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Abstract

Recently best-arm identification in multi-armed bandit problem(MAB) has become intensively investigated. At each
time, a player pulls an arm and gets a reward. The arm that has the largest mean reward is called optimal. The goal
of this problem is to identify the optimal arm with the smallest number of pulls. This problem has various applications:
clinical trials, psychological experiments, and so on. In previous works, it was revealed that sequential hypothesis testing
is closely related with this problem and some best-arm identification algorithms that make use of sequential tests were
proposed. However, sequential tests used by the algorithms are far from optimal. We propose two sequential tests of
the mean of subgaussian random variables and show that one of the tests is optimal in the aspect of LIL(Law of the
Iterated Logarithm). We propose two improved successive elimination algorithms using these tests and demonstrate
that these algorithms have smaller sample-complexity than conventional best-arm identification algorithms by computer

simulation.
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XVFT =L RNV T 1y MEE (Multi-Armed Ban-
dit Problem) I&, L/ N—% 79 % & fELM I HEH A
"JonzdAny bV (7 —L0) BEEE D DRIT,
EnkSizAamy Yy ERBRATOITIX RN Z K
KETEDDNE WS HETH B, ILEFRBOEILPERIR
ARERIZISHTEZ 5 Z & ITIIA T, #% (Exploration) &
%M (Exploitation) @ b L — KA 7 ZWNIEL T\ 5 RE
DO TH RN M TH 5720, BRI HFZEOffifE £
W, SEIZT —LroBonsmMe LT, 742
CATBIHENTT 6 N2 R 3D 5 i.i,d(independent and
identically distributed) \Z% > 7N I b Z & Z{KE L
T HERK< IV F T — L RNV T 4v b (stochastic multi-
armed bandit) 25, k. YNFT—LRNVT 1y
FTIRV 7Ly b ERENS, BET —LEHIZTIVL
TG E 15 5 N 5 SRR & FEER IR S /- BRI O
ZOIFHEIZER U T, ZhosME (Regret Minimiza-
tion) & HEUZERZ 227V T ALADREI N T E 7205,
A, WIHIRHED B E W T — L& WD RN Y
TV (TN TROT 2 WS, Bl 7 — A
& (Best-arm Identification) FIREPMAFZE S 115 & 5 12
Bolz, T HIT, BT — AHRFEIT fixed confidence &
fixed budget @ 2 FEEHDOFEREIZ KA D Z L3k
LM, HGllE, TI—KRIVGA6NZET, 1-58

LB KRB T 2401928 Graduate School of Engineering,
The University of Tokyo

2015 Information Processing Society of Japan

LOMRTERET — L% WD) 27010 BE ey v T
BDEME%E HEZIZ S 5 fixed confidence 2% 5.

fixed confidence {ZXf i U 7= Hof 7 — LR T LTV X
A%, successive elimination[1], Exp-Gap[2], i'UCBJ3]
MRhb, T 3 DDOFEIITARE T — L BRE K
UTES N FIEZD, [3] 12 & - THRE I N7z LS(LIL
Stopping) W HDEMS & {TEDOTINVITY A L%
T — ARSI S 5 2 & AR B, [3]12k B
&, LUCBH4] & LS zi#lAG o7z & SITERERIIZ/NE
\ sample-complexity ZIEK T E 5 Z LA 0o TV 5,
sample-complexity & 1k, BT — L% HDl} 57201
MBIV TINEDZ & TH B, LS I, subgaussian i
R DFIIZEET % sequential test ((FIRMRE) % T
UTESNTWT, sequential test D sample-complexity
BTN TY ZLDMEREIZKE S HET D, AR,
[3] TEDLN T3 sequential test i&, FH—FL T —FIT
KU TR FEFIZITDbNT WS Z e dbhrotz, 5B
—fET I —RIZH L TLD XA MIZ sequential test %17
5L [5] TE T WA A, LIL(Law of the Iterated
Logairthm) 7* 5% 2 THRETIEMNZ LA > TV
5,

ARBFFETIZ, WEF LD H XA MIT sequential test %
12 HEZE 2 ORETS, TDH5HD 1 DIFLIL 256
# Z CTHROE S sequential test TH B Z & &2RT, 220D
sequential test % T successive elimination ® XK
175, WE L7703V X LD sample-complexity (&
A — X — I Bl TS, FEBED sample-complexity
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KEFFED X =7y b & LT\W5 fixed confidence & T
DT — LRRMEE AT 5, ZD72dIZ, FTHA
W& BENMEET S, NHED T — 2% RFHEL S WIEIZ
%&f%bsz~th?50%M%M®7—Ah%
HAHT 5N TV BHERD A (A AE) &2 A, Aoy, A
LT, TOMFEZ g > o > - > un 95,
REU. BT —4 (= 1) R—RickEsenwsZ
EENELT WD, DFD pup > pp & LTWVWBHZ &I

2 =&

ARTE, BAt TT LAY =BTV TET7 L% I(t)
LT, Wit —1 Ty —L i 27V UEE%

Ti(t) =S NI (s) =i} £ 95, =720, I{e} 1K
eNEDEEZT1THDODLEOTHAEKLET B, T—24
i DTi(t) HHO 7 VTR ONLHIME X; 7,00 £ 5
¥ 1d 1.i.d (independent and identically distributed) %
IRELTH DT — LM EINET D, 7T—24i h
OIfZI t — 1 FTIT/ONTZHMDOEEMEZE 4,(t) =
SEO X, (T2, 7L OBGET — A L OWIEHED
A% Ai =1 —pi 95, KFLTIEET — L O
434613 (1/2)—subgaussian TH 5 LIRET 5, HWX

BET — L&Dl VR T VEBTHRUE T Z & Th 5,
sample-complexity 1348 7V B DO IARFETHIZ Z 2 FH
LEHDMN, BIERET — LR T IV TV X L OFEf*
AE UTERBDE, R 7 — L2 A2 TEILL

E DTV % sample-complexity £ 32 EDTH
5, Thld, TITY ZLAMFIEL WA REME A FF L T
W2 ZLIZERET 5, fit-> T, fixed confidence i%E T
Dl 7 — LERMEEIZX (1) TRETE 5, 72720,
TIRTIV TV XL T — L% RO TEIET B
R, S IFEE—FET T —K, b(r) ET VTV XLEIE
L SITHDT 250l T — LfEfiE 92,

minimize E [7|7 is finite]

Pb(r) =1, 7 is finite] > 1 -0

(1)

subject to

[6] IZ&>TH (2) D& S 7 sample-complexity @ TR
WRINTWS, ¢ > 0 XEDEHTH D, [7) TRE
ENTVWEA 3) TRESND LS5 H 2D &,
sample-complexity O FFRIX Q(Hq log(1/6)) & &KHT 5
ZehHKD,

N

Elr] > <Z:2>bg (2)
N:2

Hy = Z A2 (3)
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3 Sequential test DR

sequential test 2B U CRHARFHHZIT 5, t-HEX
ZIAMGE 752 & O HEARK R IREH AR EIE Tl 9
B TIVET 2SIk T T HOY > TV 2HED B,
ZUT, BIZIEY Y T DORHEDEANR 0 IZFE L W
W IR 2R T LT, T DY > IV Z O IFER
BUTRES ME S D EMET 5, 22T, THOY > T
EERDTVERPTHREZITD 2R nE VS Z
CIZHERLBRVWEWTRY, U, THEOY VTV EE
DTVWERPTHELMELZITS &, Bk LTOH—
RS —RPRUNZEZ - LR 2BATCLEINLST
H%, —HT, sequential test £\S> DIF, T DY >
fw%%bfwéﬁ¢f%@i%ﬁ5ﬁﬁfﬁé T %
EROMEIZRETIZEHNIE. AROLIIZ 00 %
HET2HG6H5, ZOMAIZ YV TIVEN N (2
ﬂ%?éwn%ﬁﬁﬁﬁﬁpofbéthﬁutﬁﬁ#
NIE, MEIZHRERY VTV EELSNA S Z Ak
5LIALHB, THEOMETIE, BT I —KHMH
U200MEDRUEL 2RI 5E, H oI —R
PMEN AT A E K TRWIHRIE T & AR I N5 D5,
oo DY > TN A RET 2856, WEGHAFE > TW
B ELEABNGE, REEKT 262DV ENOTHE
ML —2HETELVS Z LN, ZTORDYIZ,
sequential test TIFMEDLFL T T2 F TOY > TILEN
DI RWKRE & AT, HERRIZIE, sequential
test (XML TH HHIPHZFHH L T, SR ZE I 61
A OREEZKT 5, ZOBRLEFHEINLHFEE
AR CIHEEX S &R 21T 5, [FHEKXES AR
WIES PMEPKTTE2DONREVDOTERWREL L S
A B,

3.1 LIL(Law of the Iterated logarithm)

Sequential Test & BIfRD N Law of the Iterated
Logarithm & W5 ERIZBNT 2, £9. TV X AT H+—
DEFERD, TOTVRELTA—ID0 & D KEVHER
TETDt TIE S &S RHIT & AR NZ2RT D
M. law of the iterated logarithm T 5, EARKIJIZIX
SEFAMY 0 THEAS 1 @ i.i.d(independent and identically
distributed) 2 MEREHH] X1, Xo, -+, Xy ZER D, *
DHZE S, =X1+Xo+- -+ X, 295, ZOEEDMUTF
DEDBRADKD LD, 72720, a.s. I almost surely T
H5,

St B

tloglog(t) B

CORIZEBETVELT =2 S, BETD ¢t TP
% &5 I, S| < O(y/tloglog(t)) TH 2B &A?

lim sup 2 a.s.

t—+4oo

(4)
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3.2 ®miEA 1Z# sequential test DR

LIL DFEHR%Z%E 2 5 &, sequential test DISHEX I
t — 400 T +/2loglog(t) /t {EDIT X L SR 5, se-
quential test DFHHX[HF % 7E 2 ik A LB R I TDNT
WBDS, [3] TIHERED € > 01T LT /(2 + €)tloglog(t)
TH Y. [5] TIE /3tloglog(t) &\ 5 & 5 IZ il TIEMK
W, £ITC, Il EHEKM 2T 5 kR RET
%, WERZEM (Q,F,P) &, BEEFZ7 L L — 3
VA F o RRIET 20 {AX Jim1.. 25 AX, B
1-subgaussian (25 V¥ 0 DMERZER L 5, TDE
E X, = 22:1 AX}, %% 2 % & martingale (272> T W
B, 72720, Xo =082, {AX;} o190, DHERZIE
SNBWIMIC. X, = Y4, AXy BZDEFHIIGT
%, £9. UFDOLS LB h(z) 2EET 5,

EE 1. B () ZAFORTERT S, 72720, erf(z) =
Jy exp(—t?) AR T 5,
JE

VT erf(y/z)

IRDEM 1 A subgaussian fERZHI DT 5
sequential test Z 17> 72D DEARNLEMLTH 5, I
IREIZETD AX, H 1-subgaussian TdH D 22D 0
ThHhdI LT b, {0itim1o.. EVIBDEHELT,
S up plug) > b (tuf/2) &\ SRMED72 S NIRRT
IR I N e LTEIET 5, 72770, &6, X
WZlt — 1 FTOHRIZE>TREZ LT D, ZDLE
BT —R DFDEFEILLZGEICREREIAE L
WIEHRIE supg, {0} ATIZ72 5,

=

T

h(z) ()

exp(—x)

EE L ou=1X, 2 UT, pa)>0%0<zOHPIT
E#INTZ [p()de =1 THEMBAKET B, £k,
{6} im0, & 0 > 0D Fyq \THIT D S HERELG &
25, ZOLELUTORDPEDY LD,

1
P (3t >0, 0 usplur) >h (2t uf)] <sup{d:} (6)
0<t

Z N % o THERIZ sequential test 2175 72121
p(x) &2 BRI S 2720 WIT R0, ple) I LTE
WO AERE ST 2N, ARMTIHER2DES I
qlz) ZHBLTCZOMES N 11225 L5 I ESEL -
D% p(r) LUTHET S, ZOXE, pz) »NIT7
LnwHZ ek, BT B &S IEHEK BN A BRI AR
BLEWVW5 DM EWTT & 512, MITHERO LT
ATZe 12720, p(a) BNIT7 5 2 L IFEEEI BRI LA
R L TWRWDT, 20 p(x) ZF- 7z sequential test
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MIE LW & WS BEER R REEIZ R T W, p(z) &
AT 27T Q = [T qla)de ZRD B RBENDH
M, ZHUIBUERE S TRO KR, Q ~ 2.519 TH o 7=,

E&E 2. p(x),q(1),Q ELATD XS ITEHT 5, p(x) 1
q(x) ZEAD VIR D LS ITESELLZHDTH 5,
o) — 2 g
1
q(z) = 2
2(2.085z + log(1 + 1/x) log”(1 + log(1 + 1/z)))
Q = A q(x)dx

PUZEHXEFA LIL 5 ZE A TRETH D T & 2
R D, TDOIZETIE, EH1IZK (7) ZRAL TG
REINDERXES 2, BIZFHR RS B u(t) THHM
U7z BT, 20 LIL P oF 2 5N HER \/2log log(t) /t
LT 25, TNPROER2 THBH, ZOERIZL -
T, EH1IZERE 2 D p(x) 25 A TITHN S sequential
test WLIL O ZEATHRETH D Z L0 5,

EIE 2. fTED 6 € (0,112 LT, UTFD & S 2K
u(t) #E x5, EL. Woi(z) BT~ O W H
Boehd,

w(t)=+/2 |—iw_ | - 862 8
“ \ﬁi 2 1( 2502 (1001+4/%) 1og2<1+1og(1+\/§>>>2> (8)
IOrET =200 y LT, £TOBMLE> T TUF

DRANBD LD, 77U, pla) FEH2DLDEMS,

%mmmmzh(;ﬁﬁo (9)
F72. t = 00 TIRD XS BB % Fo,

. u(t)

1 S 7 A

lirisogp tlog log(t) (10)

PEF D sequential test LASFHX S D Ty b %K
LITRT, HBSHRIX, [5] D Theorem 2 TREINT
WaED L, 1li'UCB[3] ® Lemma 3 TIREIN TV
HED LT B, N EERD 7z 6 4 Tl IS HE X i 2
Tzo TD7ZD, MEFETIE S ORDOYIZ§/2 2V
T\W3, Theorem 2 I Initial Time & W5 EHEDHH D,
t <173log (§) TRIEZITHAR, LiI'UCB OfSHEX
NIRRT A=K e 2FDM, [3] DFTld e =0.01 H°
fRXNhTWEDOTENE NS,

3.3 2Z# sequential test DR

Ol 7 — AR TIE. BENIZ 2 DD 7 — LADEYD
ENOLIDRENVLEWVWDZEEZENZWL, I, Th
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FNDT — LITH U T Sequential Test 7> 5 15 fH X [H 51
ZEMRLT. TOXMIZHE D BN E WS Z & THERT
L eNHRDN, KIZ2DODT — LD TNVEEDIE L
CHVOEEITIE, 2 D2D7T — LADFED TN T 55
HD sequential test ZHET 5 Z & IZXk> T, HKTH
BT IVEE EAREEICT 5 Z e lks, Tk, R
FETl% 2 2% sequential test ¥ FER, ROEH 3 A3EA
LI HEHTH S,

EI 3. EHENOTAT—IL 7727 R—1D 22D sub-
gaussian MERELS] X1, Xo, -+, X, &Y, Yo, - V1 %
FEXBo up = iy 1 (D Xz v = iy Lae (Ve
UT, p(z) >0%0<zOHFTHT [ p(a)de =1
ThHEBETE, TOLZTEDS>0ITHUTUT
DARMKD LD,

B[3t>0, 8 ue p(ur) ve p(ve)=h(3n(t) uf )h(3m(t) })]<s (11)

72, RO ESIZ6 = 6160 ERET U, 1 BRDE
A D Sequential Test & fAGHE T 2 ZHD Sequential
Test WITA 5 Z b5,

> h (3n(t) uf)

> h(3m(t)

01 ug p(ue)
92 vy p(vy) % UtQ)
= 6w p(us) ve p(ve)>h(En(t) uf)h(dm(t) v7) (12)

INEMAWTERIZ2 D207 — AMOEHD %R
ETDFEEBHT S, 5. DIt T2O07 — A
DEYIDEDATZ o728 T 5, u, v 1 ETNTETN2DD
T—LDEDOFENSDTNEERT 5, IR Hy
X227 —LDEENRFELNWZ LT B, Hy HIEL
WETBE, u v = ADBEDIILD, U, v (ERF D
T EOEBE OS2 LTV 0 R T E 20
M, HDDIBETD u +v, = A TEDEHD M %
72920 ZEHERTE X, IRIBGRIZIEL < 2w
LW Z eI oS, FEIX. HYHBELETD
(ug,vy) CEBOEMEZTHEZ L T VD0 E2HERTHI L
2B, 2 <0Tp(x)=0DT, uy <0 F7=Fv <0
THSPCEHEOEM RS 8\0, DD, ZOME
HICRMEDI T A0, T2 T, M20DK 510 12K
D Sequential Test & 2 DfflAGHLET,.., T3 DD
MEEZMAEGDLDETHREEZTI I L 2EZ 5, h T
T —RIIIIFIZ §/3 TEID RS, 2 28 Sequential Test
T E N2 WERM %2 1 2% Sequential Test A3l -
TWAIZ WP 5,

3ODREZEMALGOLET VS D TRENEMEIZ S
FOWEZ BN, EBIATROEH CHERLZE B D 2
D Sequential Test (X, 1 ZHD Sequential Test 12
ARELUTITo THERVWOTHBIZERERTE 5, REIIZ,
EEIZ2 D007 — AMDFEHDEN 0P E S pE LT —
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KFLARNTHET 5 Ak, UTFTORTEREI NS w %
AR, w< g MWD 5728 T Hy 2FHT B 20
S5HLDTH 5,

h(%n u,2)h,(%7n v

u p(u) v p(v)

?) | n(gnw?) <1”’(%’" ) Sl} (13)

“’:maxu+v:A{ wpw) =0 v p(v)

1 2% sequential test DBEY > TNEIZF L TD 2 &
# sequential test DBHEY > TIVEDHEMN, 2007 —
LD TNVEEDE n/(n+m) IZXoTESZEDE0%H
Rizy BEYVTINEIE, FHDEA=01%2TT7—F
§=0.1,001l TEELES=DIIBRERYT VT LVEEL
TEE U7, $EREX3IZRT, 22007 — LD 7 )V[HE
HBHFAE LK 50D & F1Z 2 2% sequential test D HH3H
VTNVEDIDIRNZ LR D B,

B7—LBERT7ILIDY) XLDK

S
il

4.1 LS(LIL Stopping) QDR

RE U 72 2 DD sequential test  FAWT, [3] TRZE
INTVWE LS DWBRZITD. KT —L m(t) &ZD
e TDT — L4 i OBT, FEXMECH BETNIL
m(t) = 1 EFEHRAT 2 DA, AV VF LD LS DO FEE
Thbd, TOLE, ZT—LAOEBEXHFEIZHNS
TI—RIFF/NE&TD, T5FT5ZeTe2knors—
RIZSUATIZRB, UL, AV YLD LS TIHEHE
X EF I RSP 72 sequential test DSV ST WS
DT, #BZEL 7 sequential test TiE = #1.2 111X sample
complexity Z ik 53 Z & WHARFHIR D, £72. 2 28
sequential test TIZHE D BN L WS Z & DD DT,
AT —Lm(t) L ZDMETDT — L DT Hy H
FEHINZE WS Z e EHAWS, 72720, F7— LMD
sequential test (IZFHWA L5 —HI(T /(N —1) £ T 5,
ZDESIZAVVFNADLSITHR LT, 1 ZH sequential
test, 2 2% sequential test TEZHZ 725 DEAFETIE
ZNZN LS, LS2 LTS,

4.2 Successive elimination DR

successive elimination DJFHIZF T 7 —LHEAH A =
{1,2,--- N} ZHET %, LS LRRICRKRT — 4 m(t)
EZDMETDT — L i ORIT, FEEEICH D BN
MEFARDL, WHODPENT —LBHo7=6FN% T — A
EEDPSROWT WS T, BkIZ T — A RS DEREN
LiZko-oZheiE7 -2 LTHATET7LTY
ALTHDB, fit> T, LS E[AFKIZ sequential test THE
EMWZDEVOIWRETD ZEWHKD, AV YFILD
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2 variable sequential test 1 variable sequential test
19 F T T T T n
T T T TTTT] T T T T 11117 T T T TTTTT 5 é
6| H 9 3 A i
e 3 e
thle.i)’rerg 2 : 08l |
41 Laciad 8 S S SSSU i I SN £l |
- . 0.4 ,
9 . : : —§=01
é o B N 5 0.2 - [
theorem 2 3 S —6=0.01
I q 0 | | T T
Lol Lol ﬁ' ...... 0 0.2 04 0.6 0.8 1
100 101 102 103 1 variable sequential test combined sequential test n/(n + m)

t

3: Ratio of required samples of 1 vari-

1: Sequential test bounds. (5 — 0.1) 2: Sequential te_st combination. Regions able sequential test(¢;) and that of 2 variable
surrounded by red lines represent events oc- sequential test(t2) vs. two arms’ pull count
curring with probabilities lower than § or §/3. ratio n/(n+m).

Axes represents u¢, vt.

successive elimination (2 U T ZOHBEZMEL 725 D
%, ARTIE LS1 elimination, LS2 elimination & .5,

Algorithm 1 successive elimination
input: N,;§ >0
1: intialize t + N, A+ {1,2,--- ,N}
2: for i =1 to N do
3: pull arm ¢
4: end for
: while |A| > 1 do
i m < arg max{ji;(t)}
i€A

5
6
7: B+ {i € A |sequential test(m vs i)stopped}
8
9

A+ A\B
I(t) + arg min{T;(t)}
i€A
10:  pull I(¢) arm
11: t—t+1
12: end while
output: an arm in A (algorithm promise |A| = 1)

5 YXal—Iavil&k B
5.1 REREH

7 — AOHIFHEAR L LTIE, [8] TREIhTW5,
o TR =iz W5 (X 4), HEIZSE00.25
DHI AN E NS, TILITY XAHMEILL ZRZ D
Hf¥f % sample-complexity & U, Z# & X (3) TRH
SNHMEOHSE H) #FHWTERLLTTmY MU
- BWIEHEIZ 100 Y I 2 b —Y a v afTo S EfET
KDz, TDREEIZOWTED, HRHEDEHEXMIEZ
FEIZ Uz o (¥R / FYfE / V100) 138K
TH2% THo7z, mAKIFA%Z T =1000- H &L, T
FTIHEIE U R o iR TDIEIERZNIE T 2 A7 LT
HE U, T B 7T ANE, BEFEEEET
FEOLIUCBIZA T, LUCB &4V YF LD LS &l
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AEHE7H D (LUCB + LS(orig)) &. LUCB & LS2
ZRlAEDEZBD (LUCB + LS2) TH 5, 3]12&5
&, LUCB + LS(orig) MEKFIEDH THH sample-
complexity D3/NI 0,

5.2 T—ABENDKEMKE

T —LWEEZ T 2TV T Y X LD sample-complexity
DEALE RS, BRRGRERSRMEEHREEZR 1, K5
2R, ERIIZ sample-complexity @ 7 — LA D
WIFEDMENZ & & 8% Tk (LS2 elimination) 134¢
KFik (LUCB + LS(orig)) & AT, 3~5 £F sample-
complexity DMEWNZ & D335,

# 1: Experiment settings 1

N 0 | distribution(a)
2,3, 6,12, 25, 50, 100 | 0.1 0.6

5.3 § ~NDIREMHE

T T —R§ %E Z7]2& ZD sample-complexity DAL
% H 5, R sample-complexity DKW H D D AIZHF
HU7z, BARRZRERSME 2R 212, FRE2K 6 I1TRT,
a=06DA%ETOY bUED, a=0.3TEHIHAUERE
MHDH 5, 33 ITEL L AR TH 5, L ELD
i Eid, X (2) DRI c IR 5 A, LS2 elimination
DT —RZIMOFEZDE <20 FHMNILD,

7% 2: Experiment settings 2

N 0 distribution(«)
100 | 107%,1072,---,10°1© 0.3,0.6
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1 K . . F T T T T T —T—TTT T T T T T T
o r —e— LS1 elim H 80 |- —%— LSlelim [
ta )’/*/—*/ —_—t LS2 elim H —+—  LS2elim
0.8 |- H LUCB + LS2 || LUCB + LS2
+ 102 |- & LUCB + LS(orig) H 60 |- - |
E— i H
0.6 - N I —O— —— li'UCB §> .
- = | 1T
< ¥ T = Wkﬁlb 40 - \¢\‘ =
— — 1M
0.4 X + 10! | E
4 + B ]
0.2 [ x + 4T 1 207 |
X .+ | )
0 | | | >‘< ; | 10() [ Lo11ll | | | | |
2 4 6 8 10 10t 102 1010 10-8 10=6 10—4 102
arm i N 1)
4: Distribution of the expectation of P 9: Sample-complexity vs. N. 6: Sample-complexity vs. .
arm reward(y;). (N =10,a = 0.3,0.6) (0=0.1,0=0.3) (N =10,a=0.3)

% 3: Linear fitting (¢/Hy ~ a + blog(1/6)). (N = 10)

algorithm fitting(a = 0.3) fitting(a = 0.6)

LS1 elim 9.56 + 2.60 log(1/6) 12.6 + 2.72 log(1/9)
LS2 elim 8.79 + 1.26 log(1/3) | 8.88 + 1.44 log(1/9)
LUCB + LS2 | 10.1 + 1.35 log(1/3) | 12.4 + 1.40 log(1/9)
i'UCB 38.6 + 278 log(1/3) | 35.4 + 262 log(1/9)

6 IEm

SN, HERIVF T — LRV T 1y MW 5
W7 — LR O BEY Y TV WET B 72DIZ, sub-
gaussian MERZHOEIGIZEHL TR LD E X1 M
sequential test 2175 fik% 2 DIRELZ, 5512k
LIL DBlEProZEZ THRETH B I L HRLE, TH
2 DD sequential test % FI\W T successive elimination
TIVT)ZLDWREIFo7z, BRLIZT VTV XLD
sample-complexity &4 — & — I HE TIXIENA, £
BRZIER L D BN BB LS 2% Y Ialb—va
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