
Periodic StepPeriodic Step--Size Adaptation for SingleSize Adaptation for Single--Pass OnPass On--Line LearningLine Learning
Chun-Nan Hsu1,2, Yu-Ming Chang1, Han-Shen Huang1 and Yuh-Jye Lee3

1Institute of Information Science, Academia Sinica, Taipei, 115, Taiwan, 2USC/Information Science Institute, Marina del Rey, CA 90292, USA,
3Department of CSIE, National Taiwan University of Science and Technology.   

chunnan@isi.edu, http://aiia.iis.sinica.edu.tw

 2nd order SGD

Single-pass online learning Single-pass learning by 2SGD
 SGD is a stochastic mapping To
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Stability consideration
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 Good News Good News 2SGD can achieve 
empirical optimal in a single-pass 
(Bottou & LeCun 2004)

 Bad NewsBad News

On-line learning
Off-line learning
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On-line 
learning wins!

 SGD is a stochastic mapping. To 
reduce variance, let

 We can estimate eig(Jb) by
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Why singleWhy single--pass online learning?pass online learning?
 Incremental learning when training

computing H-1 is 
prohibitively expensive!!

 L i l ith fi d i t

Day 1      Day 2                                … Day N     Day N+1
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Approximating Jacobian Periodic step-size adaptation
 Incremental learning when training 

examples become available 
continuously

 Need to actually discard used 
training examples

 Loading data from disk to memory

 Learning algorithms are fixed-point 
iteration mapping =M()

 Taylor expansion gives

 eig(J) can be approximated by 
)()( *)(*)()1(   ttt JM

 Loading data from disk to memory 
takes much longer than learning

 Simulate natural learners

L f ti i t i i l

g( ) pp y
(Aitken 1925)

On-line learning by SGD
Approximating H-1

Experimental Results
Summary

 PSA accurately approximates 
2SGD to achieve near-optimal 
i l lt f CRF

)()1(

)1()2(
)(

t
i

t
i

t
i

t
it

i 




 



Loss function given training examples
 Consider SGD mapping as a fixed-

point iteration, too.

 since J=M’=I-H, we have
eig(J)=eig(M’)=eig(I-H)=1- eig(H),

);()( )()( tt BLM  

single-pass results for CRF, 
linear SVM and Convolutional
neural nets

 PSA achieves this by 
periodically approximate eig(H-1)

g( ) g( ) g(  )  g( ),

Now, we can approximate Now, we can approximate HH--1 1 ! ! 
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