Identification of Numerical Expressions using

Finite- State Automata

2002 2



2001 12



2.1
2.2
23

3.1
32
33

4.1
42
43
44
4.5
4.6
4.7

5.1
52
53
54



Identification of Numerical Expressions using Finite- State

Automata

Ock-Jong Baek

Department of Computer Engineering, Korea Maritime University, Pusan, Korea

Abstract

There have been many trials to parse sentences in text to search complete
and exact parses, but it is very hard because of unavoidable incompleteness
of lexicon and grammar. Recently, to alleviate these difficulties, partial
parsing appears as an alternative in the field. Partial parsing aims to recover
syntactic information efficiently and reliably from unrestricted text, by

sacrificing completeness and depth of analysis.

As a part of partial parsing, the identification of Korean numerical
expressions in text is described in this paper. Numerical expressions are
required in several systems such as information extraction systems and
question-answering systems. One of desired characteristics of these systems
is the fastness. To achieve this goal, we use a finite-state automaton, for
which we could use a tool like lex. So that we could rapidly implement the
system. We observed that the system is fast and correct through several
experiments. To evaluate our system, we used newspaper as test collection.
We achieved the recall of 90.8%, and the precision of 86.9%. Experiments

show that our system is comparatively correct.
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Fig. 1 Regular expression, regular grammar, and finite-state automata
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Table 1 Meta characters for patterns and their meanings

newline (\n) (single
character)
% % 0
[] Bracket [ ] character class
A s
0 negation
$
{} {
\ disable , C  escape sequence
+ + 1
? ? 0 1
|
“. quotation mark
/ slash "/ " "/ "
() ()
2.2
[1-3]. (cascaded finite- state
automata)



2.2.1 Cascaded Analysis of Syntactic Structure(CASS)

. CASS

[1].

: NP -> D? A* N+ | Pron
VP -> Md Vb | Vz | Hz Vbn | Bz Vbn | Bz | Vbg

2 :PP -> P NP
3 :SV -> NP VP
4 :S -> (Adv | PP)? SV NP? (Adv | PP)*
D : , A , N : , Pron : , P , Adv
NP , VP , PP : )
-0 , L L-1
(longest match) . CASS
, 95%



2.2.2 FASTUS (Finite- State Automation Text Understanding
System)

Hobbs et al.[6]

(information extraction system) .FASTUS
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2.

3.

4,

5.
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, MUC(message understanding conference) 100 12
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2.2.3 Fidditch
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(unrestricted text)

. Fidditch  Marcus (punt)

(skip and fit),
( , that, which ),

B B
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[5]
[14]
) [14]
, (local grammar) , FST (finite state
transducer)
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T able 2 Classification of numerals in Korean
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Table 3 Subcategory of unit bound nouns
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Fig. 2 Overview of a numerical expression identifier

-19-



W o

.. VA T T
T Hf 2T T
; JT

| |"I \‘-'-,L 5, hi??#--

7 .;'\.‘.
iy [
. A IIl \

.'f.f \ )

3

Fig. 3 A finite automata for recognizing numerals
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lex

NNN ([0-9])+
NNC (“ ”|“ ”|“ ”|“ ”|“ ”|“ ”|“ ”|“ ”|“ ”|“ ”|“ ”|“ ”|“ ”)+
NNK (“ ”|“ ”|“ ”|“ ”|“ ”|“ ”|“ ”|“ ”|“ » |“ ”)+

NDy (INNN}({NNN}{NNCH*{SP}7)+* "2% 7
NDm ({NNN}{SP1?)+* ~
NDd ({NNN})+ 79¢ 7

NTh ({NNN}{NNK}+* ~
NTm ({(NNN}HSP}2)+* 72¢ 7
NTs ({NNN}{SP}?)+* 72 7

NDymd ({TENTWELVE }|{NDy }){SP}?{NDm }{SP }? {NDd }
NDym {NDy }{SP }?{NDm }
NDmd {NDm }{SP}?{NDd}
NThms {NTh}{SP}?{NTm }{SP}?{NTs}
NThm (NTh}{SP}?{NTm}
NTms {NTm }{SP}?{NTs}
4.4

-21-



27 60

: <MNY>7 60 </MNY>
: <MNY><MSR>7 </MSR>60 </MNY>
: <MNY>7 60 </MNY>

4.5

(4-1) <MSR>  </MSR>
(4-2) <MSR>  </MSR>

(4-3) <MSR> </MSR>
(4-4) <MSR>  </MSR>
(4-5) <CRD>  </CRD>

(4-6) <MSR>  </MSR>
(4-7) <MSR>  </MSR>
(4-8) <MSR> </MSR>

(4-9) <MSR>4 </MSR>

4.6

, “2001 12 30 7
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, 100

[20, 21].
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“ ” |“ ” |“ ” |“€ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ”
“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ”

“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ”

() :UNITE

“ » |u » |u » ||| » |u » |u » |u » |u »
“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ”

“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ”

: UNITK

“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ”
“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ”

“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ”

: UNITC

“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ”
“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ”

“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ” |“ ”

({SP}|{SYMBOL })({NNN }[{NNC}{SP }?)+({UNIT }|{UNITE }|{UNIT C})
({SP}|{SYMBOL })({NNN }|{NNK })+{SP }?* "?{UNITK}
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5.1
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5.2
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B R P
B>1 , B <1
B 1,2,5
B 1
5 .3
53.1
4 (Recall), (Precision), Fscore
4
Table 4 System performances
3,862
4,036
3,507
Recall 90.8%
Precision 86.9%
Fscore 88.8%
53.2
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90% , (DUR), (CRD)
80%
(TME), (CRD)
5
Table 5 Performance for each tag
Recall | Precision| Fscore
TME 73 96 72 98.6 75.0 85.2
DTE 1317 1258 1243 94 4 98.8 96.5
DUR 206 168 154 748 917 824
MNY 261 267 242 927 90.6 91.7
PCT 212 207 206 972 99.5 98.3
MSR 1372 1449 1291 94.1 89.1 915
CRD 421 591 311 73.9 52.6 61.5
54
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Fig. 4 Error Analysis
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(5-1) <MSR> </MSR>

(5-2) <MSR> </MSR>
(5-3) <MSR> </MSR>
(5-4) <CRD> </CRD>
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54.2

(5-5) <CRD>
(5-6) <CRD>
(5-7) <CRD>
(5-8)
(5-9)
(5- 10) <CRD>

543

39%

</CRD>

</CRD>

</CRD>

<CRD> </CRD>
<CRD> </CRD>
</CRD>

(5-11) <MSR>25  </MSR>
(5-12)  <MS>1 </MSr>

(5- 13) <MSR>
(5- 14) <MSR>

1 </MSR>
2 </MSR>

(5-15) <DUR>3 </DUR>

544
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(5-16) <DTE>4- 19</DTE>

(5-17) <CRD>4</CRD>- <CRD>19</CRD>
(5-18) <PCT >56 44</PCT>

(5-19) <MSR>56 </MSR><CRD>44</CRD>
(5-20) BKMSR>777 </MSR>

(5-21) ISO<MSR>9001 </MSR>

(5-22) <MSR> </MSR>

(5-23) <MSR> </MSR>

(5-24) <MNY> </MNY>

(5-25) <MSR> </MSR>

(5-26) <MNY> </MNY>

(5-27) <CRD> </CRD>
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(5-28) 10 9 7
(5-29) 10 9 7

; (5-28)
; (5-29)
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86.9%
90.8%
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