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<Abstract>

Rule-based Named Entity (NE) Recognition from Speech

Ji-Hwan Kim

In this paper, a rule-based (transformation-based) NE recognition system is proposed.
This system uses Brill’s rule inference approach. The performance of the rule-based system
and IdentiFinder, one of most successful stochastic systems, are compared. In the baseline
case (no punctuation and no capitalisation), both systems show almost equal performance.
They also have similar performance in the case of additional information such as
punctuation, capitalisation and name lists. The performances of both systems degrade
linearly with the number of speech recognition errors, and their rates of degradation are
almost equal. These results show that automatic rule inference is a viable alternative to the
HMM-based approach to NE recognition, but it retains the advantages of a rule-based
approach.

Keywords: Named entity recognition, Transformation-based rule inference, Automatic rule
generation. Speech recognition.
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of uwet 48 "d2E7} ulolE Hth ?H Aol NRAIGELS 3.1.2.9 71%51

of itk FHEE Iy B0l =B, olAF WASE AHE Y F U
22 4 glg WAX AL 98 Brh 44E FHEY d5L <E 4> q]

£
(Initial text)
wit Word
f: : Wonrd feature (Table | and Table 2}
t: : Initial setting as non-NE
b2 Initial setting as O

|

1 Find applicable rules JL_ ........ {53 rule templates in Table 3 }

//.{ Updated text J

i § (Reference)
Update applicable rules and 1% NE class
their improvements when Lo ¥ H

b H wi is combined with w.

they are applied into a single NE word, b? =1
i and ifnot. hf =0
' Find the best rule t

\'[ i H Rules (examples in Table 4)

Rule generation

<28 5> W3 74 NE 73 A% A4

4. A4 ¥ A3

T kel A2"Y Aeg FAS7 HsA, 73 JEEY A"
IdentiFinder$} ¥l % o] H o). IdentiFinder= BBN2] HMM 7|4t Al2®lo 24 1998
Hub-4 Broadcast News (BN) ¥l X]u}l=3 €| AE [4][26] &8 5719 A28 & 7}
T EFL TS BAE A2dolth WA nta HAEoA e A} viud o, 2
=X 9& IdentiFinderd] EBIAE ZAae o7t thEdH, 2 olfE dHd A%
H A5e] o] tt2:, dAEd Ui AXe BAEC] =27 gEoj) EF,
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A& ¥ IdentiFindere] ¥ Ho] ThE = Yt}

= N2"e AR AY AL baseline 23 (FFH AR ¢S, i8R AR
2g, WY B2E A8 g 20 dald HLAT 2 ol F, baselined A
TFETG HAERe} 2L F7F d2E HJHREZ AT F Al2¥He] AP A
Tt ZAEY F71E, WY Y2EQ E3E F AlAE EF thaly =25
A, vixgo g S Aol4 o WE S A T A2H HS A3 A
=7t Hlas e

4.1. Baseline =Z0AM{Q] A Zn}

100A1ZF £3¢] 1998 Hub-4 BN H|o|¥] HEV} 3 7|8k AJ~¥ 3 IdentiFinder
o] Ffutol| ARE-EHojFtd Il NIST Hub-4 IE scoring pipeline packageE ©]-& 3l
A 3 Azt 2% 9] NIST 1998 Hub-4 BN #WlX|vla B|2E A8E o|&3M +35
ped=

5 AN2HES F-measure[27]$} Slot Error Rate(SER)[27]9) HAEE o]&3)r #
7VetA =€, F-measureE 317] $181A Q3 Precision(P)¥ Recall(R), 181
F-measure(F)?} SERY] A& o33 2o}

%% NE AT

P="hypothesis¥) NE A& O
r= rej;fn?eév ?\/2‘1 _/[7:}14: @
F=—7357 3
SER A9 NE AT @

- reference®l NE W7+

Reference®l] A= NE} Q12171e] 2f3] AAdE NEIF vluo|A NEQ Ed2v
TUsLARE, NE9] P o] UA|8IA] R overlap Hl= A5 A8 NE9 7)F9)
0.5% wrgdo] fAr} goo] YX &AW, NE S/t XA FE ASde A&
3 NEQ| 7H42 059 wrg "

T2 719t A 2" AL [dentifinder?] A% baseline FATFFE FAHE ¢l
2, AEA FE §lS, name list AFEEHA] L3)olA HIRH AT o] BvlaLo]A,

S5 2 HAE HAEE gARA TR 91, PEHC gt HiER WEF
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AT 1 &, T AIAE EF WY f2EE AN &3 SgHAT <E
5>% baseline 27NA ZZhe) A|&2d AHFS EAF3 Ut} IdentiFinder?} ¥l
TIPS i, F3& 719 AAHL Fmeasure2E 0.00129] &L MF 98 BIYL
U, SEREE 035%9] 2e A% AFE no FAUoh

<3 5> Baseline 1A B¢ B2E thd F%5 vin RBS: 713 719 A28,

IDF: IdentiFinder; SER: Slot Error Rate; Baseline: 7573 $11, &2 78 §l3,
Ul BEE Ago] fle 23)

F-measure SER (%)

RBS IDF RBS IDF
Baseline 0.8858 0.8846 20.03 19.68

=l

42. 7S Ha2X F22 51

thgog TRFEY a9/t SAHNY F Alad EF F5EHE Ee o
2 HIFHA ol &k TFFH FEY FUIE QT AT T4l o= HAxRUAE
=337 YN, T A2FELe TEH 487 T3E P2E2RH ggo] HY
. FFHS NE ¢4 lolM THHA EHE AL f3, 73 ik A2H
o] 4%& F-measure2 0.0043, IdentiFinder®] A%& 0.00747+F ¥ th SERZ &
ol FAHY &AF}r} WA 7HF A)2¥l3} IdentiFinderd] thal 2zt 0.93%,
129%2 SH = Ao

AR R a9 £33 ARG HadA AR Xgo] T AlAaY
EFd o= AR 45 TS MMASEAE S AHA, F ALY BF
AE2 ARE JAT, +5EH JHI) Qe H2ECA sHHdn. daga A
HEe NE 3 oA #F83 HH=Z 93 F . Fmeasure?] THNA, +53
AE= 73 79 Al~ge] A%5S 00146 &4 AZ 1, IdentiFindere 0.0154 T4
AFAT. SER #HAAM FEH AR 73F 7 Alxdle] 4TS 348%,
IdentiFindere] A& 3.08% 4 A1z

<# 6> o] 27}E RAFET. 4F Ao wa2d fAER R Frie
4 AREG Aade] H45E o Bo] Tt
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<# 6> F5HI Wa2EX HERS &3 (SER: Slot Error Rate; RBS: 1% 7|4k
Al2~El; IDF: IdentiFinder; Baseline+Capitalisation: tAFAF AR+ g, 154
Qi WY 2E A3 X e Z3; Baseline+Punctuation: -5 QA5 W4
Z2E AHE8A] ¢, fAEA AR Qe £7)

=4 F-measure SER (%)
RBS IDF RBS IDF
Baseline+Capitalisation 0.9004 0.9000 16.55 16.60
Baseline+Punctuation 0.8901 0.8920 19.10 18.39
Baseline 0.8858 0.8846 20.03 19.68

43. Ul 2|xEel 1}

vl g=E aFE A7 AsiA, 73 71¥te] NE 2141719} IdentiFinder
7 AR AR 13, FEHC] gl Feje dbolge] disiA sl Huoh
TH 71wre] A2"a o], IdentiFindere WY ZXAEZRESY NE ZEE
hard-decision 3% &3 ©o] S0 F-83F18]. F& 7wt Alxdo] WY
P2EZHEY HEE o] & o, w3 A o) uid F2EY dEEA
FEo] dojuA =HH, o] Aade 7 dEEE AE Ut 5Ad3 doirt
A o)A vy BREAH HAHAE, VY J2EZ $AE0 Hedd &
Aol /M & $AEHNE JHAA Hi, 2 thEo] A °lg, 281, 7|#H
o] 7} @& $AH+HE HAA Hrh

WY Bl2EY A vlYd 2Ex AMSAAR, FFEH diaEA FEL
ALEER] L Ao SAHAY. Fmeasure A2, UiY B2EQ ALSS 73
718k Al ="e) A

%S 0.0104 FAAA 1, IdentiFinder& 0.0108 FAMA AT SERA
o7 Uy A2EE 73 79k A)2H-& 227% , IdentiFinderE 1.98% AA]Z o}

< 7> vl B|2E9 &7 AHL baselined] WY H2EV} HUtH 2ANA 43
¥ (NL: Ul 2]2E; RBS: 773 7|8t A 2=, IDF: IdentiFinder; SER: Slot Error

Rate)
27 F-measure SER (%)
= RBS IDF RBS IDF
Baseline+NL 0.8962 0.8952 17.76 17.70
Baseline 0.8858 0.8846 20.03 19.68

<E 8-& AR gust TEHY, 2en v Y2EY 45 U@ ane
Bs 3 ok dAEA TEAD, PRl Ak HolHA Ul A9 Be
HolHz AT shis dagd 78, 253 2
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TR, TR G8, E O s 0jaEA PR e, PREY U8, A @
e dAER 78 98, TEH el A9 dolge] BaA 73 slu
A9 WdentiFindere WY A2E7} e B39 VY 2E7 9E 2% 44
sherol Itk ol @ 874K 7AY) BE e B HAE Z2ASE <E 8o 1
et glck.

<¥ 8> 4% A v (Cap: WAFA FX; NL: U J2E; Punc: 753 BE;
RBS: 773 7]¥t A]2H®]; IDF: IdentiFinder; SER: Slot Error Rate)

=7 F-measure SER (%)
RBS IDF RBS IDF
Baseline+Cap+NL+Punc 0.9134 0.9145 13.98 14.15
Baseline+Cap+NL 0.9105 0.9121 14.72 14.30
Baseline+Cap+Punc 0.9086 0.9087 15.04 15.11
Baseline+Cap 0.9004 0.9000 16.55 16.60
Baseline+NL+Punc 0.9007 0.9010 16.68 16.69
Baseline+NL 0.8962 0.8952 17.76 17.70
Baseline+Punc 0.8901 0.8920 19.10 18.39
Baseline 0.8858 0.8846 20.03 19.68

FARE(TFRY HE2EA BEYE AFRS, Y JZ=EE A AHE3H
Z)H, F-measure2 JF3& 7|49k A]2®lo] 0.0276, IdentiFinder= 0.02997} SkA+=ET}E
A JAEA AH, 282 UY F2EZRE NE U2 A2 A% &
A Axe 7F 7bb A" i8] F-measureE ZHZF 0.0043, 0.0146, 0.0104,
IdentiFinderell th&] F-measure2 ZtZb 0.0074, 0.0154 and 0.0106°.2 A F T}

of Al 7}A F7t FEE FTAl AR A T A2HY v FE AEE
Z7te] Bedd Az Fro 27 FA SHEHUCD o] A RE NE 9o
S Uy P2ES 4 Ft ATE 7FF L HAER ZEA g FFHI
28 F USS HoFEth
EHA L, “Baseline+Cap+Punc”] 739, baseline 2O ZHE F A|AHle A7
AT P Aze FFH ZEYW ALEISE BHY ATY Axs AL A
HE AMEYE A9 45F%Y A= R A UFgt 22 NE 9ojE2
NE 1471¢] oJafiA A3 A2=H7] A HiaEA ARt 753 JEI}L F
Ao A FZHojor e AeE PolAr} SERY BN ZAF{E B8 HgS
x 22 488 ¢S F Uth

NE <l2ollx, SERE (1.0 - F-measure)o] H#H3}A =t} SERS Ywkxoz
(1.0 - F-measure) 2T} 60% A 70%HAE EA U2t <E 8>oA, F& 7|4 Alx
8] & F-measure’d 2.8 IdentiFinderdl] ®Bla} Z& ©f £& ZAAE B YA, SERY
3] A= Baseline?} “Baseline+NL”9] 7Z-%-o] tfsjr =5 FA X3 AH#E BG

ro

o|

]
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t}. “Baseline+Cap+NL+Punc”, “Baseline+Cap+Punc”, “Baseline+NL+Punc”¢] 7-¢-, uF
e Aurp #Edo.

<% 89 AFNERE, F A|2do AHFL u-¢ B39, baselinedll A 2 ZA
o dig A& F FEE AY FARBIE # 4 Uk o] AREREH, F Al
2"2 NE 14 digjA vlsg £FY A4 $8€E /HAT i ZE WdE
T Atk

4.4. 2424 270 28t Named Entity 2l4{& Bi5}

& ¥
=22

o
HE 7}

NE 2% 9&iM st4d AeEe U £33 adx gujy 7
S UAIH At wEpH, e 7EHE HHe 7 dYYUESES 9
Q5o Wi NASA 9T £ U wd 8 FHA AE FuH de
Ad, B Td dHUEE 7o 28 e dYHEY FUME BS, HEL 9
g R 2A @A "gdh 2404 279 9FE £48H7] AsiA 1998 Hub-4
evaluation®] Fgt 11719 2H7] 7] N&He AHRE o] &3t 4
A2 7ol thyt Aol FYHA o] S4UA7Y A= NIST Ao E
A 2 F AHH2e6)

T3 71¥ Al 2" 3 IdentiFinder?] e 9 1170 404 A|&d9 At
disiA EAE R dFe FFA %EQ} dafa AR AT Y g=E
€ AHEEE Aol dEiA FREJT 73 719k A|AF ) IdentiFinders AME ]
FELE BE Fg ARE o]&IA sdEAAT AHEL <H 9> YEURNL
o, F-measure A3 FES <28 6>9] Y} UTh

Z=
E
e

L&Eﬁ

<E 9> 24U 2579 & NE 9489 A3 5 (WER: Word Error Rate;
SER: Slot Error Rate; RBS: 7732 7]%t Al ¥ IDF: IdentiFinder)

F-measure SER (%)
System WER (%) RBS IDF RBS IDF
human transcription 0.0 0.8962 0.8952 17.76 17.70
ibml 13.5 0.8051 0.8018 31.48 31.71
ibm?2 13.6 0.8056 0.8003 31.28 3227
limsil 13.6 0.8146 0.8088 29.43 30.59
cu-htkl 13.8 0.8169 0.8099 30.46 31.05
ibm3 14.1 0.8012 0.7935 33.34 35.50
dragonl 14.5 0.8053 0.8059 31.33 32.03
bbnl 14.7 0.8096 0.7999 31.30 33.33
philips rwthl 17.6 0.7888 0.7878 34.92 34.69
sprachl 20.8 0.7618 0.7611 41.23 40.30
sril 21.1 0.7700 0.7649 38.66 39.43
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