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Abstract

Named entity recognition (NER) is of vital importance in information extraction and natural
language processing. Current NER models are trained mainly on journalistic documents such
as news articles. Since they have not been trained to deal with informal documents, the
performance drops on Web documents, which may lack sentence structure and contain
colloquial expression. Therefore, the State-of-the-art NER systems do not work well on Web
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documents. When users want to recognize named entity from Web documents, they certainly
have to retrain the new model. Retraining a new model is labor intensive and time consuming.
The preparatory work includes preparing a large set of training data, labeling named entity,
selecting an appropriate segmentation, symbols unification, normalization, designing feature,
preparing dictionary, and so on. Besides, users need to repeat the previous work for different
languages or different recognition types. In this research, we propose a NER model
generation tool for effective Web entity extraction. We propose a semi-supervised learning
approach for NER model training via automatic labeling and tri-training, which makes use of
unlabeled data and structured resources containing known named entities. Experiments
confirmed that the use of this tool can be applied in different languages for various types of
named entities. In the task of Chinese organization name extraction, the generated model can
achieve 86.1% F1 score on the 38,692 sentences with 16,241 distinct names, while the
performance for Japanese organization name, English organization name, Chinese location
name extraction, Chinese address recognition and English address recognition can be reached
80.3%, 83.2%, 84.5%, 97.2% and 94.8% F1-measure, respectively.

Bt - an i E A > 1(FJEIR > Tri-Training

Keywords: Named Entity Recognition, Co-Training, Tri-Training.
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! http://nlp.stanford.edu/software/CRF-NER.shtml
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B ERRHEGIFH RS Web ULEEFISREE 0 H EMEEEC AR AAE B DR 2 - 28028
EaE— - FESEABEEISER SRS - BEECE - FEUE R4
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CIPREE BT 3 i TR A S EE T EwER FE MRS » s 58Fb
HIEFE - FATEEEFRIEEEERE: - FiEE (BEECL] E588Es - B8R
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www._104_com_tw/job/?jobno=3vgn5&jobsource=104_sjob
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SR AEHAET BT R R e e e R E RN > FIRENER R BRI MR
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FREE R RSB BT THIRERE ST — (oo R 9 - st E A BIIETFE (Start
Feature ) » E I TR ARITTAVE RN N —EF BN - st AR E (End
Feature ) > 3t 6 {HTHERHEIE - £ SSFNHEERVIBID A THAEIE 18 (EREE -

3.4 BB ok

I PRI EL S 819 CRE-[3TREat R oS B 732 - B AHTZEER A
By LA A A (LA DL R (2 Bt s A sl Sl - i AR 93
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SR RS » PR I RO R SR » RS A BB P 3 R By
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A HAESER—(ERBREE S ~ TREAY Web NER A HEhE4: TH - HFHREE
B T e H L E ARV SR E A ARRIEE (Basic) ~ & 48 Self-Testing &} a8 )& - DL
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[ef s Ee] R BT R B Y R 22
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RER_EHEARE AT FIREAEECHRAVEZE (1dentified entity ) BLIEREE 2 (Real
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4.1 ERREIE
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2 https://www.iyp.com.tw/
3 http://itp.ne. jp/?rf=1
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HE R SRR Y A Googlef = R HISHTR =GR A B IEUE%DE’J%B%%J‘&
SER A B AT )T T 5E AHECAYFullLabelingBREC EE IR (L) © RAFRCE R
(U) fEF10,000FHEEET A - R EPEAAT O RAVRE SR A B - ﬁt%
H78,177{1 &) 5 o &R 555N 20058 th SR R sH AR 8 RoBRl iR 7~ - UNERFEA AT 10HY
HEGERR > DEEN AP E RIS 19 )1 » R A EE = E S
H 6451 -

R e

Ry T IR R B R A i AR CR - ME M Y elplthE 12,4005 52 HLAE B
=Y > BT Googlef = AISHIR AR A B > W PAEAAYh 2 $HE AR
i B A B #E{ T AlignmentLabeling EE#1I #5 Fic UniLabeling ZE £ ISR &R (L) R
FREC BRI U D 6,650 L #E T Al > HUEF I S04l L OfE &S RAVIR =45 R A B
{HEHEEN49, 851l A1~ o &I S5 NI2005E B H A 2 BRI Y > UERFR4 AT 108y
EESERA B DB SO IEUE R S 652(E ) 1 - FHMESC A EE Y B & i
HE2571@ -

4 http://www.yelp.com/
5 http://data.gov.tw/?q=node/7063
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Chinese Japanese English Chinese . .
- - . _ Chinese English
Organization | Organization |Organization| Location
address
Name Name Name Name
Source PEE R iy yR—y Yelp OpenData  ® Z35 7 Yelp
Training: L 11,138 10,000 10,000 10,000 1,800 2,400
#Sentence 87,916 29,999 39,798 53,313 28,739 18,198
Training: U 50,000 30,000 30,000 30,000 10,000 6,650
#Sentence 156,822 88,074 100,182 132,486 78,177 49,851
Testing 2,000 addr 200 addr 200 addr 200 loc 200 organ 200 organ
#Sentence 38,692 809 941 2,638 1,519 652
#Distinct
. 16,241 438 465 600 645 257
Entities

4.2 (E AR [ERVINE Eh iR s EE R e

DLrpSTAR 85278 R B > B4y BIEEFTS0 ~ 100 ~ 150 ~ 20015360 H B 4 A SR
DU NIRRT BRG] - (5 A Self-testingsREER RIS PriE sl sRE R A E - Bl
(SR 0. 7 R stk L R - A LASelf-testingf& 2 Eft R B HET T Tri-Training /B E0X -

R S R R A N SSRE AN VY ~ 5 AR [F AN B EhRHSE SR B LR AE - EER S B R
AT AT LSRR {50 FH A B lan ) R o ] B R A 2 Recal LR

Performance on Chinese Organization Name recognition with respect to different
dictionary size
0.9

: 088 o,asl/‘ 0886
085 T N

083 0825 .
08 078l . 0.768
\
o7 0745 \
N

AN

\\
0.7 0.677
Ny
0.65
0.6
50 100 150 200
~8-Precision 0.745 083 0825 0.886
~Realll 0.821 0.868 0861 0.677
F-measure 0.781 0849 0.843 0.768

LI -5 S RN CIPANAN S i3 7GRl a1 =
4.3 ZidEEE S KR EREZ NER 28E

PEN IRV E B B Bl A B g /N R RS 100 - 3lf DA Self-testing {2 0.7 By SR 25 B
& Z B R A - T Tri-TraininglHRUE
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® uan i H ARHEEHE

LIRS Vi S E /AN EL VNSO Stk s Rr s s v R R B DRIk Y
sy F-measureff {8 - FAMPFHIR N AT REAE Y H U@ iR H iS5 (Syllabary ) 2R H L
FHI—TE > bR T ERETINER S PR ER B ER - B HEhHE ML
B R st & B EE I EE P A BA SRR -

BAPTH L T EAE p St B A a0 o7 A TR = HPrecision - {HRecall AIHHRARY(E. - 55K
EEGSERAFERZE RN SOt A AREZ A ES - f1a0 : T e, ~ D&M
oo TEME, -~ TRpl, o~ THRAEKRE, ~ TEAY - TaedbkE, L
NI BRSO MG E R & R YA 258 02 (H B IR e B A A &
YRR » (H A AP AT A SR SOt R 2 -

TN~ AL E A Z WU RE PR B BhEE AL 2 R S e e

Chinese Japanese English Chinese

organization organization organization location
names names names names

0.825 0.845
Recall 0.875 0.766 0.881 0.777

F-measure 0.849 0.803 0.832 0.845

® R EARISHE

R EHE Googlet =il BE(H I & 5 [57 » MR 4SRN R e P Rap A EH RS G LA 5
FBLT 2 IR —20 (B REpres =45 R R RN hian 2 B Ae Bl =5E 58 A -
ARitfE=sER R RPN ESE T FEARSERESGE - EHNREN
ExactMatchLabelingtZ 50 R AYHFE L Fm A BRI S N AZ1Y - R R 7SO S0
HE - FeffEH AlignmentLabelingbb 35311 4 fic UniLabeling SRAREEC A 350 AT = B HR 0
WhEE—mAERT A EE RS AR s o R E M £
ExactMatchLabeling[t 31 #& fic Full Labeling TEREREEC H 300 - ST 1% 8 B b
1 EL#r AlignmentLabeling Bl ExactMatchLabeling 7 FEEE R SR o SR an A B RS Q1T SCH,
b R Hpostah 2 WS RE AR T -
T ROTHEREZPEREE PR H B4 2 R

Chinese address English address
Precision 0.997 0.938

Recall 0.948 0.958

F-measure 0.972 0.948
4.3 N T EA-RAsEEE 2 NER 358
b B BhEE A BESEGE] R 2 A FAF DA SCAH S B R (R FH N T e A Bl s SelEE L B 2 40

EBE AT R - B LS A TUORTR RS B R 53
SMBIZE B R RS T e 73 A S S

159



2\ RLLGooglet =45 5 7 Bepfealk o aH &R 44 By > Lhi 2 BB A= mlEE ~ AT
A B8] $ ] [EE 1 Stanford NERZUEENYZE 52 - SARSTI S > BN H Bl A8 BR S el F 2 2 3L
PrecisionZiF-measure[#AE » HAIFESI4ERFRecal /KA B HAEFES o MR R T
PR R A RETE A R R H Gk A4 1 B i 8 M K — e B RS BRI RE A5 25 nT REA I
HErE RS ATENR R EERZER > T B B2 LRV RE S AR A A TR E TR
[EEEE LI - HEA 72t Him AnVISRERRETEME > (HEFIHERIESR
Heax BRI 2% iR ERE F i -

P\~ DA H AR R Ry B EEi St H B AR ) ~ A\ Tz S 5)sEEE Stanford NER

SRERY 72
Manual Dictionary  Automatic Dictionary  Stanford
0.8500 0.8249 0.529
Recall 0.8730 0.8753 0.557

0.8613 0.8494 0.543
4.4 [ F] Self-Testing f% Tri-Training &~ NER 34 EEfEF

AEER 5 AE T A Self-Testing DL Tri-Training B A= 2 Hr HFa - A1 B Google f =545 2R
Fi ERNERSUR A2 EE - P LA s HER i pEas R B > sl &k i I &R
T o £ P SR i R N\ A B $ R BE A Sel f-Testing K Tri-Training & & o - H & 71
BT U B A PR A N 2 AR Bl § el [ U7 U4 Self-Testing A K Tri-Training Y & (& E R
RNHEBRUER G R TETT - B DSSTET MR /54.83% > H10.8130%2£%10.8613 -

T~ POCHE AT A& R (DS1~DSS) ORIl E R (U)

DS1 DY DS3 DS4 DS5 Unlabeled

1000 3,000 4000 6000 11,138 50,000
6,724 19437 27,98 45028 87.916 156,822

100000
087 Performance of Self-testing and Tri-Training
' 90000

80000
70000
60000
50000
40000
30000
20000
10000

F-Measure
(=]
0
=]
Data Size

%f
0.75 -@

i S
DataSetl DataSet2 DataSet3 DataSet4 DataSet5 0
i sentence 6723 19436 27194 45027 87915
=2 Self_sentence 5853 14912 17516 23807 34494
Tri_sentence 14363 29439 31137 37897 58289
~#—Basic_NER 0.7658 0.7835 0.7956 0.8056 0.813
=—i—Self_NER 0.7736 0.8066 0.8133 0.8186 0.8329
~#-Tri_NER 0.7919 0.8177 0.827 0.8368 0.8613

[ £ ~ Basic + Self-Testing J Tri-Training £t SCEH AR HFR N\ T 2E BRSHE S B 2 S00RE
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4.5 [ ExactMatchLabeling &z AlignmentLabeling 2255 5

[ 7S BRSSO VAR LR © & [ ExactMatchLabelingEL 4 fiC UniLabeling
J¢FullLabelingZ A= Fl| SR ERHEF - {2 0] {£86,388F A5 7 e P a0 121,370 222,313
(BB - B {58 A AlignmentLabeling bE ¥ #4iC UniLabeling 2 4 5/l| S EORHEF - Hhm] 4
SCH 68, 70 L {[E TS thbl o 5340 » & {5 F ExactMatchLabeling b ¥ #2 fid UniLabelingz 4f 1
SCHEHEFNGRE R - ELAS ] 1E108,435FE M = 4h R/ B AERC 95,558 Fh Sk » 5@
PR FullLabeling - 5 F] DARESCH 136,366 - 30l PN IL{#E FH AlignmentLabeling[L#f
& B UniLabeling 2 3¢ 1 98,154 {@& tf 32 L 4 - % BE % 3% ExactMatchLabeling % fic
FullLabelingf{y55 5

Labeling Performance between AlignmentLabeling and ExactMatchLabeling
160000
140000 136366
120000
“
2 100000 95558 98154
2 o]
w
5 80000 o
2 60000 ’
3 V
40000
21370 22716 ’
20000 g ’
0 H
English address Chinese address
# ExactMatch + UniLabeling ExactMatch + FullLabeling i Alignment + UniLabeling

[E 7~ ~ AlignmentLabeling B ExactMatchLabeling 27 #E2E2 RGKE

ANEFATFESL » 305 oA & AE B —an SRS AR FT SR - RIBE 3 T AR
ExactMatchLabeling fE Lt K EAV Ry HEHE - FRIL 24 > Mt H(EH
AlignmentLabeling?s 5 & {F oG =45 7 B HP AR EC IR HR SOty ap 2 80 A8 - 4
W TEALRREEETTIS1699% | WIEE & AN GBI > {H1EAlignmentLabeling {7 & #7
B B IEEOE AR - ISR AR B R -

FEF+ P FAIELEL T Alignment #2507 UniLabeling LKz Exact Match #2fc FullLabeling
A B Ot bE F SO A R o FFT AT DAPE R T H R S SO i W 5
Alignment #£f UniLabeling 7] LIS FIE4FHY Recall LK F-measure(0.948) ; ZAIMAE H1 3
ol We sk o {5 A Exact Match #25 ¢ FullLabeling W] DL75 1| #5 4F Y Recall DL &
F-measure(0.972) -

=+ - EmAEREM A Alignment + UniLabeling 5z ExactMatch + FullLabeling 7 %{5E
Alignment + UniLabeling ExactMatch + FullLabeling
Type Chinese address ~ English address ~ Chinese address English address
Labeled Entity 98,154 68,701 136,366 21,370
Precision 0.911 0.938 0.997 0.951
Recall 0.456 0.958 0.948 0.330
F-measure 0.607 0.948 0.972 0.490
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sl SR —(ERE R AR AT AT RAST R B B S AT BT R R [SE R - N TIES
ZE LB R Ry TR MRS AR /B RHEGE E (B U B E R

GRS R R AR S > L MEIR R B R HL A [FI5E = SR (R A S B st
FEE - AT FEHHRE ST — ({5 Googlef=m 45 R R Bz 2 Web NERPEHHARIAYE A T H
AEfER B alan A B R HEEE ORI B DAY RE - RS S M e AL A [RIAY B A -
s AT SR R HERCSCR o

FEAR A B BaC Ay G SR SR B R IR A TR & 2 W H Ry A
e R AT A4 T AS IR T LA FH AlignmentLabeling B fIREC 2Ry dn 4 T AGEE - BERE
BftaC AT RE B E R > (HIRMINMREE L K BRI EARECHIISRERT -
SNBSS HE T T 4 E RS DAY B R » 10 Y EPRERE TR B oR TR HIET & A - T IA]
ARG T SRS B EhEE A4 BT 0 A A e B R ERT R E Ry dn 1 B Aa i
Self-Testing ¢ Tri-Training/H 50X > (HIGHFER0RE HlE— 2027 M ISRE R E A E
FfETRE

A Lo 307 P 2R A 8k 4 e SR O S > B R B AE b SCAH S R AT (0 DA
Tri-Training & FUAME S (H1SHRESAE B i — 0427t > F-Measure /] FHDS1#Y0.7791¢ 7 2
DS5#Y0.861 » [ H SCRH&ERAATH ~ MAETCHAR RS ~ chSCHiRE RS ~ ook DUR 3%
SCHEHERYF-Measure s S S 7 7] 2 80.3%, 83.2%, 84.5%, 97.2% . 94.8% -
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