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Abstract

In view of the problems of low efficiency, error propagation, and entity redundancy in traditional
entities and relations extraction method, this article proposes a joint geological hazard entities
and relations extraction method based on bi-directional long short-term memory and conditional
random fields with attention mechanism. This method employs a new tagging scheme which
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represents both entity and relation information by the tags and converts the joint extraction task
to a tagging task. This method applies character embedding as input, and extracts geological ha-
zard entities and relations with BiLSTM-Attention-CRF model. The results shows that, on geologi-
cal hazard corpus, the method achieves 85.4% F-score for named entity recognition and 63.6%
F-score for relations extraction which proves the superiority and effectiveness of the method.
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1. 5|8

ARk, HE ™ R 5T 5 F 7 EAG T 2R R R BRI R AR, 45 N B A AR A TR i
BRI B SO0 BT R FH AT TIRA SRR, B 7 RS9 T SR . b it 9 SO T AT
TERERI AR = JCH (TR - KRR - LK), M CRIZIRE A B S Bux g 405 5, Xk 15 B
Mgt 5ot BAEEZE L. Ho, SURRRMNCOA/EER, BT EMss 72 N WNigE
(A 25 R A TR 9¢ 3 SCAR R I = I dl, AT DAy 00 8 B R FH TR o S5 A R, R adE T Hb BT ok S ) TR
AR AR

MR A 42 SR IR ] (Named Entity Recognition, NER)A15¢ & #li it (Relation Extraction, RE)H 4~ F1F
55 SR S8 JE MR, TR 2 =) 1) SEAR OC R AU VR IS UK e i A G U7 v . b 4
WAKETTVE SR 58 i NER FAE S5 1], X R00 BI M Se AR A7 B UT S, P AR 48 S AR X 54T RE F4E55(2].
X F NER FATL4%, B /Ra] RIER (Hidden Markov Model, HMM) 1 2& 4 #/13% (Conditional Random
Field, CRF)5F 2k YE G UMY AE 12 AT 55 R I RAFIVERE(3]. BEEIREES IR, FET A& ML 1
UARKHE R I A F BRI ERE, Hd BiLSTM-CRF #7454 T 538 1l 4 W 45 (Recurrent Neural
Network, RNN)HI CRF BB I8 £, 727 FUFRTEAESS R ML (4] HIX PR KL T7IRAFAE 2 A1)
A 1) IR NER #AUF1 RE #E8Y BARSE = 1 HESR I RGPE, (R0 T AN TAE 55 AR G HE,
M RIS SR S B A R IR B 77 . 2) NER WU R 225200 RE (45 5L, Bl o 5 3 418 = o il
BB R %

SRR T EAR, WA B /R 2 FIH NER 1 RE (5 B2 TR A PERE, H T2 T 5
G HU = o 4L B T AR I UG T TR . Miwa 55 NSRS SEAR DG R 3 B (o R A
T 70 I L, e A A 1) 7 2RI SR R ) SRR G &R, AEZOT VA M REBOE TR-E TR N T
WESE R AR TS, Miwa SEN[6]H IR SEEL T, BG40 2% B F 7E LR 0 R
HESH, #£ ACE04. AECOS5 ¥#la 4 F A2 i F 48 T, AT Miwa 55 N A8 1 S0 2 [ B B K
ML R, Bk, Zheng FFN[7]HRH —FloBr BIARERE ZUIR I BRyE SEAR R FIOC R, K SEAR S REC G Al HUE
FZEAEF IR R, EFE . RS ESURER] T2 MM (EZ RNk e s 5l —
MFR=J0H, TR R RES N, WK E A, —DREEEUL 2RSS 52K R
MR R, IXFE— X — B UL EC A 2> 15 R K= 1 = o4, N T NER A1 RE AT 55 1048 B R I =
BRER, B — PPl AR R, B ST A BAE B RASREAE B, $2H BILSTM #2245 fl CRF
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FHSE G SRR RECE U, HRNE S IHURIER A SCARRHIER 1L BE /7, /1 BILSTM-Attention-CRF
BN SR G R IR T S5 e AN PP RS o), AR SCEEAM T 5TER: 1) 1% Zheng 55 A[7]
R AR ERE AN E S X RIAE, AFEFREE BRI BE R, I 7 iRl & se
PRXTUCHC SRR, R E T T U R SR TR S G R AU HER 2 2) B0 SO 2 A BE B K [R] R
1 35t 3 o B B 2 ST AR AR AR N VE R JIHL (Attention), AN REFEIUAIZURAE, IR AEIN5R AT FAFAEFREL,
BB T A BE B SRR 22 18] (1) 56 22 e H ) 73

AL AE N ARV ¢ TR RHE BRIF, M THIKE T, ARSI SRR OC RS U %
S 7R AP RIRCR, U R SR 44 SRR A F-score 1A% T 85.4%, X AMMELA F-score iAF| [
63.5%.,

2. FRETESHHEAN
2.1. #REAE

FE— B A Bl 56— > 32 544 (Main_Enity, ME)FHE I 9¢ 3 SCA HgEAT SR AN OC R G Hl L, A
EAFTFHEE FS2k ME R R RIS AR (X, X, X, X, b BA RIS S 2 [A] 50 R 282
{R,R,,--.R.,~-,R}, Hrf X, F/R5 ME FAIER RN i 92k, R F7n X, 5 ME ZHIFRRFM, K
CHEET Zheng Z5 N [T H AR, EFRSAE Bsgn 7 SHA M BE R, FE 7 IARMREE L, B
Ab R SR . AR SCER M IOARRE S AR T S SRR E . R RER =T k. Hodr, Stk s
PR I8 i 4 SR bRy 7772 “BIOES” IR, B RoRSEAhE 7, 1 RRSLR A E, ERRSLRN
GERALE, S FORHB TR SR, O RoRAESAR. K ARFHZARME 5T 5k F1ERE S THS 21,
AICAER 3550 kBT SRR, LA 12 MOCR, Al WEEL M, AR KR R AR
FER &, HZESTE. RFAEE, AR SFHURMPIGE . SR A BARSRIR | SR e = oA
HRIAE, B2 R, Hp 1 BoRiSURAL T = n A S M E, 2 BB SAMLE, &)E Sk
KA I R AT A =0 H A 1, REREER, Sk )RR, BUIA — O SR sl B v, br
B 1 . Bl “BERE TR ” PRENEERSE TSR “ME” , ESCAH, BRI
H 2 N7 ZHEAFAERSR “H N7, W “2 N7 dERN “ N7 mARERE
“NP” (Number_of People, NP). ItAb, “HiMATR” 2R RZFME NSk, BOGInA B “17,
“2N” RRAPIIE AR, A B <27 o YL R “ME” fl “NP” 1] “BE” £45,
B I3 = o (i i T &, o A% 2 N).

WmAFRH: M o wm &% F % & m 2 A K

SEGE R LI TRE, BT 20 7

H: MEAESEE, NPAGT- A

Figure 1. Annotation example

B 1. FRERS
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AR SCARE J7 12 R R 5 SEAR S % SR ] 1 5% R I8 AY T TG 75 J9vE SEAR AR & B J& I sk 28 8L, L 7E il
TE N KRARES FHATARERGEL, 980 TR SRS R R R R IR . FEN, T ME iz~
[EAF/E B B O R M, B SR Ar BAS B A SEARE R R IALE . BEAh, AR TAEGehriE i A
WIKZ T 2H#ZE T NER Al RC AN FAESS IR R, AR ST VAR SEARAI OC RAT [P AR, 18 T bl
FAR
2.2. HHEREL

Zheng 5 N[ 718G Sl VS G S5 BRI — NSk R 2 5 — MR = o, AT 7 2% 1S b i %<
TR, F AN REEZ R, SOt 1 S TTHECEL -

1) HRHE AR FHE BT A B S, BUSEAR SR — AT 98 R ANE R SR S R KA, R
W — AT B AR AR R SR = o A &

2) % BRI DU IR AT OC R AL, AR 5% SR PR B Bl (R SAdc,  SHe 0 DR 9 S AR 119 20 3 28 1) =
WAL E R BT ETUE LR RKA, HRFE NS — AR =04,

3) RAKANTIE LI 12 Fho R, SEARTE = o AL E SRR BFR S e, M ERZEN 1
AR K Be 5 AL B AR N 2 B SHARILRL .

4) SLARNTULEC I FE A TT i, BRSO 1 Sk R aem R ULES, AL B ARy 2 1Sk H e Tm
ULHC, &4 1 JoRE s UL e.

DL AR R VEIE R 2 NFET:, BEESFIRIE 154.7 JTigt. ” RN, it AR N NP,
ZHE R RAREARZE N EL (Economic_Loss, EL). TSGR ML 1 XS 1A T 7%, ME, 1), 2 A,
NP, 2)f(154.7 JiJt, EL, 2)=ASEfR. X FIX =ANSER, B2 sLik “ sk Ty a5 AR 2
2 N7, TR R RER AN ME. NP, SEARALE 2508 1. 2, SAFFAMN, A=
TCHOARE T, T NG 2 N)s #8658, 994k “154.7 Fion” mAT &R Bk “2 N7, ZF sk
IR BRI 2, WOARDLES, Ak2Em al &k, e Sifk “154.7 Jion” Ml B sek “ i spiA T
w7, ZEBIKRRENSHA ME. EL, SUEMES N 1. 2, Al =c AR %, S5k,
154.7 JiJt).

3. BILSTM-Attention-CRF $&3!
3.1. MRS

BiLSTM-Attention-CRF #%! i 7 #t A\ JZ. BiLSTM JZ. Attention J2H1 CRF 241 R %N & 44
MFRFR N 3 SO T, PGS FINE O/ &, JREN BILSTM EfA . Fi&E
BEN BILSTM JZ, FF 5 N R NI BURFE, 28 B UE B SCARF I RIE, W HAESHE
J& . PR R SR W R N T SRR AL CRF J2. CRF JZ WA 7275 RS R R, B
HE SRR, sz 15 B i A AR

W28 SR an € 2 Fos .

3.2. Embedding &

R (36 N R 2 R V) 70 I SCARE %1, Embedding J2 AR F SO 72 971 26 7 [ 5 45 15 14 1)
i, ARSCEFHFVIZRE) Word2vece 1] [ EAY ATt . 18] 2 FTLAE H, A SCH) BiLSTM-Attention-CRF
BARLEL T 45 ) B FEHBT R SO, SR RIK B BA A R R HE A EE B AL, =R
0% S B 1t S b i 9 T SEAA (R S R AIE o AR U A 2 ) BB AT B Word2vec ] A R OR, )
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JRREIR T AT ERS T, BT XA n AT WA AR R IE W RN A
X =(x,x,,x,), Hix eR?, d2FFF embedding [FI4EFE .

o O B-NP-2 E-NP-2 0 o CRFE
t t t t t t
Attention ] Attention 2

£ T 3O AE

JGHLSTM

BTELSTM

| Embedding | Bmbedding®

[ L
B R 2 A T ¥

Figure 2. BILSTM-Attention-CRF model
[& 2. BiLSTM-Attention-CRF =&Y

3.3. BILSTM &

Tadhrh e M2 A A2 RE 7T, B I PP AR S & TR . PSS I P 08l A A 8]
ARSI LSTM MHZE3E T RNN 1 7 RUREEE, I T T IR HL R il 4oh 20 0 26 rh 35 B RO AR R E L
LSTM AHIAIT. Fth A 13E 3 DMTHE I, HrP A 18] 2 A 201045 B4 A S1C 1240 1
e, BSTTRE T B ZIRPIRESE B EFF ML), e chf 12 ] 2 5 4R A A% 1 [9]. LSTM
FEFIT IR LHI MR T RNIN KR 8 ARASURUE P k% il AL, A6 45 224 HITIH 221 ) 00 6 % 76 0 A1) LR S X

FRAE[10] [11]. ASCE% Hong [121%5 N LSTM 2544, JLECHBEAN:

it = tanh(Wxixt + I/Vhiht—l + I/Vcict—l + bz)
f, = tanh(W,.x, + W, h_, +W,C,_ +b,)

XJ

ct = f);ctfl + it tanh(W\'cxt + Vthhtfl + bz‘)
ho™"t

o, =tanh (W, x, + W, h_ +W,C,+b,)

h, = o, tanh(c,)

)
@)
)
4)
)

Her, W LSTM & ICHISBUERE; b, & LSTM M4 I mE 0 Al tanh 30 e8 500 i £ X 2%
MAEZetE . LSTM BAJ7mME, AT RSFH EFXEE, Lample 558 A 13152 HA A KA B 1420 22
2% (Bi-directional LSTM, BiLSTM). il LSTM & x, i L 305 B KR S ESCRHIE A, jp0yng » S5 17 LSTM
% & x, B R SRR 2R SCRHE By o » TRFE DR [h,, P ht’bm.,m,d} » H TR AR AR S5 1

SCAFFAESEHL .
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3.4. Attention &
R EE = 22 Attention J2, 2 EUEH G A Gy 957 S) HEUE BMAE /[ 14]. £&5d BILSTM
Y R Ra 1) B A S E B SURFIE , SR AE PN S AR bR 25 i aX LA AiE (1) B R B AR ], R EURCR IR 22
§= Zai "X (6)
Attention HLHIKE XN HAE x, , SWE o, , S EKRHx,x,, -, x, KA F. Attention 11
AT AIMAE YRR o, s (R TN SR T, ZRAR T 45 0 5y 1] 32 R 1) S AR 31 S ASORST i) A
3.5.CRF &
5 HMM AN[F], CRF BAE G MOI R, FRAERTH 8 RiE, ) 2 NH TR SIAREESS
R A FH I 2 MR SR RE LI, A — AR AR i N B AT B L TN B () SR AR A A [ 15] [16]6
XFTAREFH X =(x,x,,--,x, ) » HXSRARZEY = (3, 0,,-,0, ) » AL FHIFA
P(Y, | X,Y,-. Y .Y, Y,)=P(Y,| X,Y_.Y,,) (7

WP N Z R A E B, A A nxk, n ZoRTFHIKE, k RRREEEHNE, Nl LL
FHVEAE I H S (x,y), B

n n

S(x, y) = szi,yiJrl + B,yi (®)
St x BEOSCARESL, A, JMRAE y WEEE y 098 A, HOGEK AR B S
2 j WIRTRETERUK, B, NHS i DN FRCTINAE y, MREE K7 £

4. SLIf
4.1. NG E

AT 2B B AE 5 18 F python3.7, T pytorch 1.5.0, 384T 7E Intel Core i5. 1.8GHz CPU. 8 GB RAM.,
macOS 10.13 #4F R G55 AR5 .

ARSI PR R B ] b 5T A R ST A 85 M e 8 S R 7 YR SO, A FETE I £ R M v
iy PSR AR, A SCR R E 3550 %105 5 5 HOR 34T S50, 2R AR ARIVE T 5 PR AL BT R
BREEE . B, A, HUmEREG . Hh3EE, ERMEREEWE 1 TR,

Table 1. Geological hazard corpus information

=1 HWRREERERER

R SRR IRk Mk
bEEE 861 689 172
A 850 680 170
A 773 618 155
i T B 712 570 142
5% 354 283 71

ASCEENLIE 10% N GREARVENIAESE, TSN IS, A ORI S50 E
%2 FR:
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Table 2. Model hyperparameters
=2 BENBSH

ZH wE

Tl Y 100

BiLSTM {44414 i 200
BiLSTM K444 2 % 1

Sk 0.01
Batch_size 64
Dropout 0.5

ARG BBk ) = AR TR AR, #ERH 2R (Precision, P). 7 [7] % (recall, R)AlI F {E(F-score, F)%f
TR S5 AT VPN -
TP

Precision = ©)
TP +FP
Recall = TP (10)
TP+FN

2 x Precision x Recall
F-score = — (11)
Precision x Recall

4.2. ¥RFEEAxFEE S0

AT T FFR A 1) BILSTM-Attention-CRF #5274, DL Zheng 55 A\ [ 714 H (A5 v AR RN B¢ 30T 9 25
VEFCJE W VE N baseline, KK 51 NS SCRGEE RN 38604 B AR A5, 6 b 1 AN [R) AR A A R el BURR
W HERE, ScIRgh Rk 3 BioR, wLAEE] 2 M4k

Zheng 5 \[7] P80 L VCEC R N BN — etk A2 5@ — AN aiR =ood, EH R ESOR Fa
PURRKEME SRR A A RO 5C R AT F-score #2581 T 12.1%, HHPESCRIE T
27.3%1 A B2 5E T, B0 T AR SO Rl EUR N R LA TE 78 2 b S S AR 2 T8]— % 22 DU A I D

BT ARG, 3G AL B AR BARR S, KAMEUY F-score IR T 9.3%, HAHE KR
197 9. 1% A BB o BB N AL B A5 Bk RR SR TE = e A AL E R PTAT I, RIS R B 22 I 4%
AT DASE S BN B ARSE

Table 3. Performance comparison of annotation modes

3. tRER R REEL R

. RE RE (Overlapping)
Tk
p R F R
Baseline 0.651 0.311 0.421 0.153
AL RE R 0.632 0.474 0.542 0.426
i B RS 0.822 0.517 0.635 0.517

4.3. {RBIXFEL LIS
AR A5 A AR ONRRAE, JRIX T WK E AT BILSTM-CNN AR FNEL & 27 2] 5 vk ih i)
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LSTM-CRF. BiLSTM-CRF 1 BiLSTM-Attention-CRF A 7% Lhikae . o, FEFIR/KLERI 77 iE KA
fE4511) “BIOES” J7ikbmiE sk, (i BILSTM 4 @ SAARHIDUE A, ULACSe/RxT, FHEH CNN #E#6R
TR BT I 2 21 B SR AN OC R ATV, SR FH AR S S0k AR Am 3 A X A b ORI, ¢ & LSTM-CRF
BiLSTM-CRF #1 BiLSTM-Attention-CRF ¥y 2|3t J7 FI FRiE A A AT X LU 5258, SEIR 45 SR a3k 4 Fik:

Table 4. Performance comparison of models

4. REPMREELER

N i 4 SRR ) KA HEL
et
P R F p R F
BiLSTM-CNN 0.849 0.854 0.851 0.807 0.225 0.352
LSTM-CRF 0.863 0.871 0.867 0.745 0.454 0.564
BiLSTM-CRF 0.856 0.883 0.869 0.784 0.474 0.591
BiLSTM-Attention-CRF 0.878 0.832 0.854 0.822 0.517 0.635

% 4 nTRAf5 3] 2 Mk

1) BiLSTM-Attention-CRF 5% #£ NER 1145 -] F {54 85.4%, < RIMEFATSHI F (AN 63.5%, 1
T HARES AR IS BRI, UESE T T AR SCRERIAA R AN 4 B RIS, TEHLPTR
SCAR B RS AR AT B R AR B AR TR K R T e RS AR SCRARTE AR RS T+ 5T R SR
1R SEAAR G ZR IR i G A 0

2) NHERREARKRE, 5 LSTM-CRF BLAEUAHLL, A BILSTM @740 MY (e % | B3
PTE, JRH AR BILSTM R FIH B FUEE, MRKESE N, =T T AR S5 RIREED .
TEFTA B A B dr, 145 BILSTM-Attention-CRF 57 8345 58 o (O HE R R AN A B3R, 19 3= F
B, Ui BRI R AL ) R 2% 2540 BB A O SR T R, — e FR RS R MR T 30 SRR A 1),
J K SR PR E R N e S AT

4.4. BETUEER 34T

T AR SCHIARVE HEHE , BILSTM-Attention-CRF #5840 32 SLAA 5 %% SR ] ¢ 28 1 T 45 SR 4 5 B
BRI .

Table 5. Prediction results of BILSTM-Attention-CRF model on entities
% 5. BILSTM-Attention-CRF &2 %} STIREI TN £ R

F IR RHKTY P R Fl
BRI 0.951 0.892 0.921
I [ 0.904 0.865 0.884
Hh A 0.895 0.792 0.840
A 0.925 0.907 0.916
R E 0.912 0.834 0.871
i 0.903 0.869 0.886
W 0.873 0.833 0.853
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Continued
[ & 0.863 0.844 0.853
HZ A 0.792 0.723 0.756
P& S=%.3;-1 0.832 0.796 0.814
N3 0.891 0.879 0.885
GV 0.867 0.841 0.854
IR 0.811 0.744 0.776

o, MR GCE A, WA, RO SRRV B B R F A, T 90%, (i
SR VA G S T 45 SR AR TP 7K, B IS4 31 75.6%F1 77.6%.

O SCATE M, R, 825 S BAT o (i B s 5 SR AL AR, R “mis” |« R
fEf) “ZRRVAR” S, LR IR AE (S AR T SR MR o T R e R i b o 2,
Wi + BT L B+ IR + ORI + A S, SIAKEMEE . BGHIGN A E LR
F T M0 7 5 S 9 1 G 1 22 R AL  SCAR KRR 22 K IR T VAN G —, SR BN, T AR
“RFBRF T RS R LR . OSTRMIE TR AR . RORR SR 2 S . ik
AT, i T R R PR A b 7 R B R 1 BRI 3, AR A T RO i R, B S
HRRBLE S B HERN BN ES, o T80k, REBLRRFERIGEELR, Hhag—
MRS, AE SRR AR AT LA A, 02 L3R Bk 7 v B M ) o, R R R <
FSEAETRERE 7 B PR IRt B SR .

BEAh, A SCHURAE A TARESRAS . ST RSO IRAE TS I ARE S A EL T B 45 R, iX
S T AR 7 VR BT A 15 2 4 P AR B 9 0 R R
5. &5i8

AL TH] 17 57 5 SCARFNR = o AT 55, ARiE 7 HB BT R SOA, RAR 1R E R R Bk
HOEE T Ok R AFRERIE, G0 T A BARSS, AR ITEER, ATV RE S B R T S
KAMH B, ] BILSTM-Attention-CRF 5 4Y, Keh 5t 9 F SCASEAAR I F LAl HUE A Dy i 3] 3 1) 1
YIBREFEAESS, R JINLGIA g S TR AE R . SCIRR B, RSO TVEAE R K FE SR L,
NER [f] F-score IA%] T 85.4%, KZRIMHUK F-score [HIEE] T 63.6%. HT X RIS HHAL, ~—
B TARR I TR BE 5 ) S EAR 255 1 = Je A U7

E&WE

I ARA R THRITUE (2020B1010010010, 2019B101001021);
IR BRI ST H (2019A1515010700)
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