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An Norm 1 Regularization Term ELM Algorithm Based on Surrogate

Function and Bayesian Framework

HAN Min*

LI De-Cait

Abstract Focusing on the ill-posed problem and the model scale control of ELM (Extreme learning machine), this

paper proposes an improved ELM algorithm based on 1-norm regularization term. This is achieved by involving an 1-

norm regularization term into the original square cost function, and it can be used to control the model scale and enhance

the generalization capability. Furthermore, to simplify the solving process of the 1-norm regularization method, the bound

optimization algorithm is employed and a suitable surrogate function is established. Based on the surrogate function, the

Bayesian algorithm can be used to substitute the complicated cross validation method and estimate the regularization

parameter adaptively. Simulation results illustrate that the proposed method can effectively simplify the model structure,

while remaining acceptable prediction accurate.
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Table 2 Comparison of ELM, BP, SVR, and N1-ELM

T7i i ] I Zin 2= AR R 2 AR FASE
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b 57N = 1| 2N T 5 =S| B Nt ]
e S WIFEASL  WAREASL AR IESL (hrEZE) (s) (hrHE %) (s)
Abalone 2000 2177 8 Abalone 0.0876  0.7695  0.0770  1.1594
Ailerons 7154 6596 39 (0.0033) (0.0014)
Bank 4 500 3691 8 Ailerons 0.0824 1.8810 0.0461 3.0484
California 8000 12640 8 (0.0232) (0.0006)
Computer activity 4000 4192 12 Bank 0.0757 0.7914 0.0504 1.7344
Census (8L) 10000 12784 8 (0.0032) (0.0020)
Delta ailerons 3000 4129 5 California 0.1543  1.5665  0.1333  3.4063
Delta elevators 4000 5517 6 (0.0019) (0.0020)
Kinematics 4000 4129 8 Computer activity  0.1057 0.7185 0.0463 1.8125
Puma 4500 3692 8 (0.0078) (0.0046)
Pyrim 80 87 4 Census (8L) 0.0871  2.1199  0.0705  4.2962
(0.0018) (0.0020)
* 4 ELELM }4 N1-ELM & E7EFRAF & 30E 1 Delta ailerons 0.0468  0.6340  0.0390  1.8938
RETES (0.0052) (0.0008)
Table 4 Comparison of EI-ELM and N1-ELM Delta elevators ~ 0.0640  0.6516  0.0534  2.5562
Bt ELELM (k = 20) N1-ELM (0.0055) (0.0004)
Kinematics 0.1406  0.7117  0.1266  1.5516
MRRGEZE e KR YIZRET TR 0.0014 0.0029
GREE)  (s) (R (s) (0.0014) (0.0029)
Puma 0.1856  0.7983  0.1790  2.6102
Abalone 0.0876  1.5785  0.0770  1.1594 (0.0039) (0.0020)
(0.0015) (0.0014) '
Adlerons 0.0571  6.2519 0.0461  3.0484 Pyrim 01712 0.0810  0.1293  0.1383
(0.0022) (0.0006) (0.0626) (0.0271)
Bank 0.0806  3.1058  0.0504  1.7344
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) R AR 9
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. (0-0959) (00019 SR T 7 P 44 B2 AR ] B2 T NL-ELM 87
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Puma 0.1827 27264  0.1790  2.6102 ELI-ELM 5T, Mg s+ LELM &y, s
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33.45 3 43.7, MPARR 24 0.0772, JLFARERA
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Table 6 Comparison of EI-ELM, I-ELM, and N1-ELM

on model scale

Hitk EI-ELM (k =20) I-ELM NI1-ELM

R A FRAUR LA
Abalone 50 500 33.45
Ailerons 50 500 45.20
Bank 50 500 49.45
California 50 500 49.95
Computer activity 50 500 49.90
Census (8L) 50 500 50.00
Delta ailerons 50 500 39.95
Delta elevators 50 500 20.25
Kinematics 50 500 48.95
Puma 50 500 39.60
Pyrim 50 500 18.05
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