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Abstract

Named Entity Recognition (NER) focuses on locating the mentions of name
entities and classifying their types, usually referring to proper nouns such as
persons, places, organizations, dates, and times. The NER results can be used as the
basis for relationship extraction, event detection and tracking, knowledge graph
building, and question answering system. NER studies usually regard this research
topic as a sequence labeling problem and learns the labeling model through the
large-scale corpus. We propose a GGSNN (Gated Graph Sequence Neural
Networks) model for Chinese healthcare NER. We derive a character
representation based on multiple embeddings in different granularities from the
radical, character to word levels. An adapted gated graph sequence neural network
is involved to incorporate named entity information in the dictionaries. A standard
BiLSTM-CREF is then used to identify named entities and classify their types in the
healthcare domain. We firstly crawled articles from websites that provide
healthcare information, online health-related news and medical question/answer
forums. We then randomly selected partial sentences to retain content diversity. It
includes 30,692 sentences with a total of around 1.5 million characters or 91.7
thousand words. After manual annotation, we have 68,460 named entities across 10
entity types: body, symptom, instrument, examination, chemical, disease, drug,
supplement, treatment, and time. Based on further experiments and error analysis,
our proposed method achieved the best Fl-score of 75.69% that outperforms
previous models including the BiLSTM-CRF, Lattice, Gazetteers, and ME-CNER.
In summary, our GGSNN model is an effective and efficient solution for the
Chinese healthcare NER task.
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1. 4&5% (Introduction)

an A E A, (Named Entity Recognition, NER) 3252 H iy S eSS RE(LAVSOA T > FlHY
AR LR e R - EEERE A - A - HE B BE - B HE AT -
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FeaHB 4 - 153 NER BRI A% T EERI &AL ) DURAHERS T ek, - e Eaeh
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MRHE T B O] SEFE DU R BEE A\ Pl E BAVHR > RILFEEREERENANER - Him
b ARSI E A e A E R F I BCEHIE P RE AR AR B A d 44
HRRE - Hit &2 REN 7 E N SR A A EFTA B - Rlas
EREHRA R G R AT T -

Mi& > PR EN AR BT sE R G Fp Y RS - ATy & E i &
EITEEEE - (HEIRFR A BRI E IR R IR EEE RS - W B EREEER
GRA EENRE - TEAEAVE ¢ RS AT Y (Hidden Markov Model, HMM)
(Rabiner, 1989) ~ £ A4k % & |] & &£ #I (Maximum Entropy Markov Model, MEMM)
(Toutanova & Manning, 2000) F1{iH-FE %51 (Conditional Random Field, CRF) (Lafferty,
McCallum & Pereira, 2001) -

FEE R RS - NS ais UL R - A REE A Sty FiEm - 3F
25 0 RS AT S e A BRI R » RSB 22 PR A a4 B e SR I8 i o (R B IR -
AT E R IR o e A E RS EREE R R - T ddrs FREE TRV SCE
HESEDU R P A00% - BENBEEY 30,692 4 » A TH3alit KE5CA % - #5553 Cohen’s Kappa
B DA Fleiss’ Kappa (ERECRIEECHYmE @ i {48347 68,460 {Eap 4 EHG » 1S 10 {EHH
Al arRlEARE ~ EAR - BEREA - el (LEWE - RN - g BRI BFMK
BFfE

AT AR RV ELEE - (AR TE AT AT B A e IRV R - fEdan A E e
R (T > BILSTM-CRF 40 22 8 2 £ i ) i P9 3237 61784 (Lample, Ballesteros,
Subramanian, Kawakami & Dyer, 2016; Ma & Hovy, 2016) - Fe( DA FE 2248 A 2Lt - i 5%
BRI o BrEERTRE RS R E R B R o DA Rl A BT - FISRE AR A
O E R A DL G AGE R A& - AP E 51 4E 48is (Gated Graph Sequence Neural
Networks, GGSNN)HI A F#UE ] » fEEEBE N R IR E o 4 B i ERaE R E - > 25
F1 738 75.69% - LhE AT EAARMEAHBNTFEIEAI(BILSTM-CRF, Lattice, Gazetteers [ J¢
ME-CNER)A S 4T YRR -

KW —2 oy B AEEET - B —EE6 R4 - A ERPERES ARt EIE
BIHHY - B EHEARETERNTE - 38 B Aiay e % ERePEREE R E - I H A rea
Nan 4 E RSP o 5 = EEE RIS o SR AR L A ] (R AC AR AR
IR S MR AVER I - BRI B ERSHG LT - (KPR HEEREVEE - ik AR

& - ERSCT ARSI - SR E RS R ER T - B A E RS mAIR I
77% o
2. }HRERAZE (Related Work)

2.1 B EREEREERE (Chinese NER Corpora)
MSRA 4% B B e (Levow, 2006)48 (0 & 30 FEEN » sBRIACR Fyifr i S0 & » Hrpig
W BEZ (S FHA B 5 & A\ #4(Person) ~ 4 (Location DA K2 4H %%+ (Organization) » [ &R}
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EHFIISE RIS T 46,364 {[E4a] 1 » HrAyar 2B RS4E0Ry 118,643 (i - JHIEIER
Fy 4,365 {[EH)+ - HrpiEstnyan R E RS A8 Ry 4,362 ([ -

TEALEFEERS 7 T - Weibo dp 44 B RSB fHEE (Peng & Dredze, 2015) 552 T (i it 4 BRI
Hef# 2013 4F 11 H % 2014 4F 12 H VRS H =T BEH s S VB E 483t fy 1,890
R > EECHy e R E RS RIS A 4 18 - 73 Bl Ryt B B (Geo-political) ~ H1$4(Location) -
4H&%+4(Organization) DLk A\ #4(Person) » H A fEECHy an S B A E Ry 1,981 (] -

Resume &l £E(Zhang & Yang, 2018)HYAE R (E A\ JERE » EREAVHIRE Ry P B B
HEE o SALEEMIREE T 1,027 {5 RN R EREBEILE 8 o HbEasER
(Country) ~ A % (Person) [ Kz 4H 4% 4 (Organization) 545 » b j2 0 fy 44 B B 09 1 453800 By
16,565 {[& -

o R 1 [ B B R F5 5T B K @& (CCKS: China Conference on Knowledge Graph and
Semantic Computing){f. 2019 FE2HHATEHNMERS > a4 B Ae P el iy E RO Ky 81 R
(Electronic Health Record, EHR) > G452 SCHE %Ry 1000 & > T Mt SRy SO SRy 379
£ i mAERE S 6 1 0 75l ABER 12 E (Disease and Diagnosis) ~ fi &
(Examination) L &z fgz 5@ (Inspection) 55 » H RSt an A B RS HIAEEF 16,565 ([ -

Al 4 B RS SR R - NG A R A (e R IR SR T IR RE R e HLED Ry RE RS
RIEAWFTRE T —(E P U@ R E R e R E R sE Rl E - 5 10 a2 E/E > 77l
R NBS ~ EAR ~ BEESM ~ eER - (LEYE - B - B4 BE S JBRDURIFR]

2.2 P A ERYEREREA (Chinese NER Models)

Dong %5 A\ (2016) & | o SZFIEFIE - P SRk — (B0 - HIREE R h S0
FrEHTZEFEATR - MEEEHEEAEANENESR - FEiEE el o] DS i
RN - R SR T F ) IEh T EE R ENR/NEAL -

Xu 58 N (2019 T B T FHRH LAY ER e R DA R A B8 I FLAF SRS DA R D
RO [ R AT AR IR ST AE 4 % (BILSTM) Uz &2 5 (Convolution) B S MY iz
o JESRSE T Z BRI R SGRE R E f b SO AR R S E0NE
FTREB A EIRE R - ERIL B i v o] DU T e — 2P 9 o3 7 -

Zhang #1 Yang (2018)F2H T —{E#r Y L4 Lattice LSTM » [FEASHY 3 SRR EE Ry iy
AR T i i A KR B B - TR Al BB E s R o R BEfE 7 =T
DU E 20 0] g /BAE VG B 5 LI Se &S RAE an R B RS ek 0 (£ 75 h BUS T B RV R
% o

Ding Z£ A (2019) (5 FE 1 B 14X 4 % o A P 122 8 o 5 R A A s > I e (o o pE 5
2 E T IV E IR - A TFRREE e A UESEEIHE - HibEERE
THER ARG RES T STV RIE AN -

B B > ARG T PIHEE T 5 v 4848 EE (Gated Graph Sequence Neural
Networks, GGSNN)f&AIZERE » DL BILSTM-CRF i Fy 5LHiE - DL Fy BEAL & (EREAL AT H A -
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bR T FAVERLASN - RIRHZEIIA T 808 DU E R « FENA TR - SR e A
6 ] = S BB RO e A s DU G T B T A A Xu S A (2019) 19 B » {HFF & R
FREHSERE LSy o TR ISR EIRE A T2k Ry GGSNN g s A - gl
Ding % A (2019) R [E/yH 5 A B A [E T H 4R HE A = (HEAEAHEIATERS S T o
FHASERESE M EA LS E -

3. ERIZERE (Model Architecture)

AHFFZEEE S P2 T AR 4 (GGSNIN) R TR 2 4 R B 1 s A T HET 7R
[ BILSTM-CRF {E By (1 AL B 20 A » i B EfCaE (> AEAVAEIL Sy B lUSE -
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CRF Layer Disk :l—mm sk H 1 0 HeciMHoE HIcENH 0

BiLSTM Layer [ BILSTM
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[Figure 1. GGSNN model architecture]

3.1 ZE AJE (Multiple Embeddings Layer)

FBHETFIRA ~ FRALKE IR AR ZERA - ERFiRA -~ HE
i ADLSERl i AR E 7 A0 T ARG - EResdm Ao FF R n -

(1) ~ F#% A (Character Embedding) :

i AFFS X = [X1, X2, X3, .0, X)) 0 57483 BILSTM DU TRIERR - BRI & ARG
FIRAFEFS » FEIFY] € = [c1,¢2, 3 w00, €] » FHPNEAE S 7T REEL-REERREY 55—
BORMTATHY A AR - RIL A BILSTM m] DITE 2 REEREAVE R - G RIER 2L
TR eI
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[y1'y21y3!"'!yn] = BLLSTM(X) (1)
(24,25, 25, .., 2y] = Conv(X) 2
¢ =YDz (3)

(2) ~ #EHr A (Radical Embedding) :
A E Y X =[x,x2x3,., %] 0 KUBERERR - 5 FH 0 E R 5
[re, 12,73, 1] U BT & % #ﬁiﬁﬁ YA RE - PRI G TR B ] DU £ By
7 -

[y, 15,73, .., 1] = Conv(X) (@)
(3) ~ z@lER A (Word Embedding) :
FR ARSI DL Ry BB Ryl A - 1 (B — (B P4 A EsERE Fl se A A E Ry E R > Atk
MHEFHVERN » IIARFEGEER - o] DR - ey &2 @ R i = PE R
B WL ARHFTERRHAE S 6F - NEERI MR EE -

W = [wy,wy,ws, .., Wy ] (5)
BERFRETS - S EREFYILGIR P  HERZERALT ¢
h'= Ci@ Ti@ w; (6)

HrpoAREBmIEHFHRA > nAREBRIERHITHERA > w ARG R A b
R FERZERA

3.2 PIZEEIFFItHEAEE)E (GGSNN Layer)
FEABFE PR B2 GGSNN E238 &) - [E &5 (LR HYRRE - B Li 25 A (2016) FrfEtHiay
GGSNN “R[EZ BRI B Y GGSNN wILL4E T EAREEA FAVEE - BEi B0y
GGSNN ATBURFINA A8 HATERE - A H45 TR EHF IR ERVREE - Bl ey
PR - BAFHEEA ZIRHHEINZ (85 8 - Ilﬁtﬁi Ding % A(2019) iy~ iRHET =04
(] > ABFE MR o S Y e 2 AR R B 45 Wk o R L i

FERAEMTEAGHN AT > BB SR HELESERRE - BBENZEA
& (Multi-digraph) afi40E 2 - 43E —E#Z4EFEE 6 := (V,E L) > HopVAARETEHY
e ERREBIES » LARE LERNES - BER AR T HF 8 n (8 - i
EHEER M BIRNVESY =L U UV, - BV BT RYIRTRES - [E 7 LS
Flpasehs - GEARR T YISV N EETES - 7351 Bovays  Vage * BT g, SERHE
IR E > vy, SR EIRAVEE R AL E VLUV 3 IR Ryva, s DU vy VRS
BIVESE = {e} U {eg iz, > H{e R PRI BB HRATEIVES © {eq }it, BFTAFH
HEHVEAVIES - BEEBEET AR > 8 EERNES L = (I3 {12 0 LBTFF
BRRGH AV EAVERER - 1o, Ry SUBBRATE ERURREL - R [E Ry S A N EI AR -

DU T BB FE SRS 2 B AR, EFBATT RO WIS EIL0E 2 1Y% 4
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ArE - FaF o RS EREESEA T EEAIE, - TR, - TREE, DR
"R, o B T REBEEE  BafEsa T BN 5 EF L (else) HyFHLT > R
TIEECHHE | BITE T BIIERIMATSEY, o A T NN Ry, 0 [

PO ) MVAER TR o SHEEIAE B o A TSN Biva,, e * V1T T Hdgrse A

R s (R0 BLLEFI 8 R LB ENIBIEALE » va,,, o T dase DUR T

TR e RRH AL FIRYF # DU EEE FIRTER S R ALE - HERRIELEHE -

Vi Vi V3 V4 Vs Ve Vi Vg Vg Vio Vil Via Vi3 Vi4

& % % # . i A #h # b4 £ 3 A Ll
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& 2. 247 EE

[Figure 2. A directed multigraphs]

A EREERERE > AT LUEBHAEE (adjacency matrix) 2 - [RECH [ EHILE
TRy 3 6/ 28 T H S FEAY AR AR B R A& 3 YA 0 Hoh Ay B4 e B R E AR
AR S P LA g A S A e FITF R

Dlagpl ey TSR SHESRIGHY 2 B AR ) Rl TR 2 4R 1 BRI
A8 R E R TAE 4 > BT R L AT E G TE R 4 [T
SN2 A EE S 55 - DRIEE S FE A R A R e Sy 2 R e

Outgoing Edges Incoming Edges
J s
i T h
0 1 2 3 410 1 2 3 4
0 0 1 0 0 0 0 0 1 1 0
1 0 0 0 0 1 0 0 0 1
2 1 ] 0 1 0 0 1 0 0 0
3 0 0 0 0 0 0 0 1 0 0
4 0 1 0 0 0 0 0 0 0 0
A=A, Agul

6 3. BB LRI R AE

[Figure 3. A directed graph and its corresponding adjacent matrix]
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[Figure 4. A directed multigraph is composed of multiple directed graphs]

HH i A TRV R A6 5 RS AT UG BIAE AR AR R A, - 10 FH R [E]AY 52 B AT DA 2 = A

S E A AE AD R P o (R BE A B 9T Y o7 B 0 81 07 S0P DA B A RS FE fH A, ~ Ag,

Ag, ~ Ag LAR A, » B A, (RFR R IGEEFHEE R 1 AR - HErKIEE
e -

AR T » R EFHRAEAFERE G 55 R4 E R R - EHUL TIAZE

7E -

[Wc' Wa,rWa, Wag, Wa,, Wdelse] = G([“c' Aa Ay Aagy Xy, adelse]) (7)

Hrhae, aq,, @q,, Qa,, Qa,, Ca,,, ko P AR SRAT S8 07 H 2% 4 sigmod b B fi Hoii
IR I REEE We, Wa,, Wa,, Wag, Wa, Wy, * 1R B I 421 5 A1) 316 _EAE S B R AR AR AE Fe - B
ARG R % A HE S AR AR AR -

FEA R P2 8 5 A AC PR & o BRI RAEIRRR DL N A UE 2]

ON {hd(v) velkUL,

8
’ h(w) vev, ®

Hey (R B % B A SRR TR S5 SR e
{5 A R U P VR R (LS Ve o 5 B BRI 5 B 1)
T oV, Byt BRI R T L BRI AURTES + V; DRV (B B L B i A B B )
SRREEE -

ERBSHIRBREIR SRS 1 GRU (E0HT » B(EBER R T -
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H = [ heD, L hEY] )
al = [(HW)T, ......,(HW,)T1AT +b (10)
z? = o(W?a’ + U”h{™Y) (11)
1D = owra® + urh) (12)
A = tanh(Wa® + U@® ort DY) (13)
hY = 1 -z ohf™ + 2P OrY (14)

Hep h FORATREIE v TER R B AR RORAR » A, TR By R R S R
PRI TR > A 30(11)-(14) F GRU BET > z B r Sy IMRER BB PILA R EE T > 1548 GRU
BRICH DU &2k B AHARERRAAY (5 S DA S B B RTFREGINGS - SHEAENGE t RRriy R
ARRE - KCHEIFREZP R (time step) T 1% » F] LAG EETREAVIRESIRAS

3.3 EEREHREHKEEE (BILSTM Layer)

R EEETD » ABFSEP EE F hAC AR B e o I PR LR RS, » 2 (E BILSTM 8
AR o (I BB BILSTM - DAl 5 il AERs fE s H 2 i A 71 > 12
ST DY 15 B R AR T BB R SR A P 31 <

3.4 fr{-EEMISEE (CRF Layer)

a4 B A B R e YRR ECAY 2 o T R - A EAE B R 2 oy R RS > G PR softmax
function {F Ry thi ek 8 > (EAEBTIRERE - FPPIREEE R PRV E Rl ZIHIREE - $8LE
IS ZIFT AT AR REA Pl 2 [RL R (RS 55k (Condition Random Fields, CRF) HUft T
softmax function » 5% 1 & I AR > AWTFEATER A A Ry fRtEly CRF 1 -

4. BEEFHEELSS M (Performance Evaluation and Analysis)

4.1 ERIEEE (Corpus Construction)
A7 2 i [ R A b R G S & R B 40 SR TG T 2R » A =R AR 53 7l s B 22
YapsEEEE - B NIREAE o R AR B B DR R R S B B AR R AR
ENBFTESASCE - MBFHENE R EK 4R - BAeNENMELS  XEN
A I SR R AR R AT RE o A IE o0 T B 22 A e B DL R R (R A6 — e T HY
T A5 RROCEEDLR 799 RICE - R — A 1,818 R -

%=1 E Cohen’s Kappa (Cohen, 1960) {H LK Fleiss’ Kappa (Fleiss, 1971) {gw] DLt
RIEECE - HEZEAVINRE el RERY— 2 » Hrf Cohen’s Kappa {8 % F > i & /d
8 N B —EME - M Fleiss® Kappa BRIz E = AL EAYEN - #R3% Landis DUR

! B4 EREE ¢ https://www.kingnet.com.tw/knNew/index.html
2 BE{@EsE ¢ https://www.commonhealth.com.tw/
® eafsd : https://med-net.com/
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Koch FTE A9 %E (Landis & Koch, 1977) » ‘& Kappa {E /N2 0 B 5 Poor agreement > /7
7> 0 21 0.20 A Slight agreement » 412 0.21 %1 0.40 % Fair agreement » 7752 0.41 - 0.60
B Moderate agreement » /pj2 0.61 - 0.80 % Substantial agreement » /32 0.81 - 1.00
F5 Almost perfect agreement -

AREAFEATRE TR I a2 B - HEE 108 HERPURBIFa1% 1 - B
TELERIYRAR - BT E o A (E RS B - S BEECHI AN B — A = AR SRR
B4 » R EHE T SR TN LG Ran R B AR ARAC - BB (EPE B S I 2 4a Rk B 4% 25
FECE ~ R 25 IR o E DU B4 100 RIIRZ » SefBch—iEsD » stE =M A B
—E M - 551 Fleiss® Kappa & £ 0.80 < HfEEE—AIIERCAE FMET&m - B IFEC RIS
FI—EIERAELR - FESAMY 25 R R RS B BN S 25 RSN R DL R B
Hde 100 RURSZEHAREEC - 158 Fleiss” Kappa {7 0.89 - Z%( |~ Landis L &z Koch ATl 7
(7 Almost perfect agreement » TEREFEE: (Y Fleiss” Kappa A HAE E7t - H SR HE21HY
HE%G - FERVREESCH P T o A= A B TEERE -

% 1. & BRI EZR L]

[Table 1. Named entity definitions and examples]

=l EH ol
N e g | gn g | a2t o | CIREAX © FHEERHAR ~ L
(Body) TZAEYIRGHIARE - 404K - BRE I RA B 2555 DT, 5% «
RSN NABRE > HEE R FERRZ - T | REK - B - -
(Symptom) JEEFEENASHT - IZE ~ KRR ~ &S -
Bt &2 - JERE - ERERTHR A - | MRS ~ SR T
(Instrument) (EFEYERRS ~ 25t ~ BS(F ~ BofFel e - | B - N THRETS -
T FIF BB B A RS RETIRAE R s | BE & -~ BAPNSR 1%
(Examination) BERTAL o - K IREE -
{bEpE AR HEARFECEYEHEN - BEFE | ZEXERE - =FH
(Chemical) ERL{RE R IR A T RK, = B ~ ML B R -
s e N EAMERZAVIEF NIRRT | /NEREE « e K
ey | EVELT  MEMAREMBERE | i EEE AR
PR EAEAR IV ES SR AE - BRI ~ ASEFLE
B ZAE AR ~ VBN TEPDTBR B | PTITIEEE ~ oofd B
(Drug) IR AE A EEY S LB R - PR - PIAERE
B BT EIH AR A=NEE'E | BHEED - 24H - &
(Supplement) F IR R AR AT - ey - TEEERE -
i Ny YN SEYEE - MAEER
(Treatment) A BRI RIEERE A -
IR TR IR R IR 5 G T B S | BRSAHA ~ 2h 5N ~ &
(Time) B2 - HHA -~ AT~ 2
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SR A R B & 30,692 &) > S HEY 150 B - BEIT 92 B (ElEE - 68,640 flan 4 E
e - JSE AR = (AL A B & BIEECATED - 344 28,161 A) > (A 1145 49.44 (&
T (29.99 {E5H]) - #83tA 61,185 {Hap A EAG - FYREATA 2.17 | - WElEKE =
EfEEC N B FEIREECH — 25 IR 2,531 & > B A 1145 47.92 (5 (28.67 {iEz) - 48
5 7,305 {ifldn 4 E AR FHIE(E A TR 2.89 {E - 10 (UL SN E R E (-
e HE R ARG » €05 38% » (R EEIR ~ BRRAMEEE - Fild R4S
By 82% > Rk 6 JHAKYML ALY 18%

4.2 gk A& (Embedding)

AR I AT 2R Word2vec » Sl SRET BRI Ry R > N aE R ERY H 3
F5 2020 52 2 FJ 3 H > FIFIREAEZRIAT AT LA SREH iR A ~ BRE RA LU G A > 35
TE Ry /DR 5 RELE - [ B AYYERERYSE B Fy 50 4 i f& 1S 863,835 (R A& -
13,581 {E 7R A A& LA 3,209 EEE R ARE

4.3 BEEE (Settings)
AWFFE T A HACH — 3t B =10 9 BB 4ER SR - lR BB K
1EAE° » Hooh B SRR B B g B R R ERE L R E R AR
RBEELE MR EEIIANA R ICD-10 - AR/r41E - B2 - BERELL
FERESMES  [EERTHEE & DTSR KR TR
E7# » 1 {EFHy7 875 351 {5 - 2 (B 09581 7,978 {fEgd - 3 (HFnyF-8h 19,282
{5 > 4 {EFHFHA 31,444 {EzE o GEHFHUE 5 (H5 DL RAY5- 4 95,362 {#5E -
TEdl sk aiE 2% (learning rate) DURFI4RE R HEZE A (epoch) FH%e » EREY
epoch [ learning rate %5 0.001 » &t B RAGRE(THVEI SRE L - 5 epoch [y learning rate
F5 0.0005 » Eih Ay i AR B FRFIRE R - HETHIKE e R E R E S A R - H
o BT DA g1 ¥ M R B AT B R R — R0 R R R e SIS iEiE T g
FELTE B S T (31| S R 23 TERfE » epoch 14 (B 5 800 batch size % 32> LSTM [&
JEE SR 4 P By 200 4 > GGSNIN (YR T ZCH (time step) S7E fy 2 -

4.4 FEEFEAE (Evaluation)

H R AE a7 24 5 38 P el GBI 0 BT Ah 505 By s fE R (Precision) ~ [0 2% (Recall) »
Fl-score » {EAWFE PG 7 ERFGAELL ¥ (exact match) » 2 BIFEIIAY 45 5 75 B TE eSS 5
SERAATFA BRI o JRAM ARG FIA1FR 2 - FEILAEMHETEERESS (Precision) & T 1E
HEMEHEEROYTEE | 5 T AEHRRIEE ) BERB > BEIE (Recall) fy T IERESEHEERIIEE

4 ER YR https://www.kingnet.com.tw/diagnose
S MFEHEWIZENR © https://terms.naer.edu.tw/
® J@¥649 : hitps://pinyin.sogou.com/dict/
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b5 T ERZ MR EYIA E ) AVELBILAR Fl-score [ £y Precision DLK: Recall fyF8 A% »
srEAHKES (15)-(17) -

7 2. EAEE
[Table 2. The confusion matrix]
HES HME Positive Negative
Positive True Positive (TP) False Negative (FN)
Negative False Positive (FP) True Negative (TF)
. TP
Precision = (15)
TP+ FP)
Lli
Recall = ————— (16)
TP+ FN|

2*Precision*Recall
F1-score= — 7
Precision+ Recall

45 FEGEE (Results)

FRAMELEL T LA S dn A B Ae A R0 BE 22 2

(1) ~ BiLSTM-CRF (ICCPOL 2016) :

IEERIE/E T Dong % A (2016) AYZERE » DLFAE R Rb & (RN E A » TR A(EH &M
4.2 G TR RIHV 4R I REERHE E (EII SR E R » [ E4EE R 200 4 -

(2) ~ ME-CNER (CIKM 2019) :

Xu 25 A (2019) $2HAIBES » ARIHFTE (EHIB R 2L AN MCE S - RF5ER0 Rl ik
Ay &k BiLSTM L K Convolutions Eb#E 4y B 4% 4% BiLSTM-Convolution DL K2
Convolutions 124 » HHETEH) BILSTM BREEIRE JRIGHIENE » HELFEEIGRELS -
(3) ~ Gazetteers (ACL 2019) :

IEAEAY £ Ding 58 AFrt (Ding etal., 2019) » fEH RV A FRELFRZ S - R
BB AR AT FE T Y E R - 2 8mVE e BEIRGIE S E > HRBIRE S
A AR BRI FT & BN iR AL TR A > AL BERNVERIH i AERE A REE
HEEHETTRIIGREN T » RBLEA 4.2 &P ATiREINER ERME fEIISE R - g4k H % 200
HEHHE -

(4) ~ Lattice (ACL 2018) :

FEAEA By Zhang and Yang % AFrfEtt (Zhang & Yang, 2018) » I F Him S HRHE EIHY BRI
T2 - B ERPE AT FT AT AV E R » AR E R 2 FRRGTE S - MR g
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FAENAY i A LUK G R A FH B RAE =S A it -
(5) ~ GGSNN :

It R ATHIE PR A » TE55 = F ARV 48 - Hrf - radical S ILFEAY GGSNN %k
ERE R A - word fy HEfEAY GGSNN EfRad#R A - - radical - word Rl 5 HEf5 8 GGSNN
B R BR e A DL G RA ©

7 3 RytHEAIRRELLERAS &L - ME-CNER B BiLSTM-CRF W& HYZE S Ry A IIAKS
B AL SR A P E RS 1541 ME-CNER H#7A BiLSTM-CRF #£FF T 2.59 1y F1 »
RIS & i A DL R aa ik A A BT FEFHE AU FR3R - Gazetteers B BILSTM-CRF [
TR R R B I AFIAVE R - (EE RS RIS A Gazetteers fHEL> BILSTM-CRF $2
F+T 2.7 7Y FL> RBLE# GGSNN 5 AT & A A E 8 > o] LA XAV FEFHE A =3 -
AWFFEEE Y GGSNN R > [EHFIIA T E B R A ~ sl A DL B 3 ek 4gps - Hk
FHEL ME-CNER DLK, Gazetteers bE# » 43R EF-T 1.54 DI 1.43 ff F1 -

FH GGSNN 73 B EBREE E R A ~ AR A LR FEIRFABR W B EaLbigd > n DA
It AR ER B R A LR AR A SR R IR 2 > KPREE R ABIIHY Fl-score T FE
T 0.61 > EfRaEER AT Fl-score NfE T 1.41 - [FHFEFRET E AT Fl-score g T
1.69 > RIFLFRAPT T DA AIEE Bk A BT FETHE R R AT RRES A - A i s ik A2
HEmA > BEEMFRIRAER

AR GGSNN FEAVE f R F1 578 > 1 Lattice 20 » WI{ERBIAIAT 7 52 5
&/NSA 0.47 » ZRMAEH I SRAVES RS D7 FEEIRVRERS L T » AR A 1K
ifij Lattice 4FEHF 6.25 X » TZEHYJHIA Ky Lattice 2 75UHY batch size (R B fE M AR HAESY
RER L EEREMAR > FEE LM - f5FEH %L batch size fIAUER -

& 3. BREGRIE

[Table 3. Model performance comparisons]

Method Precision Recall F1
BILSTM-CRF (ICCPOL 2016) 7038 2t 7156
ME-CNER (CIKM 2019) 73.68 74.62 74.15
Gazetteers (ACL 2019) 73.00 75.56 74.26
Lattice (ACL 2018) 7469 7576 7522
GGSNN (ours) 75.46 75.76 75.69
- radical 73.50 76.73 75.08
- word 73.48 75.10 74.28

- radical - word 73.46 74.54 74.00
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4.6 $E2R45717 (Error Analysis)

RIS an A ERSASHER P ECOA T b TSRS - $EEREHINR 4 -

e CONTAIN : [EmEfyenf2 & " aaE ) B EE -

e CONTAINED : IERERyer 4 EHS " B an ) FUARY s EES -

o SPLIT : IEREM dn B RS ECE THUHINY da A B RS WeAfr i i B A RS -

o CROSS : [EHEM e BHTMIN G R ER 2 M T A, BEBNTF -

e NO-CROSS : Ve E R TN ar H ERE 2/ 09H ) EBNE -

5 TSRV SR 2,193 { - H AR S IsEiA Al Sy NO-CROSS » &9l 72% -
WMBZRRGA > A EEE R pIa © Mg R R E(LES (SGPT) ~ FEERR AN AE
BEF (BPH) FIREAEET-28F (ICSI) 55 @ A EIISE R - HR B s g 4 -
AW RN o FEHER TSR » FHE s SR T HER NG A E R E -

K A G5 B RS R R ]

[Table 4. NER error types and corresponding examples]

e | BURERS CEERRS  VEVERSSE TG L S
B e
CONTAIN
ey | VR B, UVATEREE - LA
U et -
BE | BHEAR SR BTEELEBRITELSY -
CONTAINED
FOH | BGEAR SRR, BTERLERIELSY -
BE | WE,, . FERRMORHEREE -
SPLIT
TR | e FERRPIRHERE
crosS BE | B OB, RIS TR A
FOH | MR R HAGs TR R
BE | ST RERIER - RN BB
NO-CROSS
TEH | T EESRINAR  WRERME HE  ER -

5. &hsmEARAKIFE (Conclusions and Future Work)

B PR PP E AR A - R o SRR I an R B e s - EERA0 T

— ~ TRt —(E % B A S EHE YIRS - (EHE ~ TR FREE R R
2R BB AR R A R I L AR - T (PIRUIRALEES] 75.60 HY F1
BB R a 2 E AR OT A -
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2 BEAFIFTA > B S— (E fERR R Ay S AR e - Bl 30,692 {E AT
HYEL 150 ET (92 EigH) - $475 68,460 {Elay BTG - 1S 10 (S50 - B 0 AR - E
R~ Btk - (BERWIE - PR - SEan  BRNL  JBIRLURIR] o
A a4 B BE WA B TR > BAPT o] DRI HgA FRYFE K - (eI RS S =

o HU R S AT R L e G - BB E U A ar R EEG T DS SR

NEFER > BCEMEE ST FEARRAER T > dar R E R BERAT IR Y

A E RS 0 A DU R (R EEL - B EOHELENE - AERER R E - HEMERRTFEM

FYEERE
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