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An Efficient Rule Representation for
Fast Boosting-based Sequential Labeling

ToMovA TwAKURAT!

This paper proposes two techniques to improve processing speed for sequen-
tial labeling problems such as part-of-speech (POS) tagging, text chunking, and
so on. The first technique is a rule representation. Usual parsers for sequential
labeling decide the class of each word by using the features generated from the
word and its surrounding words. As a result, each word is evaluated a number of
times. We propose a rule representation that allow us to avoid unnecessary such
evaluation. The other is a boosting-based algorithm learning rules represented
by combination of features. Although combination of features contributes ac-
curacy, there is a problem that considering combination degrades processing
speed. To avoid time-consuming evaluation of combination, we specify features
never considered for combination. We evaluate our methods with English POS
tagging and text chunking. The experimental results show that the processing

time obtained with our methods is shorter than the processing time of taggers
and chunkers without our techniques while maintaining competitive accuracy.
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Fig.1 Converting usual rule representation into compressed rule representation.
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Fig.2 An example of compressed rule representation and its tree representation. The number of

each parenthesis indicates a position in the tree representation. Each node with asterisk (*)

means the node has confidence values for class labels. The root indicates the root node of the

tree.
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Fig.3 A sequential labeling method with compressed rule representation.
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Fig.4 A generalized version of a boosting algorithm using weak learner for learning several weak

hypothesis.
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endForeach

endForeach
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Fig.5 An overview of our weak learner. This weak learner controls generation of combinations of
features.
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B = distFT(S, | B|); b=0;
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0 6 AdaBoost.SDFAN 00O
Fig.6 An overview of AdaBoost.SDFAN.
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Table 1 Training data for experiments. POS and ETC indicate POS tagging and text chunking. §
of S, t of cl and M indicate the number of samples, the number of classes in each data set
and the distinct number of feature types for each pair of (W, A).
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Table 2 Fg—; on test data. —Atomic indicates results without Atomic. +Atomic indicates results
with Atomic. Each bold number indicates the best Fg—; of —Atomic or +Atomic.
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(7,3) 96.99 | 97.36 97.30 | 97.33 97.29 | 93.09 | 94.32 94.11 | 94.12 94.11

x1 000000p=500000
x2 00000000000000000Text Chunking 0000000000 Fz—; 000000

00o0ooooooog Vol 52 No. 7 2291-2307 (July 2011)

goooooooooooooooboobooboooooooooboobooooobo
Oo0DoOoOoOoOoOoOoOOO0DDOOOO0O0D “4Atomic”0000000O0O0O0OOOO
0000000000000 00 “—~Atomic” 0000000000000 OOOOOOO
6.2 OOOOOO

030000000000Text ChunkingO0OOOO0OO0OO0O0O0OOOOO0OOOOO1
0000000D00D000000*0000¢={1,2}000 “—Atomic” 0000 Atomic
gooooooooooobooooooobooboooOoOoOo0ooboobOOoOoOooOoboOooboDobo
coooooooOOOO0OOOOOooooOooOOODOO¢=200000000000000
oooooooO0ODb0O0¢=100000000000000000000O0DOO000O00OO
ooooooOO¢=1000000000000000000000000C0O0DOOOOOO
ooooo (W,A)=(7,3) 00000000 240000000¢=200000000
0000000000000 00D0oUOULOOoOoOO W,A)=(7,3)00000000
120000000

O0oo(=3,-Atomic) 000000000000 O0ODOOOODOOOOODOOO

03 000000000 Text Chunking 00ODDO0O0OOO0O0OOOOD 1000000000000 O00OO300
0000000000 2000000000000000000 Fg—, 00000000000
Table 3 Tagging and Chunking Speed. Each number is average number of processed words per sec-
ond on three times measurements. Each bold number corresponds to best Fg—; of —Atomic
or +Atomic in Table 2.
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W,A)/ ¢ |1 2 3 2 3 1 2 3 2 3
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(7,3) 6,615 | 1,842 1,007 | 2,940 2,242 | 15,658 | 2,195 754 3,084 1,300
Text Chunking
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w,A)/ ¢ |1 2 3 2 3 1 2 3 2 3
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(7,3) 9,434 961 230 6,849 4,595 23,338 | 1,758 206 | 10,058 5,701
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Table 4 Comparison with SVMs. # of words indicates number of words processed by each parse

per second. We show the accuracy of SVMs after applying PKE is the outside of paren-

theses, and the accuracy of SVMs before applying PKE is the inside of parentheses, We

use {W = 7,A = 3} for English POS tagging, and {W = 5, A = 2} for Text Chunking.

The parameter for maximum number of combination of features and polynomial kernel de-

gree is 2. Boosting indicates results obtained without compressed rule representation and

Atomic. The compressed rule representation indicates results obtained with only compressed

rule representation compressed rule representation+Atomic indicates results obtained with

compressed rule representation and Atomic.
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Table 5 Comparison with previous work. The our result of English POS tagging is the accuracy
obtained with {W = 7, A = 3} and Atomic features. The our result of Text Chunking is
the accuracy obtained with {W =5, A = 2} and Atomic features.
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