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Hybrid search direction based learning algorithm for feedforward
complex-valued neural networks

HUANG He®, ZHANG Yong-liang
(School of Electronics and Information Engineering, Soochow University, Suzhou 215006, China)

Abstract: Complex limited-memory BFGS (CL-BFGS) algorithm can be efficiently applied to solve unconstrained
optimization problems in complex domain. However, its performance is seriously affected by memory size. In this paper,
to deal with the selection problem of memory size, an improved CL-BFGS algorithm with hybrid search directions is
proposed. Basically, the candidate set of memory size is divided into several parts by the sliding window method and a
group of hybrid directions are constructed by considering the elements of each subset as potential memory sizes. Then
the hybrid direction achieving the minimum value of objective function is taken as the actual search direction at the
current iteration. The advantage of the strategy of hybrid search direction is to strengthen the usage of the latest curvature
information and facilitate the choice of memory size such that the performance of the CL-BFGS algorithm is improved.
The proposed CL-BFGS algorithm is then applied for the efficient learning of multi-layer feedforward complex-valued
neural networks. Finally, experiments are conducted on the tasks of pattern recognition, nonlinear channel equalization
and complex function approximation to verify that better performance is guaranteed by our algorithm than by some
existing ones.

Keywords: feedforward complex-valued neural networks; complex L-BFGS algorithm; memory size; hybrid search

direction; curvature; efficient learning
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35dB  0.0517 00032  3.8512¢-04 6.2527e-05
40dB  0.0540  0.0288  5.0620e-04 6.6914e-05
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Hititk CGD CBBM CL-BFGS  CL-BFGS-HD
Spambase 68.38 84.54 93.36 93.87
Biodeg 74.62 80.51 85.44 86.58
Glass 68.13 75.00 92.19 93.75
Tonosphere 90.67 93.71 95.05 95.43
Optical Digit 91.47 92.57 94.95 94.76
PIMA 62.87 72.09 71.83 72.52
Vehicle 70.31 77.24 82.91 82.76
Wine 95.47 96.60 96.98 96.98
Banana 58.08 57.22 83.55 89.20
Waveform21 84.79 85.92 85.88 86.13
Waveform40 86.28 86.88 86.77 86.61
Zoo 77.42 77.42 82.58 84.52
Liver Disorder ~ 55.77 71.15 70.96 72.69
Page Blocks 85.38 86.42 87.99 88.40
Balance Scale 85.03 90.80 90.70 92.51

HE— 2R B 4 i 4 B I Wilcoxon £ 5 #k
o B PUXFCL-BFGS-HDA % 5CGD.  CBBMAICL-
BFGSH v @F 17 M M X B 2 MK F Na =
0.05. 844 T RY, R™ UL Rpl 45 RN mT LUE
T aX 15 X 4 2 1) R, AR S HE FICL-BFGS-
HDH V% fE % /& | {3 7 lLCGD. CBBMAHICL-
BFGSH LT 4F AR

4  WilcoxonFF SHHNER

PR Rt R~ pll
CL-BFGS-HD vs CGD 120 0 0.00064
CL-BFGS-HD vs CBBM 119 1 0.00080

CL-BFGS-HD vs CLBFGS 1015 9.5
5 Z5ip
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