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An Improvement of Reinforcement Learning Agent’s Policy
by using a Bayesian Network

DAISUKE KITAKOSHI,t HIROYUKI SHIOYA't
and MASAHITO KURIHARAf®

Reinforcement learning is a kind of machine learning. It aims to optimize an agent’s pol-
icy by adapting the agent to a given environment according to rewards. In this paper, we
propose a method for improving policies by using knowledge, in which reinforcement learning
agents obtain. We use a Bayesian Network as knowledge of an agent. Its structure is decided
by a model selection method based on information theory using series of an agent’s input-
output and rewards as sample data. A Bayesian Network constructed in our study represents
stochastic dependences between input-output and rewards.

In our proposed method, policies are improved by supervised learning using the structure
of Bayesian Network (i.e. stochastic knowledge). Introducing the mechanism of improving
policies makes reinforcement learning agents acquire more effective policies. We carry out
simulations in the pursuit problem in order to discuss the characteristics of our proposed
method. Furthermore, we discuss the information about agents’ policies represented by the
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Bayesian Network system.
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Fig.1 An example of Bayesian Network
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reinforcement learning agents
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BRI,

(p3) I T & DTATELEIR.

FEEREREEIT, K 3IR L 2 MiHA AT S, =—
P ML, BB Vr AT —Y 2 b EBEONER
wEvYAREL, kAL - B EED8)
E~DOBE (BEIRIL 3pixel) , BIEILEE VI FH
9 FEDITED 1 D&M N ET D, v TFo—Tx
FREEICBIT D= —V = FOREBEBN, hox—
Vx v NOITEEIKET D35, RIESEBICAHEE
PERAECCTHROFEBNEL 722 2 L2 b, BREX
BHECHDERRED. Bl RE FAICEE LK
Bh, ==Y = FOBF LD ATIEROGEHHIZHIR
BB, (p1) ~ (p3) DIRIZERBEOBME S 13K
T5. PAITHHIE Eo DR L¥—% AL, BE~OH
fililRg, BENFIZ E_, 15IEREC Egqy ODZFNVF—%
4. £z, FA O PA X 2%, PA & FA O
RS S/ 5. PA 28 FA ZHiif L 7=3007 %2 ik
17, PA D= VF =N 01270 7237 % REGRIT &
MEOY, AR fTHRICBIT D= —Y v FONLE, =3V
F—IWHIMEICHRESND.

WA, PA 2 FA 2385, 3 KO L7kl rp
(> 0), FA 2 Vr sMciking-m, PA 23BEZEERL7-
KR rn (< 0) 252 2. EAOMME, fK/ME, KK
EEENZEIN wo, Wmin, Wmas & L, EADHHIC
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Fig.5 Typical examples of the structures of constructed Bayesian Networks

® 1 HEEHORE
Table 1 Settings of variables

EH [:] £H B | £% | &

E 3 s 5 G 5
Estay 1 Ip 100 L 5
Eo 2000 In -100 To 10

Vr 140 Wwo 200 o 0.95

Y 0.1 Wmin 1 T 10

I'im 0.1 Wmax | 20000

THYRITEZ B2 FREFET o720, =—V =
MEIE T ATOES Cp IZELDBAE L 5 E TR AT
BaH Y H20 10, RREA LA U Bl b — B KO
TV — NEERTS. &I, FH LR LEE
SH D720, PA Nk LT FA i+ 5icoNn T,
WMNEZ 0 ~&LBL &8, BAEHZMHET . E
WOBREIZ L > THEERINDZSA T U xy MY, #
M/ —RE& 1B RE) —FEATD. EBRT
Ls=5&LT, 5 20 FIRRE — RIZHEM/ —
REMZIZ 6 J—RONAL DT %y b ERERS S,
D%, {Xcg}z':l ..... SICEENDK B UFRE ) — R
L, RO DB /) — R DGOV BN YE 217
9. Fv NU—7 OIEREICHODHEE 2 E LikD
WIENREIL To & L, IREOEHIITRERI R o D
R =— VT RERT S, 2, xy hU—7
RS OERITFEMEE (MDL &4E) ofE2s 7 [[ZE L
L7eho e Bk T S/ 5. ERTHWDL A DR
ExR1LIRT.

FEE, FIRSIATEIC L o TR Y 1000 #&1T4>
TV, AP TRICHT RS EE T o230 (RETIR)
LIToihr oo WERTE) L ofRE T 5.

R2 Xy bNT—=THF0/— FIZxHGET 288, 2o AN
Table 2 A reward and sensory inputs corresponding to
nodes in the network

B XUt HAD |/-F| &M &bV HAD |/—F

HA Xr | I-UvbREICER | X,
PEALTLEY | X, | T-VxVMETIEN | X,
BEEARICER X | I-JzUMETICER | X,
B TARICEN Xy | T=VTUMERTICEA | X0
BEhARICEN X4 | IT-JzobEBICER | X,
B FARICER X5 | T-VTUMEALICER | X,
I-JrvMELICEA | X, | T-DvMEEICEE | X,

SHIHDOFRIZOWT, FTEEZNETN 10 [BEH L
THEBREITD.

5. #ERLEBR

5.1 RAPTF7UFRy MI&kBAKERERE
XU, MRS (a) 28172 FA OFK 3
FREEIC6F L CHESR Lo A U7 v % v ~ o BB 224
L, TALOEBBKIZOWTHKETS (B5) . X
HORNILTREINZ 6D /— K, BLOERLLOD
A CKRHED 1%, 3.1H#i0 step2 THSET 5% v b
T—2 xS L, 70 o 8D — RIZBET A1
BRI L > TRELIZLOTH D, £72, 2E
HTREND /— RiFfho s — KEMSZZR (V70
FAELZRY) J—RThDH. &/ — RBETHME &
VY AN ER 21, FROWHEFATS, Bk
He ) — RO ) — F~D YV > 7 & SR 3k &
LTER3IIRT. ROBFHAILBTS “ () ” To
T, TRENOFHFICENT X, =1 Lo/ i%Y
T—HEERLTVWS., T—2EDIELSX X FA ©
EDFROBENNSAELTWD ETHENDID, £
TNOT—HIZT—Y x> FORITHRRIC L D H RS
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Table 3 A conditional probability table
%% | PO=11X,) Xo DM ({78
0 1 2 3 4 5 6 7 8
P(Xr=11X;;) | 000 | 050(2) | 0.33(1) [ 0.30(3) | 0.10(1) | 0.17(6)| 0.00 0.00 0.00
P(Xr=11X.,) | 0.00 0.00 0.00 0.23(3) | 0.26(10)| 0.00 0.00 0.00 0.00
()| PXr=11X:2) | 000 | 021(3) | 0.17(2) | 0.21(7) 0.00 0.00 0.00 0.00 |0.33(1)
P(Xr=1[X..) | 000 |0.27(10)| 0.33(1) 0.00 0.00 0.00 0.00 | 0.22¢(2) | 0.0
P(Xr=1IX.5) | 0.00 0.00 0.00 0.00 0.15(3) | 0.21(6)| 0.20 0.00 0.00
P(Xr=1[X,) | 000 [0.13(18)| 0.06(25)| 0.11(1) | 0.25(1) | 0.06(2)| 0.00 | 0.25(1) | 0.00
(02) P(Xr=1[X,5) | 0.00 |0.09(34)|006(14)| 0.00 0.00 0.00 0.00 0.00 0.00
P(Xr=1|X;s) | 0.00 | 0.00(1) 0.00 |0.08(40)] 0.08(7) | 0.00 0.00 0.00 0.00
P(Xr=1|X.,) | 0.08(1)|] 0.00 |0.07(42)|] 0.00 0.33(1) | 0.40(2)] 0.50(2)| 0.00 0.00
P(Xr=1[X,,) | 0.00 0.00 |0.06(15)| 0.04(7) | 0.06(3) | 0.00 0.00 0.00 0.00
(p3) | P(Xr=1 IX.,) | 0.04(3)| 0.00 0.00 0.00 0.00 | 0.05(5)| 0.05(7)| 0.05(11)| 0.04(4)
P(Xr=1|X.s) | 0.01(1)| 0.00 0.00 |0.05(11)] 0.06(9) | 0.00 |0.04(4)| 0.05(5) | 0.00

FOBBRIZL>THLNEZLOTHDED, T—2%
DENZE BT, FAHERERIIAREICINST 5 PA
DI FORMERHATE VWA LEEZLNS. M5 X
D, KWHLO/—Rix (p2) & Xy, ZRNTZATH
BEDONEEWMERT /) — R TdHV, ZHIXPAZ, FA
ZRGNT DB R BEA AT DBEN LN L BN
LTWa. &HRICBITS, WM, — Fe kg
=KLV T, BV, BEXORyY FU—
JRNDA ) — R (HEREH) ORI b —fE%
AT (R 4) . BRPOMITBMAFERTO 10 fHOF >
NI =2 IZBT D EEETH D, £, (p1) ~ (p3)
IZBWT, BMWEERTOR Y b U — 7 EEIZE LT
Be& 7e E LiILOSERE CEEMH) 132 Eh 41.3,
39.1, 33.6 L7207, RICBIT LW/ — K& Dy
U > 7 #ofEX, BREIZRT D8 EITEIOKFRIR
WIS Z R TE D, (p3) 16D FA I, &
CPIREEBICIRTFE T v Z MATE 28R 50, —
DO/ — RENKAFBER O FEE L2 AL/ — R o
Ur 7 BEELRNED, V78N R/MEZR LT
Wb EBZLND. WL, W, — KDY 7 Hn
b2\ (p2) TiE, PA BRI 2ITEHEEHND
WEZ, XV BEERHERMKFRERAFEELTND &
WZ D, BT, REEBORHEFEEOREIZER L
T, R 7T OWTHT 5 &, RHEEED
WEOVIRWHHiR TR TH D (pl) OV 7 Bnik
HE <, WBOKER (p3) OV v 7 H#N e leo
T3,

—5T, BIMFEEHOR Y NT—I DY s
BIZoWTHET 2 &, M5 NEHLMNT (p3) I8

®4 VY7 HBIOREIERY bR E—OFHEO LK
Table 4 A comparison of the average number of links and
average value of joint entropies in three policies

FA0)73"§ (p1) | (p2) | (p3)
ﬁﬂﬁjﬁ; 41 | 46 | 38
ko | 13.0[125] 1.9
R o | 3.36 | 4.28 | 5.14

J5YV B Rb . RKERTIE, == b
D= IVRBNE RN E S T LT =2 L LTND )
RIEBB OARHEEMEOFERRE W EBESEETH
%) %, WORET IR EZ AR L T 572 DI E
REDY L TINT =2 %5852 LIRS TH D, 3.1
THIkRZEEBY, ZOMBILEMNNEREIT / —

RIZOWTHIZBEICEND Z &R TFHREND. 20
R, REREORERERKIIIEEINLD/ —FK
BT D) 7 Bk L, £4 EHKTORERE RS
oo Ry NT—72RE L CGHEZEEEZRET 572
WITIE, BBMAEEOMG E 5 ) — RionT
+o 7 mOT —F HWET LLERD D.

BT, FIRFZ > 1 B —OSEREIC DT bkl
5. REBRICBI DR hrE—E, Xy hU—
TNORY I EMR 0T, &/ — Rin—knfitied
BRI (11.679) 2 & 5. 22T, FFTY b
E—DOR/NBERE T 5 Z 21k » T, FA OF%%E
GO BREICHGT D PA O ROBHES, LU
BIZOWCHERT DI ENFARETHDH. £4 L, [
Bpm o b o B — 0K/ NBIMRIZ TR OB S & ehin i)
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Table 5 A comparison of two methods in (p1)

#kFE | REFHE | #kFHE REFE
2L

FHTBHEHR
1~10005 17 95.92 234.86
1001~2000517 | 98.45(94) [ 98.25(93) | 206.23(157) | 198.63(144)
BERE 056 | 079 15.99 16.26

£6 (p2) XTI HHROLE
Table 6 A comparison of two methods in (p2)

| stk [ REFS | fkFE | REFE
23 FHTBEK
1~ 10008845 69.99 193.01
1001~20005477 | 72.81(52)] 76.46(60) | 194.70(151) | 203.62(147)
BEEE 692 | 566 15.83 13.96

&7  (p3) XTI DRER DL
Table 7 A comparison of two methods in (p3)

#kFE | REFHE | #kFHE REFE
F2ES

FHTHEH
1~10005 7 76.05 222.81
1001~20005%47 | 80.82(67)] 80.99(70) | 226.24(171) [ 225.45(179)
BREE 426 | 421 9.66 7.68

, RBEERS O R I DB B ITHEV A
Ko brE—OEBHEMLTND.

INDHORERNG, KRR THEIND Ry hU—
7 O, FA © 3 FHO I K % & BRI T
% PA OFROBMES A RMBEMICRE L, REOHE
DY I HROFMET Y b E— OB E TN S
ZENbND.

5.2 ARBEEDRFMY

B BREE (a) (IR D, FA ORI L7217
TN CEBATRIERD) , ROVEEITICE D D)
RATHOEE (IR 12 OWTIREFE L ORTE
ZHEBL, BEFEORHBICOWVWTELETS. (pl) ~
(p3) BT DHERER B~TIRT. KPOfHEIE, 10
EOEBROFHETH Y, FHITEEEILREIFITO
FZOWTCHEALIZETH D, “ () " HoofEix, £
BICBTHEROR/METHD. T, RPIITHE
BER ORIIE, FHTEIEROFEERAEL LT
2723, (pl), (p3) IZBIT DI, BIV (pl) 1B
\F B R T BRI AR O R R S 1 TR & b AR O
Lo TEY, B OESICOWTITIRETIENEE
FHELVET/ NS RMEZ R LTS, MR R
Lo B RE, Zhb - oOOTEIHET LR
HHEORENFR —TholzlmbtELONS. £z,
FRWEORER, MR, EHTHEE OIS &R
INEL Tpotzln®, Y OFICET A IRETIEOE
WlREN NS hofz b PRISNS. %5 LV, (pl)
R BEIRIL, @mTEORE & B 100%12 3T
FERERLTEY, PAITBYTRMAE®R DS FA & i

L INEA Y2
FRmICEE

Nov. 2003
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220 —
£215 :
8210 = —Gs

figos |-\ ;
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ﬂzoo \q/g\g\ R &
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195 X
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1 2 3 4 5 6 7 8 9 10
S (x100)

6 (pl) D% 1000 RATIZH T 2 FHTEIE S OHER
Fig.6 A transition of the average number of actions in
the second half of the trials in (p1)

[——BEF# - - kT

80
78 )a\ oy E

7 - STS

2y 5
68
66
64 1 1 L L 1 1 L 1 1

1 2 3 4 5 6 7 8 9 10
(X 100)

7 (p2) DO 1000 RITITHT DR OHER
Fig.7 A transition of success rate in the second half of
the trials in (p2)

THHREEEL WD EEXLND. o, X558
LU 6 22 b, FRUER () ICBTLHREFIE
ONVLATEHEIEL O, 3 L OF OR/IMEIZRERTIE X
D7, HEENAFA RN UcBie 0 FEI k-
THHRMIC FA 244 2 L 2 I insEESh TV
LT ENbMD. FO—IT, HBEKTHROVEEITE
EECOEIE = DEBRRE BT Di/IME (8 80) 12
LTELT, FSIEHEORME B R LIRSS
bz, (p2) IRBWTIX, WHFOTIEICBIT %Y
DRI, AT LD K& efliz R LT
W5 (k6). RFEORHRIT (p3) THELETED
(7). PHTEHEEAS EE LUEIKE, PA 23 FA
ZBHT DA LR, 2 ofTEzeEH T2
LT & 5T, FA ZHifErRg & 72 o 73 TAMBIN L7272
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Table 8 Success rate on a large-scale environment (b)

e ik 1)

{(p2) {(p3)

WEkFE [ BEFE

EkFE [BRFE | itCeTE [EXFE

1~1000 6420

1459 53.36

1001~2000 | 69.23(53) | 72.19(58)

20.84(2) | 24.18(3) [ 59.19(46) | 59.34(47)

EERE 476 477

8.39 8.16 3.25 3.45

HEEZLND. £, (p2) 1B 5 FSEFER DK
WROHR (R7) 0D, BETEIFREEDOERL
DHRIIEN EFHLTRY, ZOMITFHICHERTIEL

DHREWV. MZAT, £605, FREERORET
BZBT 2B/EIEBERTIEL Y RERHEL 2o
TWBZEWbing., £4TRLIELIID, (p2) 128
JEHIM —REDY U7 HIE 3 2OFRD D b b
%<, Wi — FLDRERREAETLIZNED / —
RERWEARYWEPENMEA LTS LWVWR D

=7, RT LY, (p3) OHEIIBT HREFILEOM
R, SEBTENEISUI AR TR L EIER UEE R LT
W5, 51fiThidmlB0, HE (p3) TiL, #
Bl D52 5 BITEIOBLY FIEAF Lig\nhiad, 1’
% LT iR RAFBIR A R A 3 5 R IE 03 2R
AR Leholz B2 bd. AT, sbEgic
L BHROFENKNEETH D L 57, IRIEER O R
FEHOREVEBIICEB W TIE, * v MU — 7O
OETIVERRBEEY TN ERTHIS, E
LFRE, ZhERM 7R RYGEIIHIR TE R0,

Bthls, KBBR8 (b) IR 2R E2R 8 IC
AT RBEY, RO MIEERANNESERED b
DE VRN, (p1) , (p2) IRV TIFIREFIENEK
FEIVEVEZRL TS, LEBR-T, BELE
FEURAT AT, KEWEZRBEREICRB N THE O
RAEETS DI L RN REUHETETH D
Lz B, Fe, MTEOFREEEICONTLHKT S
7o, % 1000 BATICE T D I—ETIEO L %
LAREDEAE RS E TIC, HEORTENE L3 YT
e (BERTFHEORITER/1000) 12X > TR (R 9) .
IEERREE () IZRITDHR (pl)  (FHho*) i
B L CiE, MTkEE BIRIFE 100% ORhETH 727
b, EEATHEHEIZOWTOE R L. 2B, K
WENEINAER L2 o7z (p3) 12OV T HigL
T TRV, RITRESNDHEY, FHEFEMEOFEN
REWV (p2) RKHEZREE (b) IZBWT, EETF
BIIREFEOR L Z 2 F0ORITHEE B S RITT
FREICRWVEREHONARNWT ENS05.

RRETILEOTERTIEISHT 5 oy 2o B % TR
LEOICIEE SR DIMAENDMBETH DD, SEEON

x9 FHEEOL
Table 9 The ratio of learning speed

FAD FiE
{(p1) | {(p2)
=i p p
(a) 1.45| 20
{(b) 19 19

TeRERD D, FRUWEETT—Y = v b ORI
AR, BROGRFEHEEDOLWHFICHFE L TND L
EAbLND.

6. EH Y I

AELTIL, A—VRIIEH A b & ITHEEE L 72~
AT Ry FUAT SETEERRERE UCRIH L
Bl —Y s FOTRYBELRE L. 2%
FEOFBICOWTEET 5700, =—Y = MER
MEZ R LR AR ER A T L7z, EBRORER L
LT, #Esnzxy hV—r BkEEF=—V = b
FREGUREICHIGET D, BfE—Y =0 FO%
RIZOWTOMRIHHERB L o TWnD L%, U
YU, BRORBZ hu—%igd 52 Ltk o
THER L7z, F7o, BIET—T 0 bOKFRIL, HEE
Sy NU—7 2R L= Zdid v FEH X - T
hRMNCHEFRETH D Z &, BEU, KHMRRE
RECH L TH AT MR EEET L2 L7, [
BROBRE/OND Z L E2R LTz, 61T, RETFE
O AR 72 B RERR I DWW TEB R AT 7.

LSHBOEE LTUE, KV 0ERBEEL D LIC
WMETHIRE R E 2B O kkx PRI LT, BEF
BOFIEZSOWTIRGET 5 2 &0, fhosh{b8 ik,
FICBRBERER Y 7 e —FICATEEEA LI HED
BEOKRFENRZE T 5 5. Q-learning DE, /L—
NVEHE QEEDOEASMEDEES, Q-Learning D
BRSNS EAFIEDBEENLE L L. _APT
v hoEROEmE L, ArT A AkiconTiE, 1F
I ICRBIT B4 U7 % v hOFEEICET
LRI SR &, ARBFSEICEB T DHRETIEICED
FEBEMT L2 L TUENHIGFIND. £, (LT
BA~OHHIZL DA VT 2y ORNORERNEZ
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