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This study proposes four methods to boost reinforcement learning. The first method makes a policy
evaluation step more efficient. This method is based on learning rules with the Robbins-Monro estimation
for the state transition probability. It enables us to determine an appropriate learning factor. Furthermore,
the learning speed is accelerated by applying acceleration methods of iterative solutions for an inverse
matrix. The second method recalculates the Q-factors efficiently for partial variations. This method is
based on Sherman-Morrison formula, which is related to partial inverse matrix computations. It modifies
the Q-factors accurately at one update without iterations. The third method gives us the required number
of samples. This study uses the reliability of optimal policy as a criterion. The sampling condition is
derived to guarantee the desired reliability of optimal policy. Two approximated solving methods are
developed because the exact solution is difficult. The fourth method composes a suitable state space for
the learning. This study considers both optimality and reliability of a policy as a criterion and defines the
optimization problem in which a low-order state space is decided to optimize the criterion. A proposed
method solves the problem approximately to avoid huge amount of calculation for the exact solution. Some

numerical simulations and experiments show that the proposed methods are effective.

MXEE

—MA IR TR, REEFTLHAVLH
ZEEREEL, TORBMCH U THERERET
3. COBRHEBERZRIREEZOBHINZBIETIIE
WTHBH, SRICRFIEES 2BETIR, WK
ZFRILHERZEET 3 XELH S, BENIE,
RATE RTINS 2 VI BRI EEE L,
ELOHRALERIAX M ZBRTT LICKD. £,
BN ERIC I B IC eV B RN 2 S22l TRl
3T LIRERENICARTRER 2, TO7 Fu—Fig
BHERTREY. Thichl, #SResvufy hT
FEOHFCHRILER L WS AENBIEIA TN 3.
MEERE, BTEREECTaX M ERMET S
fTERIZEE T 53 TH 5. RS EEr s
THREA LTS, IAMCED ZRAZBRO
FEEAEINE, HENICEBYRTRIAIZERT
HEMTMLETTHS. BL—HWICIE, B
RpTHOEMER, THLZORRESNS

REOBBZEHIT S C Lic &k hIREEBBHERPH
BL, Thicyd 3HERMR 2L DITES.
Chicdd, BRERBUCHLTES L LBIC, K
RETHEET3CLic & THEhRRICH LTS
BHCRERBTS. —AT, BEEFICE, $8ic
BYSREAEATS S LS REN S, £
N\DPFHF L x> TW%. TOBEOERICIX, FiF
RER LOERTH 578, THOBEN+ocE
BENTEST, 710U XLHIEREC LA
3. BEWRZ R 72BN EICT 3 10IciE, %
BNICEET3ETEE L 7V TV ZLSRA KT

- $3. TORHEFRTIR, TTRIEFHOBEE

HEM L, FEEEICHEER Le3SEomds:
Z4DRRTB.

AR 8 R TR T h, BEOBBEILITOE
hTH3.

—185—



(e}
@ LTy LoDyt Sy
3105 . B S imbvadiviodioh il
€ | e, TTTmeeemm
e T
E e -
£ 10° Jacob! Tval
B GSPE! Tee
T - Gauss-Seidel RAL
---SOR(w=18) | e,
16" . L - :
0 500 1000 1500 2000 2500 3000
Number of iteration

Fig. 2: Comparison of covergence speed
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Fig. 3: Number of states to obtain optimal action

2 DL =§'1-° Action Y1

¥ i u3<%> U,

5 raatag sﬁg: U

Tagadid fog o LT initial self-transition
i n probability for uj, uy

— SRRl 0,01 [ no friction area

[ friction area

Y

’ €4
91 Sg9

Fig. 4: Friction problem

MUAGHRN R H A2 BRT 5. BRER, QF
B RE CY Y FIVBICHE 5 Q ESEEEHIE

, BEOFETREE SHVEERININT 578
SA—RELBEYNCRETES. T HIc, BEEFNED
BfiicEBE L, RIEEDOINERETH S Gauss-Seidel
¥, SOR @fr &M LicEFRIZRT.

Fig. 1 l&RY 11x11 OXREZAVTRIES 5. 17
B b TEED4DLT 3. AhoOfTE LR 10%
THEOPRBICHED, aAreLT1240L3%. ¥
F, HOREBEBSHR L 5 V4 LBERICHT 5BCR
FUE RSNz Q HDRE / WV LDZE{L% Fig. 21T
RY. KoE#o 1 RERSRETINICOVT1
B QERENT 3 C LEEKT 5. BURHET
—BHC AV 5h 5 Q EEHRITH S PEI (Policy
Evaluation Iteration) iZEHX, IEERED Q fHSEE
BERENC EAhB. D¥I, REBBHERLE
AR BRES T HIBAKREC Q EEFRIZBEAL
B2 Fig. 3IcRd. QFEFICH, Gauss-Seidel
¥, SOR &% oA LTz GS-SPIME, GSOR-SPIME
1, 3.31%, 3.8 SREORWTEIRHET .

8|48, HELFHETIVEICRESEHH
b, BEREEEININCEET SRS, HHN
BTEO IR FRTERERBERERINICEET S
BAIE, WMONEED QERERICE X SEEM

—186—



Table 1: Computational effort for ng, = 2

X, + time [s] [ ratio to SPI
PMA | 5.3x102 | 6.4x10~3 0.53
API | 1.4x103 | 8.1x10~3 0.67
SPI | 3.2x10% | 12.1x10~3 1.0
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Fig. 6: Computational effort for the size of state
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