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Applying Continuous-Armed Bandits to Integrated Exploration of

Goals and Means under Uncertainty

Abstract: Only actions reveal how effective a means is for achieving a goal in uncertain domains. Prior
work has modeled such problems using multi-armed bandits, often assuming a fixed goal to simplify explo-
ration. In practice, goals may shift, and their relation to means is complex and interdependent. Effective
decision-making requires models that transfer knowledge across goals and avoid risky combinations. This
paper proposes a framework that jointly explores goals and means under uncertainty. It embeds both into a
shared feature space and applies a continuous-armed bandit with a Gaussian process to identify promising
pairs. The model incorporates risk control based on predictive uncertainty. Experiments on high-dimensional
optimization tasks compare the proposed method with standard approaches. Results suggest that it balances
accuracy and efficiency and scales to high-dimensional settings.
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Wo TLEABATREMEOBRK b A[RE 105, 2 ki, BN
L FEOMHEREZXTIrOBRTHD, ZhsZ MBI
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Algorithm 1127”9, Z T, FILTER & T X A7~ i
BIUOEORREREME f(x7), o(xF) KK %, YV 224lE%
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Algorithm 1: HYFEZE-NITH T 2 AR

Input: WIIEHIF—% Do = {(xi, 1)}
for t € {1,...,T} do

/] NAR=RFG XA —RY GP DHELIZ EH
2 0:_1 < arg maxg logp(y,_; | X¢-1,6)
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// BT — 228
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72720, ZOHRIELUTD XS BEND 5.
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k(x,x') ~ z(x) " 2(x), z(x)= \/gCOS(QTX +b)
(1)
ZZT Qe RPXE D&EHNL Q. ~ N(0,0,°1) 2> 55
c:&yfuyﬁéh,beRR&[0%1t®*ﬁ‘ﬁ#
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ENTH TR D — 2V E V2

N 2 7HX /||2 2
k(x,x')=o0lexp | ———=F5— | + 0 0xx
203

S ¥, x=%x DL X1, ZHALHNTIZOZEMS 2 0
3 H—DFNVEEBTH . ZOELEHNS Z LT,
H— FUATHNIRD & 5 1AL TE 3.

K=~o2ZZ" +02I, Z=(z(x1),...,2(xyn))" € RV*E

RN E&$2Z2T, ZZT e RVN 12 LTH, Wood-
bury QEFEX*1 72 ¥ OITHMEEFRNEH VT R x R D/ X
RATHIDRIEICETERIRETH D, T — 2 NATH DR
THIDE R D 23 HEZ KIBICHIRTE 5. 2O
R, 7—2F N oML TH, FEMRER o M
WMASAIRE L 72 B .
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REGOBEE N XTI~ IV 23T 3 2 Tk [10]
%HmT6 RFF OB AIZX D, v A&ED TR
N, S,) 12 & BB > 7L DERIE, BT — %25
BONTEHANT FMLVOFERD W ~ N (1, Zw) ZHW
T, EEDOANACH LT f(x) = 2(x)Tw D & 5 IZFHIlT
3. ZZT, p, BEUE D, &, BHllT—&»08HX
NIFERDHDARTX—RTHD, RHHEASIFRTEL
mo. ZoBRickd, f oAt (Thompson Sampling
B R ROBDFEE) X, FHAREOEELN XTI,
f o xICEFT2EEERAVRELE LTAREL 12 5.
22, AROFE (3) NOXE L LT, 2 HiTilbN/z1E
AL (1) Z#BAT 5. AFETE, 1—FVDRT —
NRT R =& o2 W0 U CNEIER 2 FRiafme LT
REL, Xtk D OEINHE S FALIERE DR R Z2 Jiifi 5
ZRREWET 2. oL &, oF ITKT 2 EDNEER
S, UTok>1c5x605.
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3.4 #ELIRLT7—
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DR LEHREIC B W T E & AEL O & 72 i 233K o 6 1
3. PERFETIE N x N H— 3475 D#FTHI1 75
DEIEBR MLy 72 5H, ARETIEIRFFIZX 3
H— 3OV O 2 1S L, 1R HRICHE L 7w
Hz2iTo 7.

LUFTWX, RFF B E WG ECB %, &
TABBEETLONBILEB LN =T X =&
(02,02,02) € 0 TN T2AMOEHEZRT. 5, W
THE log £(0 | y) IZRD & S ITEHEh 3.
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x —log | K| — y K ly + 210gp(0,%)
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1 2 1 T 2
S— A .
= (W1 = 212713

1 2
— (1 2 _ — —log D
U/%o <0g0k Hko B 0og >

log L(0 | y)
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T, A= 1L+ ZTZ B=02A=1+ wZTZ
LEREINDG. kB, //I/Auﬂva 117 1, ﬂﬂ??%f\?
MLD2Z—2Z Yy K LLDFEERT. 5 2HDTH
HADERIZIE Weinstein-Aronszajn DIEZFE*2% VT
5. ¥, H4HESHEIA(2) KOKRDE. ZOZEFIC
o T, BT —&2E N KIS 2 KR A — 2 AT
Hl K € RV*N oifTAlEH R THIRGHEZEL, RIC
WEE L 72/ NEIRATHDFHE T E Z R RIS 2 2 &
DATREL 72 5.

RIZ, BNA 2= F X — 212N 2 AECEHE O SE#b
WZOWTR%. RFF Z#H 3 210 —fRIN7Z 7TV R
BETLIZBOVT, SN R=—NRF X=X 0, c 01T 3
NEAEOHEZ, UTFTE26h5.

0 10K + 10K
26, (0]y) x tr<K 89i>+yK 59¢K y

0 2
+ @ log (o)

CORBTIE K otHax r»&E <, FHICBE N
MREVGEICIIERENTH S, RFF 2EHET 2 2 ¢
T, ZOLBOREEZIELUC X - Tt TE 3.
JARGESRT A=K 02 LEABTE T A=K 02 1T
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*2 det(I + AB) = det(I + BA) for A € R"*™ B e Rm*n
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+ob |27z 27y

NS DEHIZBWTIE, K12k LT Woodbury @
TS 2 WA L.

NT A=K o2 1TBL T, RFF OMBICERYEL S
2 %728, NEIUE O ARLE RN 3B W TR 7R BT A3 26
¥i3. R(1) D, QeRE*PE o HIFTZ. Lz
MoT, op EEETE-0CQEHY YTV 7T 30
BHEL 225, ZHUINA =T X — X RFE LD REE
ftedb7zoF. 2 TRBETE, HR7X—2{torR
ZIRAL, 500 Q~N(0,1) ZEELCHET 2.

Q:Uikﬁ = z(x):\/%cos (alkﬁx_._b)
ZOLE, op EHRINCAHICIR S 720, WoTATHEZRIE
CAREBNT S LA TE B, of (T 5 AR
THL, RDXSI1Tk5.

0 1 0Z
— 1 =202 —Tr (2T ==
80']% Og‘c(a | y) Uw {0,? r ( 60’%)

2
—UZTY<ZTZ_BI ZTaZ>}

o? do?

+ 202 {(ZTa)T (%)T a}

2 1 1
(1 + — <log o — o — = log D))
Jk k() 2

::Ta_nyA%BITytﬁﬁéﬂé ALTH
RIS 2. 7B, 522 e RVXE ZILIRD XS
RIS S 2 65,

~T
gé_,J;@m<;an+b>@<igz>

ZOHBLRICE D, RFF OMEZHER L2 % of O
B2 RINTHNC T % 2 728, ZhRIID DL EITNA R —
RIRXA—RDEFHHAIREL 72 5.

BB, NARX=RTX—& O DB 0; 1, WThD
0 X REWEIHAIRFINZ 720, RELICBWTIERE
2218 n(0;) = logb; L TOHEEIEYIL 725, T
BHEEX D, n(0;) BT 2ARNE, IHFTEELL 6, 1
32400 0, HHZEL 22 THELNS.
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4. FHE

4.1 FH@EAE

3 HICEA LB @ FEOFRAEZHEES %
72, ¥Ial—a ik BiHMAEBREEML Iz, AR5
BT, BN T 4 v MIZBWTEXOTEDS RIS
2 2R BNRHEN BRI LT, 32 RILOERZEME MR L
L7z, HMEEIZIE, S0icB 2 EOREED 5 DR
BEOZFFE LTURD X S ITEFKE NS shifted sphere
g AV,

D

frx) =Y (@ — 1)

=1
T e[-3.0,3.07,
r=(ri,r2,...,rp), 1 ~U(-3.0,3.0)

ZZT, x IFEFHRDOANNT PLTHD, ST
[—3.0,3.0] DEFICHIR TN TWS. r FEXTICBT 3
SYRLRY T MERZ MLTHD, FRAFAD r; 1ZFET
< [-3.0,3.0] O—HD i SHIY T v IR 5.
BUAMELIIEFS 0, FHEMRZE 0.01 DIEMSICHE S iE%
MATED, /A RXEEFORRNTE r ZHETZ 22D
RE(COBEREL 5. 7B, AFETIIEGHANY T 14 v
t O AIC B 2 HifF o s biE, 2 OBIEEO i
MRS 5.

Z OREREEICBWT, B ROBHE DEINHE S 5
Ha R b ORI O [EEEMERE % i S 5 720, T
D2 ODIEERENG L L
o BRIFHICEIT 2 ZNETITRINREI NP TR

bRVWHDOL, BEORMME OXDRE (BFY 7
Ly M)

o JIEMDEEICE T 2 HIFH (HeEimie)

BFHEITBWT 200 ElOBEMEE ZERML, BRI72ME
REZFMEi L7z, 72720, B&FEOEEINIIHAIHERE L
T 1600 FEl53 D 7 ¥ & LB EMRICHIET 2 BHEERZ 5
ZTW3. ZHUXERITTZERNIZB T, IR & &0E
L7 FRIMREZ FEMR S 2 72D I IE—ER DB T — X 23R
AIRTHZ Y, BRI DORHEDD & TOFHERD
WENHENREF L 25720 TH5. 1B, HLEEH
MR DG RMERE FET 272012, BERZEES —F
ZFRHWTY 2 2L —ya Y% 10 BTV, ZoFEEERER
ELTHW.

telgsatg e LT, DURNOEIRIT R % fHiiic & 7=,

o FVURALYYTVY Y (Random) : (BEH%E —FED AR
o TT U B LITEET 2I7E.

o Tree-structured Parzen Estimator ¥ > 7 1) v 7
(TPE) [13]: & — 3 VEEHEGE L7zt z v
K.

o HUZEEE TV + Thompson Sampling: FEHRH K

where x = (x1,22,...,2p)
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— 3HITHALZAEK (GP-RFF)

— 3HiDHD & EAHERREZFR < (GP-RFF-No-Prior)
3EIDITERD AL =0T X — ZER D =t L RE
%< (GP-RFF-Naive-Gradient)

— IHERR A Y AiEfEE TV (GP)

HBHRIZOWT, Random [ FRBERN—ZAT7 4 VR
LTHA L. TPE &, 887 —4%BHEICE DN T
LR FEERIC L, 2he i LTl — I VEE
HEWC X DR LMD HICE S W TRIEM 2 AR T 5
Bt FIETH . Optuna REDLL HVWSRTWE R
BT A 77V RBWTHRERNICERAEATHS Z e
5, BEFEOFEMMEZMELT 2 HIUTHEN G L
7238, Random B XU TPE DEEEI2IX, FHliR S TORK
#N—Ya»TH5 Optuna 4.3.0 [3] TV, Hv R
£ 7L 4+ Thompson Sampling IZDWTIE, FEERM
DMPEMEET 5 Z e R HINC, BEAFRB L UZOIRE
FRZ2FHEiNR e L.

Y REREE TN DWW THEEN R E T2 1A =85
X=RiFoltolkl, o231 LEELL. ZHUITH
FEBIIBWT 02 ZAIZEICT 5 & o NDOIEHILORR %
FHHET LS REZE REDHER I N2 Z & ADRLT
H5. ZOEHOMBHIISHROFTETHS. kB, EHIL
DA IR=28F X = R TIRERTHMES IR S N e
1 por, = 0,02, = 0.005 ZHRH L7=.

%7z, RFF ZHWRWEHER LAY e 7L (GP)
Tl&, RFF IZHIFT 2 A 28— 5 X — RFER O @ bk
BB XY, BREESENIRVWT Y 7Y ¥ SR
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Fig. 1 Comparation of cumulative regrets.
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