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AT A ALBERT JZ , i i+ ALBERT JZ 89 # I Zk i
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transformer transformer

transformer transformer

Ei E:

transformer transformer

transformer transformer

E3 ..... E4

&l 1 ALBERT—BiLSTM—CRF 1% %I &
Fig. 1 ALBERT—BIiLSTM—CRF model diagram

BERT #5245 — > JC B A TN A 28 | T
Transformer FXL[H) 4 i #% ( Liu Hao et al. , 2022),
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IRZIERFIR &k ([ CLS]) , iR # s — 4~ 3]

RFE—F, BERT BRI iy A 53 g = A48,
Ba it A N BT el [ =i S LK A = 1 = i N 1 = =
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Table 2 Data set annotation examples

R B il W &2 A ] N 4 Jik

FriE | B-MIN I-MIN E-MIN 0 0 0 0 0 0 0
1Ek R , ] e N , ~ ¥ 2] I3
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R i T ir £ i > * * T
bRl 0 0 B-ROC E-ROC 0 0 B-ROC E-ROC 0 0
R fL # ra il [ & 2] #h H
AR | B-MIN I-MIN E-MIN 0 B-MIN E-MIN 0 0 0 0
R B il - It A {63 I 1t =3 o
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transformer transformer transformer

transformer transformer transformer

CREZ

B-STR I-STR I-STR I-STR E-STR
BiLSTM/JZ — — -

| L
LSTM_I I LSTM I I LSTM I I LSTM I I LSTM I LSTMJ
| LSTM I { LSTM II —i LSTM I I LSTM I I LSTM I { LSTM }

ALBERT/Z

Ei E: Es E

transformer

transformer

transformer

transformer

A ==
s | H |

mE

| 1‘\"7,| |E¥ I

2 BERT A4 [4]
Figure2 BERT model diagram

55 WS BEAS 2] T K R A 4R T

ASCAd A ALBERT #5278 34 Wy 4] % v () B — >
AR IR AR A YRR 7R
— B[R] R — AR AT A5 3 SE AR5
4.2 BiLSTM &

LSTM J& RNN f§ —Fl, {fi 1] LSTM A& %1 7] DL 5
D HbAR R 1 0 K R B RO O R, X 2 i T LSTM
eyl 2N P S S WY R BTt v W = SR ip o 1
{5 K (Schmidhuber et al. , 1997) . LSTM Fi#I 2 ¢

2 AR X, AR C, IR S C
B2 RS h, iBRT] £ 38420 T, , R RS o,
IR

(1) AR A5 Y, LSTM ARt s T al
DIFE— e i i A im0 b — )2 0 RO 2 AR
Ao MA LI RHECIRES b, AT 5 i
A BVEAE o, B, AT RLE I — A 300 pR S 3 35 5]
s Bl f, o HI AR .

f=o(W,« [h_, X1 +b) (1)

(2) BN, HF AR TR YR T8
PERERA  FE A SR — D B
i1 sigmoid VT pRER, i i i, , 55 —ANER 4 A

tanh 0E BRAL, S C L HAFE AR

i, =0(W, - [h,_,,X,] +b,) (2)

C, =tanh(W, « [h,_,,X,] +b.) (3)
(3) TEdEATHG 112 A0, N ST Y A E Z
IR €, HatE AT .

C =f -C_, +i -C, (4)

(4) FeJo VT A 220 % B2 RS K s i
gk, HatE AT .

o,=c(W,  [h_,,X,] +b,) (5)

h, =0, * tanh(C,) (6)

H ) A LSTM M 1) () LSTM #H 45 & H
BiLSTM,, 3 A A4) 2 ) 4% 235 4 AT L B 7 (e R 4 B T
SE B 2 T80 AR B RRAE , Heah i B an 151 3
B .
4.3 CRFE

Wi BILSTM J2 )5 , 75 21 1 i Hh 45 B 2o iz
TALGH I A28 B 440, X B8 - BV Sl CRF 2 1Y
B, 28 P 3 v 43 5 e e 14 2 3 RIS ) i % 2
o BEIMA CRF )2, & NFE BILSTM JZ Al % 7
S R SCfE BT BT, O R A AR O
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o A9 Transformer 1] DL 2004/ HE
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fiir 45 SARTFONAT: 55 (A 245 3]
TR BE AR T HUCR J
BiLSTM ixX — 5 84 A L 5 4
PR 35 K R s 2 ] ) A DG

=

A 2ol i fi ] CRF JZ, v
DA A P — A PR 2 24
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@—

[ 3 BiLSTM #5571 [
Fig. 3 BiLSTM model diagram
TR 5 (45 4, {0 BILSTM #5570 K J6 vk % 18 3] ¥
F 2 A BRI SC 28, Wi CRF JZ, AT Lk d5e i i
BRI —Se 2 4514, I HLARUERR 2 1) B i i
ER AU SR

(1) —DTAREFF LI LLB-" F“ 07 FFHR 1
MaE“1-"

(2) #5%% “B-labell, I-label2, ---, E-label3” 1,
labell,label2, label3 Ji 1% J& F[F]— S S, 765 A0
FENAREAR TS

(3) ARLPRZE T 51 HAE A “ O B-label”, 1 “ O
I-label” W J& 3R #51

CRF 5 rp A S RRAE BR AL, 3501 A IR S R AE
PRIBURN G RS R AE PR, RSB AF bR BSOS mir s
S BIREAN A B RS BRI B AR E 2
LA SRS S B GOR . BEE
FRLICAHE CRF, BIY 7 SUAF—AURRIF R AT, 25
B ANFEIE PR £ T — A A, AT LARI AR
(A€ S S Rty e & =37 v (1l

score(l] s) = 2 zn ]/\fj(s,i,li,li-l) (7)
j=1 T

Hop s RE—AAITF, 1 WETFRTERT, Ri5
A PIASKAN, SN Z R AR R B — A Ak b K
Sf; VRO ELA AN, HL T A SR A RSR 1 R A B
R AR LI AT, X XA RO A TR B R
e, BRI AR BIAREE P81 1 BIBERAE p(1] ) Kk
BT

plls) =

exp [score(l] s) ]

Z €Xp [score(l 1 s) ]
S0 % ) ALBERT—BIiLSTM—CRF X #b 5t 45

(8)

WRFR, e A e HEA3 03 e e 1Y
PP AR fe & i R 45 2R

5 SRS

5.1 iBRERE

ST R FH B TE AL R H
AT R AR TRT [ M5 45088l i 4 SRR R . %R
R AL F VO3 LS 5 SCAR , 43901 R 3 22 AR b I
ety AR T B T b BRI A D
SR REAR R R X SR A ERE AL S AT 6
JESAR ML B ARAR ML A M2 A
45, RN E BRG] T 10803 41, B AR SE
RFH 100106 F, AE SR %L 598406, 6 KK A
WEH I 3 Fis,

SEHGHEFE IR 8. 1.1 1 LU B RLEE R A R I
BB UE 4L W 4R, JF R AR S 0 B OR
(Precision, P) . [0 ( Recall,R) 1 F1 {H ( F1) 1E
FPER AR

R 3 LEHESIT

Table 3 Statistics of the number of entities

oA K itk
HFAEAR (GTM) 1864 7.99%
Hb T 3 (GST) 1359 5.82%
H1JZ (STR) 3016 12.92%
#A(ROC) 9827 42.09%
W4 (MIN) 4924 21.09%
Hi 5 (PLA) 2355 10. 09%

5.2 XWRSHIEE

SIS X #E A ALBERT—BILSTM—CRF 2 %%
BT R4PIR,

F T b BT 1R PR SCAS I AR IR, 228 LR R )
TR B 8 B K AR P S Ry 2565 % T
ALBERT—BILSTM—CRF #& %I It fk #% ¥ & M
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Adam , 5 & Batch size } 16, ZAIRECH 20 K ; AT
B 1k L5 BRI Dropout I &S50k 0. 1,

RA4BASHILE
Table 4 Model parameters setting
ZHA ZHUH
MAX_SEQ_LEN 256
Batch_size 16
Epoch 20
Dropout 0.1
Optimizer Adam
BiLSTM_Units 128

T B UE ALBERT—BIiLSTM—CRF #5558 (1) 4
ROPE , FE A b T vE R B SE R 1 B T 6 41X
LS g, {9 A AL 4 4% T ALBERT—BILSTM
BiLSTM—CRF , BiLSTM—Attention—CRF ., BERT—
BiLSTM—CRF . IDCNN . IDCNN_v2, ¥ iy 44 52441
S DA
5.3 LIER
5.3.1 AEZMEELWERLE

ALBERT—BILSTM—CRF 5 ALBERT—BiLSTM
BRI A5 N3 5 R,

% 5 ALBERT—BIiLSTM—CRF #£&/ LI 45 R
Table 5 Experimental results of
ALBERT—BIiLSTM—CRF model

ALBERT—BiIiLSTM—CRF ALBERT—BILSTM
S
P(%) | R(%) |F1(%) | P(%) | R(%) |F1 (%)
GTM 81.82 | 68.94 | 74.83 | 59.68 | 64.26 | 61.89
GST 88.57 | 56.36 | 68.89 | 55.63 | 47.88 | 51.47
STR 80.00 | 69.27 | 74.25 | 64.44 | 64.80 | 64.62
ROC 76.68 | 72.79 | 74.68 | 62.12 | 65.27 | 63.66
MIN 79.22 | 81.64 | 80.41 | 68.41 | 76.87 | 72.39
PLA 65.88 | 69.14 | 67.47 | 36.36 | 54.32 | 43.56
Average| 78.64 | 74.03 | 76.27 | 62.78 | 67.76 | 65.17

MFE 5 AT LLE 7 b SR TR Y
ALBERT—BILSTM—CRF # % F1 {H ik 2| T 76.
27% , W] % = T ALBERT—BILSTM # AU () 65. 17% ,
X T CRF 2 1] LUK i — 26 24 5 51 f S 19 Fi
B2 AHARAE TR T Ak b | DT 3 58 A S A5 760 T 45
SEUERAPE . 0T 25> SEAAR 8 T 45 2R ok Uk, 5 )
FEAYSLAR (MIN ) F50I0 o0 B2 e s, F1 (IR 3 T 80.
41% X2 o P 2 SR g 8 & | i HL iR A
B2 R EA RN, flinc BabE g S B
b M 44 SR (PLA) T 45 SR eI, EPIELAY F1{E

EHA, U CRF 2 XHERLEE R A X 2 4% 1) 3t 44
2R A BT AT AOR 5 oAt S A2 45 b B AEAR
(GTM) HbJFi#3E (GST) Hh)Z (STR) .54 (ROC)
F1AES , SRR E IR BIRCR BN AR
5.3.2 FERBEMEEELE

6 MK 7 4y HHR T LI B AL BERT
TIYINZRAY  2H S5 55 1 T AN [RIBE TR () 255 % Lh 2
B, BRI R AR SOOI AE PR A 5256 T RS % L
WA F1H =07 400 T H oo L SE e s Al B
AR ZEETONECR

S — TN GBI R S8 5% F T, Br 4 e
BT 247 5L F Bl AL 4R A6 19 - a] &, BILSTM—CRF
PRI B S 45 S48 22 ) F1 8 AR 60. 11%, H
P 3 A E T AV ] T BILSTM AE N F AP R-IE
PEIERTC W T A5 Gt 44 SEAR AT 5 I 5 1) Pk
FRIESRERE AL, S BORBIRCR B 2, i,
IDCNN BRI F1AHWAUA 62. 84% , L5 R ISR
WA f; 7+, 5 BILSTM—CRF £ % #f [,
BiLSTM—Attention—CRF # %1 1§ 1F i R #2 7+ 1.
12% , 43 [ R42TF 3. 93% , F1 {HWARTF 3. 14%,

6 TR GEBEMH T ARRENIT LK ER
Table 6 Comparative experimental results of

different models without pre-training model

A P(%) | R(%) | F1(%)

IDCNN 63.30 63.98 62. 84
IDCNN_v2 68. 30 61.33 64.33
BiLSTM—Attention—CRF 60. 50 62.08 60. 11
BiLSTM—CRF 59.38 58.15 56.97
ALBERT—BIiLSTM—CRF | 78. 64 74.03 76.27

F 7T RNGEBEEGTARRE NI L LRER
Table 7 Comparative experimental results of different

models based on pre-training model conditions

HEE Y P(%) | R(%) | F1(%)
BERT—Trans—CRF 70.11 | 70.09 | 70.10
BERT—CNN—CRF 71.19 | 71.21 | 71.20

BERT—BiLSTM—CRF 73.21 | 73.05 | 73.13
BERT—CNN—BIiLSTM—CRF | 72.99 | 72.18 | 72.58
Lattice—LSTM—CRF 71.98 | 71.77 | 71.87
ALBERT—BILSTM—CRF | 78.64 | 74.03 | 76.27

IEMASCE 3 R R T & R &l A
LIS, M5 45U iy 24 SR A HAT B A7 2 XL
PR E AR G DL R T ) SRR AR R L, S A
ALBERT F1 BiLSTM FE £ HRUGE J7 B9 A SCH7 Ik RE %
(] 47 R < IR 2 0 ) PR R AR AR AR T BILSTM—
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Attention—CRF A7 | X Hb 512 56 45 S (7% 1F 1 % 42 T
T 19.26%, 4 W4T+ T 15. 8%, F1 {HIETH T
19. 3% B T 4650 — 41 2 50 A4 N I 25 5 fe iR

5 TSGR BERT Fp SCHUI 245 AL 4y A
O AT WS R ) i, I [ BERT FLHeS 4k, %
TR U RL AT SO . AnER T BRI LR 45
W], BERT FII 2 A7 (g 51 AN BIr A SE 56 % 1o
BRI PR BE 34 A B KA THE A, 5 — 2 S g v
SR 22 11 Trans—CRF AR 5] F1{H 35 3] 70.
1%, CNN—CRF #HAY F1EAETHE 71. 2%, A
P Y ALBERT—BILSTM—CREF #5571 1 45 51 1F i
RIETHE 78. 64% , 13 PIRPETH 2 74.03% , F1 {H K
76.27% , i F Lattice—LSTM—CRF £ 7 F1 {f 4.
4% AR EA SCIMNRAE T B 25 A AR .
5.3.3 EfHIoH

538 FH S5l 44 S T RL PR AR L, AR S
P e ) TR 1] b 2 S5 A 44 SRR R AT — 2
FEER AR A5, (A5 52 56 25 SR AH Bb 3 FH ki 44 512
RPONMER RIS e —E 2 (IR 8 in) ., B
REERANR

(1) 7E b 2% Gk A 1] 2 b T 4 25 SCAS v 44
KK B2, e Je 35 B < g & ki R -6
TR PR 45 i A AR (N AR
Hf) k) th 248 N2 M LG 24
LA 44 ), AR AR H A 2 B A L L 38R )
2 e deat BB FILR B BILSTM BEWS 5T
TR FHR) 2R 003 SCRRAE , T AE AR M R RE AR 7 1

PAREL, JCEA A BRSO A R H AR
PSR 2B e A R 6 B BT, I LA ] — A
TR CN R H AR BN ZRBOR il RE ST 4 — 2

(2) AR T Bl i, (N R E ) A A Se ikl
U ANWTE , A A TR AR RSO R T
SR AR R IR, HLAF A R T A U7 5
SERAR AR S 2 AT AL R] REXS 10 5405 B 4l
WA S8 | S BRAN W1 A T2 M i A 20528

(3) Ml o v A SE AR A AE SR 44 R, B
TE— S AL I — NS, A, < = Ak
RAaaswhs” X—f—praaSikhasa o
LAY R TH PSR X B B A 4 SRR
Bl RE 2 A R RER

(4) Mo 5 AR 245 Bk E o R b AT Rk,
ERSUEEARARET . fF NER AL55 1, Se iUl
ARKAEEE AT R SCfE B IRk = 1R 30fF
B S SR B P A OO R] TR AR R L
B AU IR S X 3 BT SCAS i S Kk
SefA, Jf B & ) SE e 25 R AR BIKB] T 75% LA
s

6 4k

HERBH AT C 2Pt A T REAEIAC, 7E LR
BAE IR A 2R PUREA U M ERRE 2 R B AH O
(A BRE 5 07 1k 00 iR 5 35 5 9 g, S A
SR P TE AR PR A R A RS 2 H AT
o= RIS A A T B R e S R PR BRA T
M5 i 44 SR AR PRt 2 TR 1 R A 0 R

R 8 MR SEA IR A MER 25 R
Table 8 Extraction Results of Geological NER

CFS

NRIEHHES LS eS|

PAE R LR AR, B2 ok S b
HRARL AT BERD RPN (R 25 R SRR

(1) BZRZ(STR)
(2) "RLABLRPA (ROC)
(3) AR AT A9 4 (ROC)

(1) A% (MIN)
(2) % (ROC)

W LA EBORM T, £ 5 XS T ST LA S —
WRgAE I 0 2 5 Y B R £ i =& e
LERRIIE

(1) FE == (cT™)
(2) EEimgHi LB (STR)

(1) Hif = St b s 1
(GTM)

Mg TRHA e g —HFLBEAIL, BRI

(1) EHAGR s—dmH L HIRIL
A7, HE TR FRZ) 1 200 km? (PLA)

(1) EHEHEE S (PLA)
(2) HHLEEAAL(PLA)

PR I A TE T O b f i B B, AR AR 1 1 D0
FEREKILE 5 2 [ R R E )

(1) INK# (ROC)
(2) FAYH(CTM)

(1) WA NK A (ROC)
(2) L 2 ) 55 B ok 1A

(3) MSER#EK LA (ROC) (ROC)
JREN 3 = 4k K
FOARIEAT LAPE RS A KA R G 2R A AR | (1) KGR 2K G G # (13*#%5\7}&/\@14:}2 i
oy AR (ROC)

i (ROC)

(2) A% (MIN)
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1E LR BARME S KN T, % Hh 2 S S Al
WM, EH SR T — M T ALBERT—
BiLSTM—CREF #5054 (1) b 5 53k ey 44 S AU O 7%
ZH R ALBERT X A 45 1 SCREE#E4T
AR TR BILSTM % kA7 — 20 BT SCRHIE
AL, BeJr R CRF SCIAR T 9 000, 5250 45 21
T TR AR BB AR b %O R RENE A RO R b
AR LA 2 A U LA TR S A
T AR, A AR MR

FEARR 5T TAE | AR SO 75 AL 1 50 52
3 M EE TERLE , WIS R AN [R)RE R T B Hb JB
SRR, L BB T 22 1) 45U 2 56 TR K
ZVFEIRIR , P — 2 P TSl 44 SR PERE

Mt & / appendix

ALBERT—A lightweight pre-training model / % 2% Tl A% 7Y

BERT—Bidirectional Encoder Representations for Transformers / Tl %k
i

BiLSTM—Bi-directional long and short-term memory network / X% [i1] K 55
[ pTRRvATIEAS

CRF—Conditional random field / ZKEHL%

NER—Named entity recognition / iy 44 A F 51
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Chinese named entity recognition for regional geological survey text

QIU Qinjun'*’ | TIAN Miao™* , MA Kai**, XIE Zhong'* ,JIN Xiangguo” , DUAN Yuxi’’, TAO Liufeng"”
1) School of Computer Science, China University of Geosciences, Wuhan 430074
2) National Local Joint Engineering Laboratory of Geographic Information System, Wuhan 430074 ;
3) Hubei Key Laboratory of Intelligent Vision Based Monitoring for Hydroelectric Engineering,
China Three Gorges University, Yichang 443002, Hubei;
4) College of Computer and Information Technology, China Three Gorges University, Yichang 443002, Hubei;
5) National Engineering Research Center for Geographic Information System, Wuhan 430074

Abstract; As one of the most important data sources in the field of geological survey in China, geological
survey texts contain a wealth of geological knowledge and descriptions of geological bodies and other key
information, and accurate and effective extraction of geological entities in this field can provide the basis for
geological knowledge graph and knowledge inference. In this paper, based on the description of the geological
named entity recognition task, it is analysed that geological entities contain a large number of terminologies along

with domain characteristics such as entity nesting and a large number of long entities, which further increase the
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difficulty of geological named entity recognition. A lightweight pre-training model ( ALBERT) — bi-directional long
and short-term memory network ( BiILSTM) — conditional random field ( CRF) model is proposed for geological
named entity recognition. Firstly, ALBERT is used to model the contextual features of the input characters, and
BiL.STM is used to further characterize the contextual features, and finally CRF is used to achieve annotated
sequence prediction. The experimental results show that the proposed method has superior extraction performance
than the mainstream named entity recognition model algorithms on the constructed geological named entity
recognition datasets, and the proposed named entity recognition model can provide reference for domain entity
recognition, as well as provide powerful methodological support for entity relationship extraction and geological
knowledge graph construction in the geoscience domain.

Keywords : Geological named entity recognition; ALBERT pre-trained models; knowledge graph; regional
geological survey
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