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A Hybrid Transfer Algorithm for Reinforcement Learning Based on
Spectral Method
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Abstract For scaling up state space transfer underlying the proto-value function framework, only some basis functions
corresponding to smaller eigenvalues are transferred effectively, which will result in wrong approximation of value function
in the target task. In order to solve the problem, according to the fact that Laplacian eigenmap can preserve the local
topology structure of state space, an improved hierarchical decomposition algorithm based on the spectral graph theory
is proposed and a hybrid transfer method integrating basis function transfer with subtask optimal polices transfer is
designed. At first, the basis functions of the source task are constructed using spectral method. The basis functions of
target task are produced through linearly interpolating basis functions of the source task. Secondly, the produced second
basis function of the target task (approximating Fiedler eigenvector) is used to decompose the target task. Then the
optimal polices of subtasks are obtained using the improved hierarchical decomposition algorithm. At last, the obtained
basis functions and optimal subtask polices are transferred to the target task. The proposed hybrid transfer method can
directly get optimal policies of some states, reduce the number of iterations and the minimum number of basis functions
needed to approximate the value function. The method is suitable for scaling up state space transfer task with hierarchical
control structure. Simulation results of grid world have verified the validity of the proposed hybrid transfer method.
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Table 1 Minimum numbers of basis functions needed for optimal policies
s PR s [k Tt 52 DY 5 [ 3 5
WATS 6 x 6 12 x 12 6 x 6 6 x 6 6 x 6 6 X 6* 6x6 6 X 6*
H A5 6 X 6 12 x 12 8x8 12 x 12 6 X 6 6 x 6* 10 x 10 10 x 10*
L R 2 12 37 16 37 30 30 > 40 > 40
KA R A ORA) 6 12 7 12 30 8 > 40 22
LR 2L - - 13 > 36 - - > 40 > 40
KL (RS - - 9 11 - - > 40 24
* 2 BPBIEIREOT EE
Table 2 Total average iterations
i ] W4 s Tl ks - 57 DU 5 Tl ks -t 57
WS 6 %6 12 x 12 6 %6 6 %6 6 x 6 6 x 6* 6x6 6 x 6*
H % 6 X6 12 x 12 8 x 8 12 x 12 6 X6 6 x 6" 10 x 10 10 x 10*
R R 2 11.1 31.7 4.1 6.9 13.8 13.9 15.5 13.2
KA R ORE) 6.7 18.7 2.9 4.5 8.9 4.8 17.8 4.4
T B 2 — - 14.3 22.0 - - 36.4 33.1
KRR ORA) - - 8.2 11.9 — — 26.7 15.8
3 ARG BT A BB B
Table 3  Average success rates of optimal policies
b Wi g Tk V4 55 i) A 7 1 5
WAT5 6 x6 12 x 12 6 x6 6 x 6 6 x 6 6 x 6* 6 x6 6 x 6*
H 5% 6 X6 12 x 12 8x 8 12 x 12 6 x6 6 X 6* 10 x 10 10 x 10*
R R 2 98 % 92 % 93 % 93 % 91% 89 % 90 % > 40
R (RE) 99.6 % 99.2% 99.9% 99 % 96 % 99 % 94 % 98 %
e b 2 - - 90 % 90 % - - 88 % 89 %
RIS (A - - 99.6 % 99 % - - 93% 98 %
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