd
AS..S.(L/"LL ‘K@kad‘ Pac[/l'nﬁ ofm Q’é @ é&,g fé/ﬂj

Mw/'/-‘ mn a /%/WCL Dj,& ﬁ ?f
wha IE['ZEK‘-O, IEfewf(A’Ze)zée_

= o -2 b
W <X Z;x&? .

L %, TID
_ oemm™min _ T > £ =
ﬁ (%//Z‘J ;7 (4, - %6
A _ orgmex T o

a,rjmm L { T&jz
@,@//Zc.‘ Z Ye — Xe

N
0 =

O ~ ? 2(y- 2'7-9> 2, = (?Z«Z’Pﬁﬁ: 2% Y,

1‘ - (Z’IGL-T)—l ?Zf Ye



NN

= 29 S04, -8

£z
= (Z’Ié‘}:f1> 77-6 E{f‘
( 7'7&)-,* ) 77\&/71@ t ?¢>

= O + (Z’%z?) 77@ 2.

- 9,4 (XTXYl)(TZ
X= [_:f'?— s [T ]ell” z
— T — ‘7/- ['jrj@/z Z: [';T](JKT

E[(5-6>5-0.7 [= X"

EZGY/’() 17[3“5&\)} =E [Cxﬁ()\ ?_;ue 25]
- T- )
= ELTT exp( Awer) ]

T Elep(>er2)]



T 2
< Z eXf(Xquz/z>

=i

= Q,(p( A lleolly? /2>

ol = 2T(XXY x
2

9 oy ve) ¢ epl ~Sagn ) T

=7 (é\'@!yz < (E-»T(l”x)-'z (9:((//4), Ut/p >(-§

(4,-32Y8, = (x, -%)0 +(%-3)(6-6)
<0

{ 7‘7'(&*_5) - 5‘:7(81\—§>

=2 J“’“ (' + Log(2/§)

1'
7(’7{-— \/UTB TAVATAY. 3

(X = VAR
T(m - (-xlv') é’ 1 v 34 \

Tmcc(ABC) = Tf‘!“( RcA) =7r((:48)

LA TSRS (TR = Tr(BaaT)
W L



E(i8 -6/ Z E [ 1< ul |
“E[ 7 x0T 2 d
E[33] B lrwe (0o 0ed ¥ 27X
23[;7“1()” = Tme( (e (' X Bz x )

= Tl‘ac¢ C{XTX)ﬁ>

[x[

§>\€A(x:§/\xé”24 : Z—:A”:,{
_ T _
></>(: Tzfzel

€<t
- T —i? /\szT
XEX
STAR)
e )
W /\ZT{—Tﬂ{Yf‘x;
el
T W/ W, '3
‘ / seathe
o - PLJ +PLJZ'+P{"{‘- A.chee:o Zy;l/(u »w)CliJ

s
lan 4‘ ”M‘l 61' ,L I/:I »



COWMPe OV @ v

A= i’x, .

e E-optimality: minimize fg()\) = maxy;,|<i uTAxlu minimizes max, |, <1 E[((u, o — 6))?]

e A-optimality: minimize f4(\) = Tr(A;l) minimizes ]E[||§—,é9||%]

e D-optimality: maximize gp(\) = log(|A,|) maximizes the entropy of distribution. Also, if
Ex={z: xTAxlx < d} then D-optimality is the minimum volume ellipsoid that contains X'.

¢ G-optimality: minimize fg()\) = max,cx z' A} 2 minimizes max,cx E[((z, 6 — 6*))?

Lemma 10 (Kiefer-Wolfowitz (1960)). For any X with d = dim(span(X)), there exists a \* € Ax

that
e max) gp(\) = gp(A\*) 9
e miny fa(A) = fa(\") g? /"j { A l
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support(A*) = (d + 1)d /2

[l : s xTAe  w Pl = I

Proposition 2. If \* is the G-optimal design for X then ifA’we pull arm x € X exactly [TN%] times
for some 7 > 0 and compute the least squares estimator 8. Then for each v € X we have with
probability at least 1 — 6
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Input: Finite set X C RY, confidence level § € (0, 1).
Let X1 + X, 0+ 1
while |Xg| > 1do
Let A € Ay, be a (d+1) -sparse minimizer of f(\) = max HIH%Z
reXy
e=2"¢t 1= 2de, 2 log(402|X|/9)
Pull arm =z € X exactly [/):g’x’rg] times and construct the least squares estimator é\g using
only the observations of this round R
Xpy1 < X\ {33 e Xp: manlexAx’ —x,0p) > 26@}
l—10+1
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Input: Finite set X C R?, confidence level 6 € (0, 1).
Let X « X, t+ 1
while |A,| > 1 do
Let X[ € Ay bea @-sparse minimizer of f(\; Xy) where
o . S ~ |12
fV) = Jt FAV) = faf, 2o 17 = Tl e Aezam
Set e¢ = 27¢, 7 = 2¢; % f(Xe) log(4€%| X| /) ~
Pull arm x € X exactly [7/A¢ | times and construct 6y
Xop1 — X\ {7 € Xy : maxyex, (' — x, 5,) > 6[}
t—t+1
Output: A},

A= d2-2 By A=30 A
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Theorem 5. Assume that max,cy(z* — z,0%) < 2. Then with probability at least 1 — §, x* is
returned from the algorithm at a time T that satisfies

7 < cp*log(A™")[log(1/6) + log(log(A™")) + log(|X1)].
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