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Extension of Change Detection Method for
Non-Stationary Linear Multi Armed Bandit

Abstract: A multi-armed bandit problem is a problem that maximizes reward from making choices between
candidates called arms. For the application of advertisement or recommendation system of this problem,
the contextual extension of problem setting and policy is proposed to deal with variously and continuously
changing user preferences. For non-stationary problems, policies of making choices follow changes by observ-
ing reward change using change detection methods. On the other hand, for a linear problem that changes
reward distribution according to factors, the decision-maker of the policies must observe all reward changes
that increase exponentially. In this report, we propose a non-stationary linear multi-armed bandit policy
to detect a change of reward distribution from a single value transition that is independent of the number
of reward changes. The proposed policy estimates coefficients of the factors from the number of trials and
rewards and detects a change of reward distribution from the sum of the estimated values. Also, the policy
can follow change rapidly using dynamic hyper-parameter turning. We set up a non-stationary and linear
multi-armed bandit problem for the evaluation and confirmed our policy makes the performance increase.
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Table 1 Problem settings and policies of multi-armed bandit problem.

Discounted UCBJ[11]
Sliding Window UCBJ[11] LTS-
e-Greedy|7] LinUCBI5] Dynamic- ADWIN. Anneal
M DR A UCB1[8] Linear- Thompson Sampling[12] LinUCB.
Thompson Sampling[9] Thompson Sampling[10] Discounted TS[13] ADWIN. Anncal
Adapt-EvE[14]
S-TS-ADWIN[15]
—%E v v v v
SHRIZ & D PE v v
TG @ T2k v v

ATEEL—BEA TS RIZEH L, BoORTFEEBIZH 5
Tz, BBECIEHDNT VAZFHET ENA =T A =X
DENARFHEEZ1TS . THid Algorithml @ 10 17 HIZE%Y
35, ZOXRTI, BIORTEHE KT BHTHET 2
BT 5. MEOLZEANYT 1 v MHTEOMIEIZB T S,
BREFEHDONT VAT 2N RX=RFA—=RIZZ
DiEZ WS Z & T, BORAATEEOEINIENTEHZ,
AT OB E 725612, BRIPBELT 5 Z & HH
BBE 5. B, KRFEIZBITBEINAN=NITRA—=—RTH
% B(>0) 1T X DERMINTKEDMEOKRE X 2T 5.

Algorithm 1 Linear ADWIN Anneal
1: function LINEAR-ADWIN-ANNEAL(Z, A, B, f, b, 1, 3)
2: Update B; = B; + bb"

Update f; = fi + br

M =B fi)a

Add M into A;

if A; detects change then

A; shrinks window
Update B; = ZE—IAJ bb"
Update f; = ZL\AlI br

10: end if

=2 e

12: return A, B, f, 7

13: end function

3.2 BEORELRZE/AAVT 1 v MEBEOEEDIR
3.1 HiTHRE L ZFHEIE, 2 L BRI N1 =
TA—ROEHE, MATZLHNNYT 1+ v MEAEOMR
FIRIF U, 20720, BFEORIEREBNY T4 v
NAEOMIEEIRT 2 Z N TE L. KEiTIE, P
BEWNY T 4y NEEOMIETH B, Linear Thompson
Sampling, LinUCB 2 U T, REFEEZEHL, EEH
MOKMIER LN T 1 v NEEOMIEN EHLRT 5.
PEAR U 72 @ik 7 v I X L % Algorithm?2 & Algo-
rithm3 (2R3, dIRGTED IV T F A MERZFD K RO
FTNFNIZ, By, fi, A; BRESINS. Linear Thompson
Sampling Tl B~1f 2¢5, B~ 20 T4 E&IE

© 2020 Information Processing Society of Japan

Algorithm 2 LTS-ADWIN-Anneal

Require: Set of arms [K], d-dimentional context
: ADWIN confidence value §
: Anneal parameter 3
Set B;=1; V; € [K]
Set fi =04 V; € [K]
A, + instance of ADWIN with §, V; € [K]
: for allt=1,2,..., do
foralli=1,2,...,K do
Sample fi;(t) from distribution N'(B; ' f;, 7B; ).
end for

© P XD R W

—
@

Play arm a(t) := argmax; b(t)" 1;(t), and observe re-
ward 7.

Update A B, f,T =
Anneal(a(t), A, B, f,b(t),r:,8)
12: end for

—_
—_

Linear-ADWIN-

WD S o 2RkD, tEIHORTIZB T 20 i ~D dik
FTEDIAVTFAMERTH S b;(t) L OB IRE K&
bz EETSH. LIUCB TIIZ 21201 225k
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DOEAMHZEITS. REFIETIE, ZhosDffikcHVS
NTWIZFRE RN T A =R DWE HiEZH T WS,
WHEIZHWEZ B, fOMRE2ZOEFHVEIENTE,
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IZE 0RO NTEHRNANR=NRITA =R T 2HNEZ
&T, ATEE ORI EWNIEH, RATEE O &
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4. FH

4.1 FHMERIE
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T AMREEFEMT 520, YIal—YarEfTo
7. ¥Iab—varvTiE, Waikd =8 DRE NS
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Algorithm 3 LinUCB ADWIN Anneal

Require: Set of arms [K], d-dimentional context
ADWIN confidence value §
Anneal parameter 3
Set B; =1, Vi € [K]
Set fi =04 V; € [K}
A, + instance of ADWIN with §, V; € [K]
for allt =1,2,..., do

for alli=1,2,..., K do

6,(t) =B/ f;

LinUCB;(t) = b(t)70;(t) + 74/b(t)TB; 'b(t)

end for

—_ =
=T B U v o e

Play arm a(t) := argmaz; LinUCB;(t), and observe re-
ward 7.
12: Update A B, f,T =
Anneal(a(t), A, B, f,b(t), 7+, 8)
13: end for

Linear-ADWIN-
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IA—RIFENEN, 6, = [14,15,16,17,18,19,20, —10],
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T 5728, 500 KEHIZ 6, D SIRTCHDA-11 ITEET
3. $bb 0 = [12,13,14,15,16,17,18, —11] £ 72 5.
AVTHRAMERbIE, FXITLH0 L 1 OEEEAED SED,
FRTEDEIX 1 L2 BHER p = 0.5 DRIV X —A AR
WELNEZ LT 5. t RRDORITTEIRU 72 2515
SNDHIMIE 0Tb, +¢, L7025, T T TR ¢, 1ZF¥ 0,
D 0% =2 DIEBIAAICHRES LB E AWz, d, Tl
AW RO RAERZ LT 57201 EdRD Y I 2
L—ya v 500 [\, 2O EEERE U THWE.
AFHM T, ZOIEEETHMEREZHANY T« v MiE
XL, 3.2 i TRELUZEEFE (MLIF, LinUCB ADWIN
Anneal, LTS ADWIN Anneal) Zfi#i%e UCHAHAYT 5. %
7z, WD, LNy T« v MNIEOMIETH
% LinUCB 72 5 (MZ, Linear Thompson Sampling(2A T,
LTS) 27§ 5. Gh¥T, HEEHLEZHNYT 1 v b
MEDRETH 5 S-TS-ADWIN % 3l 5 A, ALl D
BREZEDYE, WHAIEIZERIMEENEL, fTROb
DOEIRAOH L % R\ 7= ik (BUF, TS ADWIN)
EHWS. £7z, FROILEEZ UCBL (2L 72 f#E (B
N, UCB1 ADWIN) &ikiid 5. A&dE, XREHZEZ RN
TS ADWIN & UCB1 ADWIN {22\ T, SUIRZ &3]
DOfiE UTEHIIT 2 Z & THRAMIZ SR Z ZE L 7-.
BIREDINA 78— I8F5 A = RIFFAHERIZE > TRD 7=,
FAHERBRTIX, 5, 10, 20, 30, 40, 50, 75, 100, 150, 200
DHL, BREEMIREEL, BBV 7Ly bRBMKEL
ol MEERALRZ. SIEIIBITANANN=NT X=X
1% LinUCB T a = 20, LTS T v? =50, LinUCB ADWIN
Anneal TlZ 8 = 30, LTS ADWIN Anneal TiX g = 100
Y72 o7-. UCB1 ADWIN & TS ADWIN TlI/NA /N—0%
FIRA—=ZPFEIEL RN, 72, ADWIN DA I8—s85
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x 2 HEEMERE) Ly b

Table 2 Cumulative reward and regret.

firgik SRR | RBRY Ly b
LTS 108248.94 4003.44
TS ADWIN 107526.03 4725.26
LTS ADWIN Anneal 111431.18 821.68
LinUCB 108731.40 3522.99
UCB1 ADWIN 108092.71 4157.86
LinUCB ADWIN Anneal | 111699.39 552.76

A =R ST R DR B XS5 %fEE LT 6 = 0.001
ZH\Wrz. 272U, UCB1 ADWIN & TS ADWIN 22\
T, XIRZ LAZATH DT 2 Z & 5[ URE TE(bMR
HOPTbNED 7720, § =052 L7, b8, FiiER
DY Ialb—avEEL 100 BITHS.

4.2 FHEER

V3ial—vaVvEiRER2ITRT. BREFENMIZ,
BRI A, BV Ly ABMETLTWAZ A
THNS., YIab—varyoREV Ly ho#BZ
B 1IRY. £, N RA=RFIRA—XOHEBEH 2 125
7. K1 kD, ZmdiZAVZW LTS % LinUCB OF;
A1, 500 BEfTORIE /8T A — R DZAkIZxE LT 2,000
BRIZBWTEERY 7Ly bBBEIMLTWEZ 2 h 5,
FEEHBBRBEIZBE W TR EOBIFEREME L RIET
Zebrd. —hT, iR NEZEUTEXRT
CIZHEAR A% AWz TS ADWIN & UCB1 ADWIN T
i, XIRZ L IZBRITAA BT 2 2 & 6 -t O B R ANE
N, V7L NOPGRIZKIA R o TW0nad. Zhs eth
LT, BEFETIE, BELZEE AT A —XDHEOH
TOEAMREPEREE, BELZT 575 HAICBWTE
Y7Ly b OBMANEMERIZR>T WS, £z, K2
L0, BETHEIZLDBENANRN=03F X =R OB
Ko TR /R T A — RIZEAD R W IR E2 I X,
TALRHIZER 2 BT A 2 L CARERER 24 =, M4
TRV 7Ly bERESHAZZ PR TENS. 7
B, LinUCB & LT LTS DEEY 'Ly b2k L
TEWVWODIE, LinUCB TIRHEE U728 BN T X — & &3d4T
[ S BB ETE SN 55, LTS TIEE L 724
o8 A= XD SHERMIZHI N RTINS Z & THICHER
PITFONLAREELH 272D TH 5.

4.3 EE
FNENDORIZ BT B BEDIRDENEE 3 2 412
AT KO EBIIHEE UM T A =X DFOHE TH
5., BODFEPEDORIE AT A —=XOMEZRLTWVWS,
MO TEIZT 4 R34 X0OHBTHY, BT A —
ZOHEIZEDORBEREE TORMTEREMA L1 %2



BERLEBF SR RIRE
IPSJ SIG Technical Report

Cumulative Regret

— LTS _—
—— TS ADWIN
20004 — LTS ADWIN Anneal _—
—— LinUCB

—— UCB1 ADWIN

—— LinUCB ADWIN Anneal

3000

2000 A

1000

T T T T T T T
0 250 500 750 1000 1250 1500 1750

B 1 AfTEEREERMY Ly bDYIalb—Y 3 VREEE

Fig. 1 Comparation of cumulative regrets.

Hyper Parameter
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Fig. 2 Comparation of hyper parameter.
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AIBUZZE L.

X 3 Dl ag DRRE/ST A —ZDHEIZDOWT, HifH
WZERIE S5 A — RIZEALD 72D 5 2 i ap TIRBIRETE
OEWIER U2, 72, REFETO Y+ Y Ry Xz
DWTC, BEORITEBUIN U TN Z & 5 S MG 12/
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X 4 DBE a; TIE, 500 KESORRIE/ ST A — X DEALELIZ,
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Sum of estimated linear parameters of Arm 0
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Fig. 3 Comparation of estimated linear parameters, window

size of arm ag.
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Fig. 4 Comparation of estimated linear parameters, window

size of arm aq.
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