A0 B 6 M R L 5 i Vol. 410 No. 6
2017 4£ 6 H CHINESE JOURNAL OF COMPUTERS June 2017

EZT ERH—MIEMRITHETRKXE X
Ao F W o# R RBR EEG

D ORM A HLRLE SHAREBE LA R 215006)
D CRAFFEA 5 AL B R QBT L RIS 210000)
D EHRER SIS MM TR AR EASRE K 130012)

?T%i B MRS )L EE N T B BOR A SR A B . A AR S IR T L B ALAS B 09 SR A ) ik
FIE AR g 3t 96 L S5 B 5 SR T B P 199 328 52 253 (R0 199 O 0% B 1 O W 1) 7% 9 R B . A 0 TR S s IR R LA X TR 29 SR Y
,;&ZJM’E 8] F S5 A5 428 1) m) RE, 4% M T — b ShAE A A 4T 3 2 3F 8 &K B % (Action Weight Policy Search Actor-
Critic, AW-PS-AC). AW-PS-AC 51 LIAT 8 & P18 5 R SEARNELL % die IR 25 18 eR B3R fie A0 58 s 18 P 4 1k o B0
T A AT T AL 38 B BT 0k o — AL R K S BORN AL SR W S B AT TR . X T A OR W 2 B AT AR A I
PR, I BRAF 0 35 Ui B A 8 2o DX (B] $EAT 29 02, LB Ak s AR BR S, 1 3 — 25 32 v Sk W SO 2 L B3 T — Al
I I e I 2 43 B 1 o BRI iR 50 ) o I 25 3 1% 25 0 BB S AR SR L O 5T SR I B AR G R SR M S 4 R TIE
B SR A U SUPE L TE 8 0 MR B S T X AW-PS-AC SRk i St #4717 40 4. b T3k AW-PS-AC A
RO S AES A AT FOK B SE IR ) AW-PS-AC Bk AT B, LI 45 R KW AW-PS-AC BEAEW LR Py
B A5 R A 1 2275 18] #P 30T R0 S DI 506 [ 50, 5 L5 4 B 10 % 52 0 A 25 ) B30 06 A L o i B 7 LA A ol 3 P AN R
PE =

R AT E LA ] R AGE T AT S E RSB T R N TR R
HEESES TPIS DOI S 10.11897/SP.]. 1016.2017. 01252

An Improved Actor-Critic Algorithm in Continuous Spaces with Action Weighting

LIU Quan”?* ZHANG Peng” ZHONG Shan” QIAN Wei-Sheng” ZHAI Jian-Wei"

D (School of Computer Science and Technology, Soochow University . Suzhou, Jiangsu 215006)
2 (Collaborative Innovation Center of Novel Software Technology and Industrialization , Nanjing 210000)

3 (Key Laboratory of Symbolic Computation and Knowledge Engineering of Ministry of Education . Jilin University . Changchun 130012)

Abstract  Classic reinforcement learning algorithms mainly aim at the discrete state and action
spaces. For the complex environment or the more applicable continuous spaces, the methods for
the discrete spaces cannot satisfy the requirement. One feasible method is to discretize the state
and action spaces, then the methods applied in discrete spaces can solve these problems with
continuous state and action spaces. However, the reasonable discretization for the state and
action spaces is not an easy problem. The methods applicable in continuous spaces do not have to
discretize the state or action spaces, but most of them did not consider the constraint of the action
range, additionally, the fluctuations of the optimal action were heavily. To be more applicable in

continuous action spaces, we propose an actor-critic algorithm for continuous action space based
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on weighting of the actions by considering the constraint of the action range and decreasing the
fluctuation, called AW-PS-AC. AW-PS-AC is designed in the framework of the actor-critic which
is a classic method for the continuous space. The action exploration policy takes the Gaussian
distribute by using the optimal action as the mean value, so that the selective action is the action
with a small exploration factor. The optimal state value function and the optimal policy are
approximated by linear function approximation, where the gradient descent method is utilized to
update one set of the value function parameter and two sets of the policy parameters. The two
sets of the policy parameters are weighted to obtain the optimal policy to constraint the optimal
action, so that the optimal action will not surpass the action range and the optimal policy will not
fluctuate significantly. The weighting for the actions can satisfy the constraint of the action
range. Moreover, the samples can be utilized more comprehensively, resulting in a better
performance under only a small amount of the data. To speed the convergence rate, an improved
temporal difference algorithm is designed, where the temporal difference error (TD-error) of the
value function are employed to update the optimal policy and the policy eligibility trace is
introduced to improve the convergence rate for the algorithm. To prove the convergence of this
proposed method, under the three given assumptions, AW-PS-AC is analyzed theoretically and its
convergence is proved. On two classic benchmarks of the classic reinforcement learning benchmarks
which have the nonlinear system dynamics, pole-balancing problem and puddle world problem,
AW-PS-AC is compared with the representative methods which are representative in continuous
spaces, namely, continuous actor-critic learning automaton (CALAC), continuous-action on
Q-learning (CAQ) and incremental natural actor-critic with scaling gradient (INAC-S), and they
are implemented on them. The results show that the AW-PS-AC algorithm performs well in the
two experiments. The good performances in the two experiments demonstrate that the AW-PS-
AC algorithm can solve the approximated-optimal problems effectively in continuous space. Compared
with the state-of-the-art algorithms, AW-PS-AC outperforms them not only in convergence
but also in stability. From the experiments, it is clearly that AW-PS-AC algorithm can converge
only after only a few episodes, moreover, it can be stable all the time after it is converged.

Keywords reinforcement learning; continuous spaces; function approximation; actor-critic;

gradient descent; artificial intelligence
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