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Theorem 1. Fix any so,d and T. Let K =1og(T/so) and
consider the problem x;,~N(0,1;), Vae[K], Vte[T],
where the contexts are independence across t. Then for any
M < T and any dynamic batch learning algorithm Alg, we
have

sup Eg[Rr(Alg)]
0%:110*]l,<1, 1|0*[lg=<s0

Zc-max< M4 M/2. \/Tsg - ( >

(“ 1)

3)

where Eg- denotes taking expectation w.r.t. the distribution
based on the parameter 6%, and ¢ >0 is a numerical constant
independent of (T, M, d, s).
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Bypassing the Monster: A Faster and Simpler Optimal
Algorithm for Contextual Bandits under Realizability
David Simchi-Levi Yunzong Xu

Institute for Data, Systems, and Society, Massachusetts Institute of Technology
dslevi@mit.edu, yxu@mit.edu

Algorithm 1 FAst Least-squares-regression-oracle CONtextual bandits (FALCON)
input epoch schedule 0 =75 < 73 <75 <---, confidence parameter J, tuning parameter ¢

1: for epoch m=1,2,... do
2:  Letn, = (,'\/[&'Tm_l/log(]}'| log(7m—1)m/d) (for epoch 1, v, =1).

Tm—1

3:  Compute fm =argminge x> " (f (24, a,) —7r(a,))? via the offline least squares oracle.

4: forround t=r7,,_,+1,---,7, do
5: Observe context z;, € X.
6: Compute ﬁ,, (z¢,a) for each action a € A. Let @; = max,e 4 ﬁ,,(ur:,,a.). Define
pia)= {K+~,m(fm(-rl f&g)—ﬁn(rm)) , forallaza,
1- Ea#at pi(a), for a =a,.
7: Sample a; ~ p,(-) and observe reward r;(a;).

Our algorithm runs in an epoch schedule to reduce oracle calls, i.e., it only calls the oracle
at certain pre-specified rounds 7,7, 73,.... For m € N; we refer to the rounds from 7,,_; + 1 to
Tm as epoch m. As a concrete example, consider 7, = 2™, then for any (possibly unknown) 7,
our algorithm runs in O(logT) epochs. As another example, when 7 is known, consider 7, =

g-m . . .
2712 J , then our algorithm runs in O(loglogT') epochs. We allow very general epoch schedules;
—

in particular, calling the oracle more frequently does not affect the regret analysis.

At the start of each epoch m, our algorithm makes two updates. First, it updates a (epoch-
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Lemma 2. If there exists m € [M], such that
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then there eixsts a numerical constant c>0, independent of
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Lemma A.4 (Joint Convexity of the KL divergence (Cover
and Thomas 2006)). The KL divergence Dy (P||Q) is jointly
convex in its arqument P and Q: let Py,P»,Q1,Q> be distribu-
tions on X, then for any A €[0,1],
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Theorem 2. Under Model-C, Assumptions 1-4 and M =
O(loglog(T/sy)), we have

sup Eg [Rr(Alg)]
6":116*l,<1,116*[ly <so
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. M3/2 2eM 1
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- Y(K)p(K) 50

(10)

where Alg is LBGL and C > 0 is a numerical constant indepen-
dent of (T, d, M, K, sp).
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Lemma 5. Suppose Assumptions 1-4 hold. Given a spar-
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Lemma 6. Under Assumptions 1-4, with probability at least
1 — Mexp(logd —log K- Q(+/Tsg/M)) — 2M? - exp (O (s()
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Corollary 9.20 Suppose that, in addition to the conditions of Theorem 9.19, the opti-
mal parameter 6* belongs to M. Then any optimal solution 6 to the optimization prob-
lem (9.3) satisfies the bounds

DG - 6°) < 6%\112([}?), (9.49a)

_ 212 _
6 -o°|> <9 K—’Z"PZ(M). (9.49b)

k%‘v iden, ﬁ a
kpper bowd df }@ay@c» Wpper bawndl o} est. error,



QATW%(‘J‘Z!"% Q%Vet UW@/ B&um{

Creeyl& choice aJr A% ’Z'L?'IKJ Xat B.

= (t m-th batch:

“m%( (%t,u= Xt,ai) B < Mok (Xfa“ Xt,u)' (0% Dw)
<2mw€ ,J,t,a(ﬁ = Bm) |

[Suly Ca(,wun mux:ma{ -~ bn,"p C K) ”ﬁ émlll w- P L
meq/uu!\tg)

(Tuhe UA 19n Iaaunol wver butch m-)

T Ax
max (x;, — Xt ,) O
a€|K]

C logK(21log T + logd)
. loe(TK) - .
= ymp(y VMBI \/ bt

\Vlt e [tnl—l + 1/ tlH]I

Summeition dver Mz 2
Sy max (o~ Xi,0) 0"

m=2t=t,,_1+1

C

<
— Y(K)p(K)
C’

-bMP/2. \/so log Klog(TK)(logd + 21log T)

. \/lOg K log(TK)(logd +2 log T) \/T% (5) 212/‘4—1),
0



qa
F()V VLZVQ(’/ b&h’f—th whev 7 :D T W w U’(M{L éowd’-
ngﬁé (Xta — Xt,0,) 8*<22 (gﬁ()}(x 9*)

t=1

Applying a sub-Gaussian maximal inequality and a

union bound over all ¢ € [#; ], we have with probability at
least1 — T2,

del[a% (Xt,0 — Xt,0,) 0" < 64/10g(KT) - t
(,/mg(KT )\/Ts, - ( ) )

P\Aﬁfwd fb?”as foéﬁﬂﬂcf/:

CIII
E,[R7(Alg)] < - M3% .\ Jlog Klog(KT)log(dT
o' [Rr(Alg)] S K)p(K) \/ g Klog(KT)log(dT)
\/Tc;o (I)z«z“ul
50

where C’”” > () is a numerical constant.



