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Abstract

With the rapid population growth and rapid economic development,
global crises such as climate change and resource depletion are deepening,
and people are paying more and more attention to sustainable development
in the social, economic, and ecological fields. In particular, the research on
sustainable development in the natural ecological environment has always
been a hot topic in academic research. At the same time, as an important
ecological security barrier and important water source in western China,
the sustainable development of the Qilian Mountains is crucial for the
construction of ecological civilization in western China and even the whole
country. Currently, due to changes in climate environment and the impact
of human activities, the Qilian Mountains are facing increasingly serious
environmental problems and sustainable development challenges. It has
become an important and urgent task to systematically summarize and
study the current situation of sustainable development in the Qilian
Mountains. The rapid development of natural language processing and
deep learning technology provides a new direction for researching and
processing sustainable development information in the Qilian Mountains,
and the emergence of knowledge graphs also provides intuitive and
effective tools for related ecological environment academic research and
sustainable development fields. Therefore, this article uses the idea of
knowledge graphs to construct a knowledge graph of sustainable
development in the Qilian Mountains, providing important support for
intelligent research, knowledge question answering, knowledge reasoning,
etc. in sustainable development of the Qilian Mountains. The main
contents of this article are as follows:

(1) Establish a sustainable development information dataset for the

Qilian Mountains. Using the Chinese journal articles published in the
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CNKI database as the main data source, retrieve and process the relevant
information literature on sustainable development in the Qilian Mountains,
establish an original data set for the analysis of research hotspots in
sustainable development literature in the Qilian Mountains, and label the
text data after determining the entity types and relationship types. Finally,
convert the text into a specific format to complete the creation of labeled
data sets. The labeled data set contains six types of entities and six types of
relationships, providing data support for the subsequent construction of a
knowledge graph.

(2) A lightweight model of ALBERT-BILSTM-Attention-CRF with
attention mechanism is proposed. The model introduces the attention layer
behind the feature extraction layer BiLSTM, which solves the problems of
BiLSTM model. At the same time, the lightweight ALBERT layer enables
the model to achieve better performance with less parameters in the case
of relatively small scale of the named entity corpus in this paper. Compared
with other named entity recognition models, the accuracy of the proposed
model The F1 value has a higher increase, which proves the effectiveness
and feasibility of the model.

(3) Construct a knowledge graph for sustainable development in the
Qilian Mountains. Using the determined entity types and relationship types,
perform entity recognition through the ALBERT-BILSTM-Attention-CRF
model. Based on the extracted entity features, complete entity relationship
extraction based on rule templates, construct a <entity, relationship, entity>
triplet, and finally use the Neo4j graph database to store and visualize the

knowledge graph.

Keywords: Qilian Mountains; sustainable development; knowledge

graph; entity recognition
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CRF#E#

Y

A

KE 5 b

AR 1L AT 5 A F R
FYEAHESL

I Ly AT B A R SR R
FEREX

AN ERE LA 5 T AL
% T-CiteSpaceffI A 111 7 ¥

Y

A

> R R R S 1A

A

A

B &SRR B
| AR SR A B AR T 5 A
" W
> TAR 4
> B4 RE
> TFRE

B 1.1 WXXHREW

1.4 KENG

AN EESERR TR ST AU SR, TR A T T R R SRR AN AR
L AT R R R I ST BILIR DA SRR R i S BUIR S e m /vl 7 E BT FE A AT
WICHRAEE ), ARSI — DT EE 1 24t



SN 2 T R DAT'S AR L AT RS R AR S A T

2 BXREBRERARMR

AN B GRR B AR R A B AR SCEIR ANEOR, Bl TR
TR A ORIt A7 07 3, ORI R P 1 ey S 3 A v ) i 44 S AR ARl AT
KRR A IEARBATHIE, 5/ AAER I RE T 7 2 B PRS2 ) L Al
LM 2R

2.1 MREE RS FERNE

2.1.1 "R EE @R

SR S R A £ D7 R R B A AW R BT A R R 7. BT
TRFNE S N EIRE S 8 S AR S HER A, PRSI B AR o %
77 20 R — LS A (R 5 A6 A R A D R R VR, I EL X s o o 2
SR A, b T i FE /N IR A e U P A R A S P ATk e
o b o T, B SRS R R B e g g7 20, X7 iR B AL AR 2
HARE S BRI, EHREIRE B SR, KR, JBIESEER, BE
S R R R A5 B B 248 R B Pl — A S BRI R T

ORI (b o R B T B AR A A5 S KRR A AR AR
PUANBY B o A B SRR 2 AR SCHU . BURT A TF I . b i3t 45 U 1
IRBCCARHE, SN ). ARG B SR AT HIR B 508 58
O AR 1o i 4 S TR AN SR G 2R Pl BB AR DAL B G PR B0 rh B SR
Ja 1 DA R S AA TR PR AH LG s R RE IS RLYE AL B [FISRVR I iR, R3S
WEIR G, TN HHTES, DIEBRSHAE L, Hindtss seik T fe g 2l
15, FEAVREE RRIE ARV R T 2N A R SRS SR I R A B AT 1 =
Joi “SEAR-SC RS, iEIT Neodj S MR FEHEAT ORAF . R iR
2.1 fiow.
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| EEREL Hods Pk ¥ s bRyt |
. T J
r |
I SE SEARH 5 ¢ Y |
. T J
r |
| ERE S YRR fE SEAR Y B; |
. T J
r |
| R B | | LR |
. _ J

2.1 FHREEERREE

2.1.2 R ELEEEELA

KRR A7 A% 7 N AT RDF f76 A Neodj 25 IR a7 it . R URRlR
HE4E (Resource Description Framework, RDF)M2E Tk /X 4% 2 I W3C Hrite,
RDF 774K B4 DL = 644 <Subject, Predicate, Object> (X472, W=
TCALHEIR TR 2 W) BRIk o B P DL o Y B R 9 B AR L A AR 58 R B
e, BT SCRrArfs s b AeEREER DR 2 oh, e KRR < MR
HKZRIHT, EIHHEE Neodj »2& B AT N IRAT AR BHEfA 6 T A .

Neodjt*3lj&—Fft t Java 2 215 5 R SEIL I HFE AR ¢ 2 84 BIHUR 22, T 2007
SEIESURAT, BR T SCHF Java W F KT SKR, 60T DUE s N AESKSN py2neo AT
Python i& 5 ITT K . Neodj IMEAE 2 L 108 1 EIEAR KAEa, X T AR e
RIS . RIS R R S R A TR TR, Neodj e 8 fif 57
W HIFEIR 2 2% B SEAR ) 2R 2R

£ Neodj Bl 1 e {8 F] Cypher 18 & HList A 201 2 ) K0 iR B 1)
FHIAS S, H AT A4 SR 45 F P e 8 SE A4 . UL B HEAT 20 B S5 Ak 2

11
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2.2 EAEHFIRFKAR

i 4 SRR il 3 A (Named Entity Recognition, NER)J 213 Sl B FE ) — &6
5y, FARS RV H SR T B R E BN Sk, A4, e, I, ©F
A, FE A SRR S T, BOR BUUME T RO S T, 2 JE A
TGN 2 T7E R, Bn BB TR L5 ST BRI IRHUR Je 3 i 1) B TR
5 > Y SE R A SEAR VR AT S5 K T7 1

2.2.1 EFHMFNARETSE

ST R ] B T V0 i 44 SR ) B L B AR BOR [, R
B E ER AT IIE F 2R, R E SUR I RFEREAT 08, N L e E 1%
ARSI o AELRE KA 77 325 4k LLIE A% 21 531 X 45U, X6F 3807 ) A = 2 0 ) o R
JUJUAS 224 ] i PR RN A BRI, TR £ D7 v T LA SR A (R ROR 1T B A S A
RN, SERBORERE S, T KR A SR AR B R RCR, = E IR 2%
PR DRSS ) LB, S agft Y A DK PRI TR AN g ML R sk b VB IR e T
Z AT K

222 ETFHBREINGZE

£ 20 AR BEE NS = IR e, AEGHLE 2] 7 06 HLAE iy 44 Se 4K
PWRMES T o T FEAT IR iy 24 SRR S5 0% — R P AR AR S5, 2R
HISEARE VR R ERACIbRE R &, A, BT SRS B AERE
i 24 AR SRR IR IS AR e, PR PRI SR SEAR SO B 3, I 43R5
FH T TR AL 3 1) i 44 S AR LR o B TR Gl 3 5 I ik s A E 2T SCHF
A =ML A (Support Vector Machine, SVM) 7, £ K Ag#5 % (Maximum Entropy
ME) 8, & /RAT KA (Hidden Markov Model, HMM) P14 {4 B b7 f
A1 (Conditional Random Field, CRF) BY, 7Eix#k7iykdt, SVM AL SCA T
BHATIZE AR, JUWTSEAR B AIAA T o SRIM, IX Rl 5 VA0 SCAR 8 SUE B
PER PAPE— B R PR, BRUTE SRR 7 TR AN . ME BORLZE ¥evt B E

12
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K, HABGRIEETEIRS, ERIZRB T RN, RN R5HE
JFAR IR . HMM B {8 v 4 1 (15 A IR 2 AR — 2 RIRAS, Bse 2 i i
REIARAS RIS 2 PIRAS o 383 [F] 0 B R RS M IMPR S >, A Rt
BTSRRI FIE R, ERUIZRF SR RE B ME AR R B A
b, 2 HMM B SRR VEAT £ 52 . CRE ARASSTAE 1 Rt 2R m] R
PIAMBCBE, BENS BN Ax T P 1 SO 1 A RS IS AT 25 bt e sS4
P R R R SRS I RN BT CRIF ALY (¥4 M B BT, AT 22 201 Ayl
SRR Ay, IR ISR N

223 ETREZEINGZE

BEA THEALE IR T, R SRR IR R e, D ICE AT 6K
R JE 57 SR S 3 i 44 SRR RIS b o AHAC T B T AL AR ST D7, R E
MTPEATENTIRBUFAE, 172 8 IR B o SRR [ 3 58 AR S B, 2%
AFRIAT 55« AE A 40 SSARPUIAT S5, T TR BE 2 SRR A 6 AR 48 X 4%
(Convolutional Neural Network, CNN) B2 fiF 3£ s 2 % 2% (Recurrent Neural
Network, RNN)B3, K4G2 124 (Long Short-Term Memory, LSTM) BT
Transformer BLAYEE . X LEARRY B0 A R iy 24 SEAA,  FRLEAS [R] I UERT 1
B HIRAG RIFATERE . KESEIRI, fEdr 4 SRS S, Mg,
TR I =5 2 R AT LA B /D f B Y i A B 0 B RO A 1 A VR 27 > i 44
SEAARR 51 J7 9% A2 3 XU K A 3 12 X 4% (Bidirectional Long Short-Term Memory,
BILSTM) 145 ARl (CRF) )y 4 SEAA R U7 % BILSTM- CRFP, 1
BILSTM-CRF # 2 rr, BILSTM J2 BE 838 1 i ) A1 5 AR A KR SE 4 1 bR 5
5 2 CRF JZBEMS SR IUbRZE 2 8] (¥ Uy (AL 45 2., 5 BILSTM JZ % i1y CRF
JERIERIN AT DA B i 2 SEAAR TN 25 R o (RIS B T3 = UL A B SO )
4B 4 4L, Transformer #5251 F1 BERT Tl 245 Lt T 46 HH BLLE Ay 44 S A4 1)
£S5, BT ARG BRI RCR .

2.3 SLiEXRMEERAR
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15 S B AR i 3 — AN R T 2 S A OR R EUE R (Relation
Extraction, RE) , HH MR IRA SR [8)FrE I8 SR &R, &M “9efk-K
IR XN =0 . RS RENNZFERE, SR/ 7 %0 7
CAABFE ISR, M I T- R il BT 125 % F B BILAE F2 I AR B 2
STHAR MR KR T AN T s

2.3.1 EG AT

S RN (149 75 92 ) i 44 S AR S IIBOR — RS N R Al € SO T4
TR A S AR AR AR AR 15, R S A 5 25 il SRR TR R R
KA, K203 FRUALER (1 SCAS Fr B 3 A RLE S (0 MU A e 4T DL BC T R
111 JE AT SRR R, 555 58 SR O AR R ) B R fR) v 2O
BT fioh S RIS R A7 R R RN 7 1% o 2k i s A R 7 R i BOC R AR N
At i, BRI HCN 1 E B9 78 % SR AEAE (IR TR BE R, 2T IRAF R R ITIA
PABHR] e st g R0 61 s AR AR I AT b AR Ok AR AT IR E o BT
B2, AR E S NI R R £ IS T IR, ERZERKEMA
TRAL R AT AT BE R OC RN, BB CARTE AT o, A A 5k = W R AR
£ 0] Z2 8 EEAIR

FERTARGEHL 2 ST IR SE T, SEAR IR AR Al AP AL B B — A SEAR R R 20 2RI
] XI5 TR ZRATINAREAS, 55 AR RN — R AR
SRR, PRSI N DR AR BT T o T WL S O D5 9wl DA
SR IR 2] SR B A ST TR A ST AT B A 20 D O R Al L ]
MAZ AR AR R BRI AL EE, AR A B AR eI ) SdE 4 A7 B~ 21 5 vk
FEZ AR AMBUL S HIEHE R LRI RAFRIRCR . SR, X — T3 pridiid
FRIRCE MR i » 0 T AN AR 2R o MBS 2 ST T iRAE U R SRR AL
R A PR EIPSERE A NI GREEAS, FREE AW R IEAS 2] 5E sl gk, A
O N TARERE ) 7oK o B S ik e RER AT EA, Hik
FAAER R FEMRI 2R AR it e DL S GAARG R P vl 8 51 NI 7 58 [ 7L I M B 2 >
FEACBE R RARE R R, GBI SRR R B SR &R, ORI ThRIE

14
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HHaPOl, RHECT A IR SR B 2, oM ORI AAE T AR O
RESCAAN T I A 25 Ak B T AT 4 P AR IE B VE AT AT R AR T o SR TIARDRH I 5, e
B S S VR R HERA I A

232 BT REFINHBGE

LSRG IINLES 2 T, FE TR B ST 1 9% R AT vad i K& A il
SR W 25 ok 27 18 SURFIE, TR OB TRMIEIR$%, AT RERS SE AF k47 50 R
THEUESS o PRI, BRI ] AHERS , TR 2 ) I O VR IZ M N SR O 28 il
U TR ITVE

HE TR 57 3T B SRR SR SR AT R, AR SEAA VR AN 5% SRl B A>T 55 5¢
RIS G IBUT, BT 4r AT I WK E TGl VEP, R K 26
7775 2R A CNN A RNN A8, BEAE VR B2 2 S ORI 7 R e, Budk A I
[ 25 AR 5 4 LSTM ATJE T Transformer ) 0[] 4 15 % 7~ ( Bidirectional
Encoding Representation from Transformer, BERT) A4k HI 3, {218 ¢ £ B A
PEREAF BT K3 T, T CNN BRI VA E B R I TAb 3, mT LA 2
BEATR)F B R AR SR A, A A) FRHERE R R RS AT R R 025 CNN
R e 7 N TRAL BE 2 Gt vh SR B RRAE ] i 2 2 SO R AL R IR PR AS RS PERE ) 1]
A, ABSE B RAER R IR T B A R B, WA B SO R BUOR RIS B AR L
Fl. RNN & —Mud H] T AP B s i 2%, BOR 2 SHE R L &% Fif
R RIA) T R4 G B RN IR )T, HE T RNN B B i B &) 7 i
ANRIE A R ) 3R o, I 00U RNINME AN 5 TR 2 ) BRI A AE, K o
TR AL ) B R AN E i KA A5 28] T JURFIE A &, RIEREAT R R 2. B
RNN 805 i 41 20 53] 2 [A] 7 B D6 R RN B IR B 3L, (HR IR 2 IR 2
Hrox SBUL IR BERNERIRR B2 R M ) 8. 9 1 ok RNIN AELERT R L, BF i
i1 RNN FSBERR LSTM N 3 1 SEARSC SR BUTES5 . LSTM REfg iR
Hh 2 ) BRSSO R U i I BB R, AR RIUE S
A B BIFIRER . LSTM Mgh4 CNN. 1R U 25 HAL R (26 R BU;
I C AN R RAMIUE S I R 7% £ T BERT &HIZMEAL T

15
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PRI AR RAE SR I R U 55 R B UG 17 82 1t e TN i 2 i i i K
T M TR R 2 ST B T R 5 R0, NI 213 6 (078 AE S XA
2 N T SRS AR B S5 H , I 38 I el 4 & FLARARE R AT 5% AR 20 SNl
B

FER AL, FKETTEREIE A BT 1 VERE. 281, FEIIZRdAE
H, RIE 77 B8 i 44 AR AN SEAR SR SR AU TR 55 Z T A SRk, W RE S
BUS ORISR, A TURME B, O TR RIZ LG A, BT N SRR T RSl
W TV, g i 44 SR U AN SR G RIS TAESS AT B, DASUIRAS SE 4F
ISR o B il FBURS AL e aod B — A TR [ If Kb B S K o SR, 1205 T LA E
BMARG SO PSR <SR, KR, SER>=JulfF5 R, Sl 1 SeRRAIA
R F I AT 55 8] RS PR SR B AR A RO SeRIL/KZR TR A 1= IR
Vo BRE TR R AR L BRI AN, 72 BT S HOCE AR T
HRE RS IR 59 o WA SEAR AN G 2R IR AR A 0 TP AR, 1 Jim 25 U B4 L =T
N FEAIAT T R i

B ZHOLE U, B RIS AL N i 65 2 S B A T2 55
FRIAHELACH, AW 2 RS S Bt mis A PE e . IR, fASOR g3t
ISR ARG, B AR R AT SRR, ARJE R AR SR ) (1 4h
XY RIS AT EAT OQ AR, fe 28 HH <SR- R R-se k> =Judl . ST
SHCLENTTIR R e R R AR R A5 S A% 3, (B T X SRR A 55 AN
RAMBUEF @8R, WTReR B AML R RIEEE, AR TR
N GA T B3R SRR 5 58 AR AU 55 22 18] A AL, S 17 2k IS 8RS (1 75 1%
[O4], Ik A R AR AE AT 2R I 68— ROARAD 4%, LM SIS 1L = e,
AT SERSAA R T AN 5% F S U 55 2 (8] IR L R &, b — 2D I DA iR AR 18, JF5
R A SHEURIAERR L . SR, 1ZUER R A R = Rk, S8l — MR
FRISER B Al A B35 BN — PR IO

2.4 BXFEESHEMBERAR
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2.4.1 FHFEHIA

%1EBEH13% (Conditional Random Field, CRF) S —Fifif R A, @it
5 SN PP 9 AN AR A% 22 1] 4 2% AR 20 A SRaBEAT TR, 5 T R SRR IAEA TS5
T i A4 SEAR AT S5 R B AR . CRE O G 4 8 TN P A
X =X, Xy oo X b o HEERS BRI SEARRRIE RPINY = {y,, ¥, ¥, } - CRF H] BIO #3
VERR AR G5 AN 2.2 PR, Horh B RN SEARTTAR , | R SR N,
O Xof AR SEAAR AL

EPNERT

& 2.2 CRF iy 43 4k R AR Ay

CRF AR A% 0 2 T SRR R, RIVASS M R A RS R o R AR5
B TFRAER EARZE T BIBEZR AT » 110 52 R R0 B W T AN [ s 26 22 1) R 4t 56
CRF AR IX PR AR BT 55 SCAKT B (0 B R B BRI 30N B AR 28 Fr 412 5 SCA
KBRS 7 A BRI . CRE B BER D AR AL P(y | x) » ZRAFBERISR L
XN

1 . .
P(y[x)= _eXp(Zﬂktk (Vias Vi X 1) + ZMSl (i, x1)) (2.1)
Z(x) iK i
Horpt 2w AR BRI EFFAE R A B P(Y, Yy, Ya,) » XK AFFE BREL,

BRI RO T AT A B b E . S e ETT AR SRR, B

17
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P(Y, | X) s XIRZ AR REL s py P DRFIERR AL . Z (x) VAL A

¥’ Z(x) /Z-\\ﬁy\j'
Z(0) = X exp(Y At (Voo Vo) + D 445, (9,, %, 0) (2.2)

2.4.2 KGR IZ ML

KA 02 M4 (Long Short Term Memory, LSTM) [BSL-F7E3A 14 j1 2%
BEATOUAL,  RERE A RO G b 52V 2R BB B R IE R AL, LSTM 7E RNIN H Aty
IINT — eI, TERRIRE N T = AT L) BT N T TR T
HoA Az A M 4 57 DR A7 — I I ME B, 18T TR R U b — I 2Ok BE 31 24 A i)
ZIM15 B8, N R ST B E Bt A B2 g b, B 1] € 40
I ZTC A2 20 R B S R . LSTM &M 8] 2.3 B

hy
o /// !
fi
it Ot
hea h,
\ /
Xi sg S MR PN B

& 2.3 LSTM 1R 45 &

SRS [ TARER b #R T i g AR % o I sigmoid R AT

BUSHER fr,  f JEEDY 0-1, OREMBE, LAUREMMARY, BEITHARK

&
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f =W [h1,%]+b) (2.3)

Hrp 0 %R sigmoid BREL W, , by RIS THIACE MR E

ul

SN TTEA SR ) hy_y A xS sigmoid  BR K H 35 110435 S L 48
i, FIRIF tanh BRBCHH IR IEAZ I C. . BURIB ISR f i . b

BTN C_g R ART COSEHT A T A ¢ - NI TATN:

I =o(Wilh_q, % ]+1) (2.4)
C. = tanh(W,[h_y, %] +b:) (2.5)
C = f *C., +i *Cy (2.6)

Hrbw,, b 2EATTRIRERNRE, W, be &A% A2 40 M 1A E F
i & o
s e A HE R AR O, A tanh RRECHEAHIME h o B
AR
0, = (Wo[hq, ] +bo) 27)
h, =0, *tanh(C,) (2.8)

FortWo 5 b S5 H T AL R (o

LT THENL, LSTM 2R GE6% 58 4F M AL 3K P 51 5088, 7R EARTE . v d4
SRR AT 55 P S ARG B . eAh, LSTM ABAIA |] LUK in— AN S )
LSTM, B 5 5% AFBENLY TR NS A 4 &, 2 — D ER m iR i L RE .

2.4.3 FEEINE

NRAR A AR ERAE S BAT — s PR, X EZARIAEER 1 B H3dT]
T s — B O - B M BRI S BATT AR K R 2 B8 2 (ks e B AE m i A5 B
gy, g — e R B EHE R . XMBLGIE T R B AR b, BIAE A 5%
PRAEAR e BAT S L A5 B L SRR AL A AT RE s 12 1 A B A b ad 4k
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B AL, IR PATAETR A 1A DI RE P P e A FAD3E  E SHE o AE R 2 2
IR, VE R I BHUBIBAN Y — R N SR R 0 iAo 0 JB AR X i
NG BT AN B, 3 8T N 2 B RIS T o S8 N 2 R RV B8, 45
AT A EB S E S, BT XEELREL AT, M., &5
ESSHERATE, JF Hal DURSE IS Sl S R BB . Ik, BORBE MWt 5iE T
R HSTE WL P2 g AR AS 1, DAL 25 T A 55 rh S B v R 2cdfs
AEER o R TIHUAEAE 55 A iy T B, m] DR AN TR] A JL 4k cdfa Tk
T AR ALE , AT A RS A AT AR Ik (K Kt » AR R R I A
i B AP E SRS, BRI AT ASINE R LR AR i 22 ST e 1, A
S R SR N SRR HERIIE . TR IHLHIE AN K] 2.4 PR

. Attention

o | =

Valuel Valuel Valuel Valuel

2.4 FERAIVUHBIELR

MAEHLE AT, RN S = AN, i B Query.
= Key FI{E A& Value. vEE JIHLEIXS T8— Query M=, & 14T
BT S Key MR ML, FLIE— kb5 3 Value MR E R,
B Ja IBCRANTG 2 5 441 Attention T . FH T 04T 20 R B0 A58 I
B, BRI AR R S, AR SO FH (3 = 018 B SR B, TR A ROR:

s(q, k;) = similiarity(Query, Key,) = Query - Key, (2.9)

20
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i3 soft max B HO 15 2 RITE R 145 0 #EAT 0 AR AR ER, T SERCE R
EWF

_exp(s(a. k) (2.10)

n

Zexps(q,kj)

a, = soft max(s(q,k;)) =

B JE MR AL R B0 Value {E 34T InAUAL 2, 15 31 Attention {8 , 115 Attention
HH AN

Attention(Query, Key,Value) = )" a, -Value, (2.11)

i=1

2.4.4 Transformer £81

Transformer J&7E 2017 4EH Google 2 & A1 BA$2 H (11081, [ [l 2ediie. ¢
ARGy A H ARG AR U A I 5 8L . Transformer %002 B A S B
GRS REN=WAL IR | PSP WAkl I St A5 I R 1 = 8 A O ME = WAL IR | s A 2 e
A B 1) [F I 2% R S AN RALE S R . S5EGRERINEIAR, BiE
BN R R B R SR RE B, ARHRERBINBIER. ML TERm
RNN A1 LSTM 75 4% 55738 A2 AL 3P 51 4, Transformer AN B ATA] Fe 41 it
1AL, X AE4T Transformer BT R UFHI AT IR AT i PERE . 24T, Transformer
B C G RN T — Bl kb B 51 288 A 55 10 3 2 H AT R0 A 4 0 2% 2R 4
Transformer #5281 4514 &A1& 2.5 fros, B 3 2l g i & AN ARG 2 4L R o
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i

| softmax /32 |
I

| LA |
i

| REEBREIRAE -
I

AT 2%

e | REEBRURIRAE -
| |
£ IGERTHL
* * A Ny
Nx
RAEBRER AL | | R
£ IR HET % ST R L
A A A
o E 63;}—453 EE%——{SE} o E
A A
NS finth A
HALA B

B 2.5 Transformer FEEIZEH

Transformer 1122 Sk & JIHLHI B 7] & 50 i AN kR R 2 AN AL i
15340, UUSEEiR T R OREE 1T B NER SLEA =AM A& Query [A]
. Key FIEA Value &, X501k, HESIITEARXN:

el

gl

Query, - Key;'

Ja

Head, (Query, Key,Value) = Soft max( ) -Value, (2.12)

Query, =W.°X
Key;, =W, X
Value, =W,” X

22
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HepWS, WS, WY KR R X LR Query IR, Key [ & AN

Value [l ERIACESERE, O Rk RSRIO4ER .
B ITA SRE R A PHEE —lE, @& THR R 2 ki siE, £k
EEHEARN:
MultiHead (Query, Key,Value) = Concat(head,, head,,...,head )W°®  (2.13)
Forrwv o s H 1a) 2 BB AR RS
Transformer 2t &% 1) 3= Z DI RE S X 4N SCARREAT 18 € FIRFIERI G, D9 fidnd
RS A RURAE S B SRR gafidas b 6 MHEFIREHEZ TR, AR S —
A2 SR BRI — AN B At peh 22 P 28 AR o Dy 1 917 LE AR 9 K i et 4 S Y
PRS2, AERE MRS ARSI T AR ZE A E bRt R
gt a2t 2 SER NI R RRERE X )5, KOS AR A Ak 2
FEAE R ES 25 X, tHE AT
x = LayerNorm(X + sublayer (X)) (2.14)
Bt P22 X 2 B > i R R AR, I O R BOEHE . 145 21 105 x A
N ZE R 2% FEN AN, AT 28+ A i

FFEN (x) = max(0, xXW, + b )W, +b, (2.15)

HoAp W, W AR, b, bRmE.

Transformer fi#ht & I1E FHE T WIS 2R 25 5, FIAEA 6 DIk
MR, BT HmILEE 2 7 — MRS 2 i S plslah, JoRIS 5 gmid &
FRTE], 3 2 DRI A AR 25 R 2 A7 I PP R, S 22 Skt e LR R 0 g 1k S
P31 B A AL B AR AR 2 5 T A B R

2.45 BERT FilIZiER

BERT &7t 2018 4-HH Google A &) 42 Hi i — i JE T Transformer 44 Tl
S5 5 A0 BERT 1) 3 AR Je e KA RARTE BB TS,
F @R E S Ko, B> EREPRESIET ORI 2R, BLE) 2 N H
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& 2. 6 BERT TR SRAERL 4544

BERT MBI L5 - 24 = MALE: BRI JZ B R A (Embedding) ik, whE] =
[¥) Transformer R A& &2 M FGORBEEL . AN E B F 57 # A\ (Token
Embedding) . 4Btk A (Segment Embedding) FI{i & #k A\ (Position Embedding)
. Hdr, PN AR A TSR Z &, BERT BALS HEx A
fa)FEsn “[CLS]” 5 “[SEP]” Kimidt)r Bk 5K, AR A R
B S BOR A T X0 a) IR AL, A7 B i AW R/ A7 BAS B R R BURFE 7]
B, MR EMEAL E AN 3 80 2 5m A R A R R, RN S 5 I an & 2.7
FI7 o

Input [CLS] he has a dog [SEP] he likes it [SEP]
Token
Embedding Eies) Ere Enas Ea Edog Ejser) Ene Eikes Eit Efser)
Segment
Embedding Ea Ea Ea Ea Ea Es Es Es Es Ea
Position
Embedding Bo E E, Es Es Es Es Es Es E
B 2.7 AN BEEE
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BERT 1 B 78 W Il 25 By Be b 1 2 W ME 55 A0 35 5 154 (Masked
Language Model, MLM)F1 T 4] il (Next Sentence Prediction, NSP). fiidif & 45
RIZE B FR A M N Z AT RENLIE o5 15% M) 747, R85 456 5 ia] b1 ST X L4
A 5 1 18] ASRIBGER B2 i SCRRAERE o PR IR SEg A0 1 15% 7454, 80% )
TR IMASKIPRIC B e, 10% 7 FF AL B e O I 45, T B DR A
AAE,

R TIIAE 55 5 7 LAY PR SCAS AN [R] 6] 7 2 8] B 5K & AT B (4t BE 2 Y
AT R R . BRI R Pkt — X SCR AT A R B, K, A
50% HIMERPRE I G) T A A1 B 2PN ELENTER) . RERALFEIN WSS A 1 B
PN, DUMEIESI T B 2&G2 A BT M1 XPAMES A 3T
e =PRI S i ORI 2R e o o B N ¥ oy o= 0 B P 11 N i SN
SRR REAE,  DodE N BT 55K

2.5 ARG

A% BT ekt AR A i R AT R I AR S A Neodj BRI e
BEAT A 2H, ARG RERE) 5 AR iy 44 S TR N SR O 2l BB AR JEA T TE A 3R
BEJS 20 T AR B R g R v K B AR AR 2 S B, A SRR AL
WA AR RIS . & FIHLE]. Transformer #ALAT BERT #5871, A A
IR BEE T A
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3 MEERAHHIE 6 F SRR AR EY

BRI T SO R PR A A SR AR A BT R i 44 SRR AR 1
FREEAY, R H R M — . SRR AR ERE @M AT R, HIGERAR
WO, R 11 B BE RS 2 A — N SO Seik . A& RN AN
PR A I L TR R R B 4E , 7724 T BERT-BILSTM-CRF iy £ SEAAR R AL,
PR Eh & 7EE TN ALBERT-BILSTM-Attention-CRF & AL AL & 5 (EH#)
R F AT SRR XT L

3.1 $BELFHEL RBUESEIAE

3.1.1 HIEFKIRESIRE

H HAE AR 7 L T RFEE R i Ut Hh I W A T R B B A T SR il A iR
Pl A S, DR AR SC B AT R JE A0S 322 L R e 48 i et 4 T i 4 SR TR 528 K
JE BRI AR B AL TAE . SR BEAIE L I A s R A O R P £
&, ASCHREL Y A ] X B R s R SR A SO SOV E Dy AR R, X
G SCSCHR e BEBRE SR 1A LU AT R R R U R R, BB R, I
LA o e 0 0 e v R AT O R U P B T X

TERE T AR 1L B A T 1L PP R R AR A B 9 R R At b, A SCAE P
RN R B DL E |« OGBRRRT ERURE AR RG], ST R IV I A
TERMORHEE SCHR, 407 H ) SCHRAR OG5 B2 oA excel SCHFERAE, BT 6215
BT IUVFIA 8N, EHMERAASBIFEZEEE, B SIEARX 3
WA SCHEAT Tt o I ] 15 R A4 I B B AN A DG SCRIR S S X e R SR AT 4
Je S SR AT X, PibtREEEE, RASR R 13198 KRG HEE, &5
X OR B (0 SCHR AT AL B A4 txt SOAR DAE T JEAT B bk TAE . SREUIEE R
Bl 3.1 Fios.
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% 3. 1 Bl

T K w1

src LI

title BEA] R SR AR [X b KA A T YR AR AT
author ZESYIVIGH

org o [ Rk 2 e 5 X X 5 AR S B

source VKRt
keyword HUR KRR £h; 13, - R F 2R
summary T I DXICRAE (1) 7732 0 FRIRT i AR FRE X 71 HRAK I .
year 2008

3.1.2 SEAEN

A 3 o R e A 2SR AT R PR RO 7T 50T, JF 4 AR L T Rk
SCRR AR S RBE & [ nTRE 4R R R H FR(SDGs) A KA RS SDGs2.3 £l
7277, SDGs2.4 Al REEL AV TR . SDG6.4.1 KA 17+ SDG6.4.2 7K JE F17/K -
SDGs6.6 TR MIKE H5AKARINES RS, SDGs 11.6 i HEM-T5 44
SDGs15.1.1 kB i % . SDGs15.4.2 £k (078 w164 8 M FrE K H AR,
ANEETR T TR R AR T 6 PSR, VR B AR 1L AT R AR R R M AR S Ak
PRAERE, BRI 3.2 FiR.

K 3.2 ARE AT RFEER R SEAAIG]

AR P

Hh 3 ik R WA T

G| EC7/N -7/ NBTIL 7 NN~
LERG Z 07 NN ST T 51 AN, O N ot

Aol R BB KR KA TURL AR, T9ie.
Ry KB BKL ARl. WAL. HEROK. UK. KB

8 APSES

27



NI 2R AR S AR L AT RS R AR S A T

gk 3.2
159
LS. (s, BER. B4R
SR /B BhR. BN WKL YR, KL RE. IE
PEL K. 2. Be1. WA, DhGE. GREE. EE. WM. M
TR AR

LR REES RS WL EEER. A EE.

BE

3.1.3 SEFHIRIRE

BT B VR B o S R T T SR B AR T B R I 2R Y, e Fk 3 ALY
PERE . PRSI SCAS B b 1 SRR T i 44 SEAR IR IR S5 oS EH 2. U EUE &
BOK, N7 REPRERCR, AU Bl bRt & Doccano #EAT N THiBIARIE T
E. Doccano J&—#3E T web I IEARE TR, HT30A ar 4 se il <
TS B RS 5 AT 5 B bR . BBt web FRRIEHA T AEHE, #15
PRI GOR] DA AA B SCA AT hRid, FFAE e R 2 I R85 . B T ARVED)
e, Doccano ibfdfit /s A T MOREHIZED RE, Ji R P A AL =
PRESGRE, BT LUK SRR E SR 258 Doccano ‘B /7 T.1 doccano-transformer
Fe oyl HBE A 2, DU a SRR RS I R ARl o BniE AR Joke b B4 1Y

TR SR JESCARRWE S N F] Doccano &, S NEE GO B AR E LT
RO R SRR 6 RS, BEATBERARETAR, PRk asplmiE 3.4 i

No
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200655 E2006F10BAERA LiFfL D t5e. BERERkKINE B RERKE RHAE LK
bR I -ithEE REREZE ESRE
252

PRRERUKEE AR KA. BURHERERNER., FROTERKERTLFLX ZALEN
INGRAR <53 bk

AR KRR RE FE RIS T ERKEFRITIETN. KXER G REKEEHK
NGRE SR THE IMEEZ=

PUEYES EFHTHNTERE, SRR IR K SCE RSN ABEK S FAHCI,NO3
SR THNE bk e S
- S042-FINa+H9 2 BAEXI IS LD ot R P Ca2+,Mg2+FIHC O3 R EE A, B kAR (L A RN T
HtRE R EES )
TN

LA RSEEZE. EREEERNSIERERES KU FHEMBNINERERE. LhfnkKhaLzy
IMERER e il =LY

BFEFIRTIRE A%, (D ERR D B EE I TEk B R IE I, SR A IERER Eh AT SR ML,
S EESY) EE S S

& 3. 1 e Bl

3.1.4 HiEEIE

I F SO SR AR B AT SR 58 RRIAC L AR IS, TEARAE MY BEN 6 A
HARHATARE TR IE, BRZIREE 4000 4% N TARTEHE H T A S 4 Sk (U A
RASiaG, FL AP RS 0 S o 083 Ll T R R R B S I S A v
S RGIHE AN 3.3 PR

& 3.3 EAEIRESERSAT

AR gy
HhEE 3013
Gt 1022

ERRG 4599

HEER &R 5663
159 795

PN AR HE 1901
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3.2 BERT-BILSTM-CRF {2&!

1117 4 SRR 2 7S SR S T 1L )RR e R B P A, R A R R
1%, A B ARTE 5 A FR AU 1) B B A A 5 AR DG ORI e VAR St B, 3
H BERT-BILSTM-CRF A% IR B 32 3t IR SEAAR TR AR AL, FLAE i 44 SEAAR R 1
5 A AR R . ZAE A RS 5 A7 b B T J K SCAR T B, B A A 2 S
PR I — R 2 UG, DT e i 44 SEAR U AR HE R BE A2 AL RE /) - BERT-
BiLSTM-CRF R AR IHEZE 25 44 4n 18] 3.2 o

Output Yo Y1 Y2 Yn

S S S S

CRF

I E R E
T CH T TR
(J SN, f :

R M AR & A

BERT

r- - — r_— — —

Token Embedding | | Epug | | = | | E, | | | | Epsem ‘

[ St Y T S O B T N

Segment Embedding | Ea || Ea || Ea || 1" Ea |

e e e R |

Position Embedding | Eo | | E; | | E; | ‘ | ‘ En \
Input Xo X1 % Xn

3.2 BERT-BiLSTM-CRF A&7 4 &

MEERE A AT 40, BERT-BILSTM-CRF A&7 A 7 =AM, 4512
BERT A2, WA KERHTIZ 4 (BILSTMYFHIESREUZ LA J2 CRF 2. %57
YO AR B 2T AL E SN BERT 2, B BERT fE AN ZALHE 5
A NS ) 5, AR5 A BILSTM AR RHAESEEUZ 0T 1] 1] & EAT XU A I 25, 3k
— PR AR 50 RAFFAE, SRECSEAR R B m] B R AR g iS55 i 18 H
CRF Z LTI bR 25 2 (8] KGO R, a4 R AR AR 25 P 411
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3.2.1 BERT s AE

TR FI X =X, %y, X, ) IR X FIN BERT IRAZ Y, fEHK

N4 54 745 5] & (Token Embedding) A1) -7 4] & (Segment Embedding) 147
& 7] & (Position Embedding) =AMl Al & . HARLFEN:

Token Embedding JZ FI1E FI &K SUAS 2 91 h s — AN 2 RF R i 9 B T 8 41
e R RIATE R FEHAT TR MR R, 75 Z N SCAR BT AL B, RKTE
SCASHY T SR AN S5 48 AN P AN R BRI 75 5 [CLSTAI[SEP], 2 Ja 4 A %] Token
Embedding =, 7E1%Z/ZE T EAFRIACK R — A 768 4ER B RIR .

Segment Embedding JZ X A B > SCACTE SO 5 ARLREAT FIT 40 28, AT
BN SCARE B I BIBA G, s IiX —i%H:, Segment Embedding /2
fEH TP R T e Hep S — AN R — M) T AR Token TRE
N0, AN AT REEAS Token IUEDY 1. FEIERAIE, W
RN AT —A0) 7, WL E R 8 1 & N 0.

Position Embedding JZI1EF & X SCAF A & ARt AT A B w8
LAY A ST AN A B 1) B R s SR 15 N P 91 ) IR AR AE o S 9 A
77, — R A B b, PR AR AL B D, A SCBRL SR ) 2 40t
A B gAY, BEHERANE A BRI A A B b, 5 XA B w1 NS4
BTN R

B Je B bk =AM ) BB RN B R B At RIS X
JZE N 7] &

3.2.2 BIiLSTM $HER W E

LAY b R AE 2 BUZ SR F B2 K B 12 2% (BILSTM),  BILSTM &
— i TR SRR A P AR, S — PR R (PRI I 2% o BT LSTM
BB A B HT A J5 5 018 SRS BARFIE, oAb )5 15 & S, e 741
WREATRS T, SEAR S R SCRIMAAE P AR S &, DRI BILSTM BLAL 48 H H
T U A XA 8 SR H . BILSTM A8 fH TR LSTM A5 A1) LSTM
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HATT R, 3BT A XA 22 ST PR B XA K f, 7805 8 T NEA R B
fE R . BILSTM #EAIEER U 3.2 Fiow

Output Layer

Backward
LSTM Ws
Forward
LSTM W,
Input Layer

& 3. 3 BiLSTM AL &4

fEHI LSTM JE A Em TSN 1 213 ¢ 200 R ari =4, 25
LSTM JZrH i t I 23 1 I 2 S it S JE B = et oo FERE NN 21 45 5 Rl
5] LSTM 15 5] LSTM f)% H 45 Rt AT [ B RS Bl i e far th o TR A 5000

ht = f (Wlxt + Wthfl) (3.1)
ht' = f (W3Xt +W5h't—1) (3.2)
0 = g(W4ht +W6h't) (3.3)

f£ BERT-BILSTM-CRF #Ar, 25t BERT R JZAE B 1] [ Bl it AR AE
PREUZ BILSTM, K11 [m) AL ) (i ) EHFHEAE— S, (B—MESEL LT
SCIEBEAE B, AT s TR PR RE R 1L AR

B JE ¥ BILSTM 2 i th 1m) B4 AN B 26BN (CRF) Y, it A5 S bsiE e 7%
PIRAER . BRATRE R TRIERIE RS . 76 BILSTM 25 I\ —A CRF 22K
NAE A 44 SRR TS5 1, CRF i AH SRAR 25 1) 56 28 AT 15 21 a5 A0 Tl 777 571
YREN T BILSTM 78 b TR K I 55 SCAAE IR TCVE AR U7 0 LA AR AR 25 ) 2% & 1 1)

o

3.3 ALBERT-BiLSTM-Attention-CRF $&R&!
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HAR BERT B HAT 58 KITE 5 R 168 1, 13U 28 SRR ) Fiis
SCMBLEE V545 B ARTE 5 AL BT 55 T S T AR 8 B I RICR , (BRSO T
KBRS R B R R (I RR K, BUC B B LSRR L,
X FET BERT BLAL I I LR 75 B M-S IR B RD AN KRR ) v e e, I 45
FRAAEH o

f£ BERT-BILSTM-CRF #&4H1, [T BERT fAUA S i F 2R ERTHE T
VSR (] 32E AT 2540, BILSTM JZ A1 CRF J2 th i 1 R0 (1 55 24 B A0 T4
RSE TG EE S IIGRA . [ BILSTM 2 BRI U IFIZ5 & R
3, AR A R B HT [ AS FARFEAS S, (EXS T K P SR AR BUE AR 4
FH B AL s S B o DRI A SCER S o i) R, S HE T Ry s 0 LA PR e A
54 ALBERT-BIiLSTM-Attention-CRF. 7Ef & ALIEAI 1 ALBERT JZ2 KKk T
SR, ABRTE IR0 B 5 m R BCR AR PR 2, Attention JZ4& = T %)
SEAR S FE I 1% . 32 B AL A7 ALBERT-BILSTM-Attention-CRF )45 44 4n & 3.3
7R o

Output Yo Y1 Y2 Yn

(S S S S

CRF

*

Dense

*

Attention

N O A S

BiLSTM ™ BIiLSTM ™ BIiLSTM ™ BiLSTM ™ BiLSTM
- -t— + - -—

Embedding

-

ALBERT

Input Text

& 3. 4 BREMERIGEHE
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3.3.1 ALBERT #RAE

N TRV BERT A SAAEM IR, AT 2019 4t H T — R =0
BERT #74, Jf:H4y ALBERT(A Lite BERT). ALBERT ##7E BERT [ FEA!
FRIERARH SHL, B B A7 2 e LLg/b & BERT M2 —Ti%
SE/D, FEATR RN ZRAER P AT T R 7 USRI, 5007 8 R e AT 301 25
BB 5 EE . ALBERT BAIZ8H) 5 BERT 2840, #RH 12T GELU
ARLE MG BB Transformer, {H1Y5 BERT AN /2, ALBERT MR T H
T ZHORS 81 AR IR D 7 SRR, IX LS R ] DLV BR A e 00 2R A I 8 38 1) 3=
FERG. ALBERT MY B0t 24 BUR JLA

(1) BANESHIE A

fE BERT H, N EM%H IR 45 E F Transformer Block Z 4t 1 ) &
AERE H BRUAHTE, (EAESERRAE S, BRNE RAE R — AN SRS, i i) ) & A id
A K R SUE R, Bk S 4 E AT ERE H R Rm R, =4
E B KRSEMSHIUR. SRNX—IR, 78 ALBERT fBrhxf &4 E it
17 TIEE, FFIIN T — AN REFERE, ZF R 4E Ry E RN 25 ) AR ey
YEFT N H A&, PMESHI N ZE Transformer Block 2. EERER KN NV, X
AN R IR AN 10 DR =X 20 A e A

VxH=VxE+ExH (3.4)

W BRI R REEIEG, (13 ALBERT A N 2 B S EZZ
/bF BERT #4,

(2) BESYGEE

&4t Transformer H 4 — ESHEE R MALHY, AHE &R PRI E 0L
FAERE, XFAEREOEMN, SHE WS REGIN, KR NS B,
P SHGHATILE . 1 Bert %} Transformer HILZS 805 RA R E & EEZ 0K
RILEEEEWF, 7 ALBERT H&5& TIXFIMITIE, EERZEMEET
EHHAT SRS R, (R EEZ SRR AR 112 B 1/24, i 7 S5
FRASEAN U7 158 ) 26 3288 P52 165 0 17 169 0§ I, AEARE 1 % 2 B[R gk — 2B il N2
AR
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(3) SOP J5ik

fE ALBERT A 5| N7 — Rt 09~ — ) W 753k, ROy E B R AT
JI 7 T3 451 2% (Sentence-Order Prediction, SOP). BERT H1 ) NSP £ 45250 F-18E X
ULEC, TG my S A e SCA R SR B, NSP AT 55 /] LASg i T 55 Pk
BE, (HARIWITERE NSP AR5 2 LA R, Hi o it al i mEae,
PRI NSP AR 25 %R 520 FE AN AT HE o[RS NSP E555 MLM AE:55 48 L id T fif
B SRS BRI N B ARXS A PR, NSP rbfRg ) 32 R TUIN A B T ) i AT
SRS — SR L, BN ER 55 2], WEEH MLM AR5 2 2 A
wHES. B, Albert Frfg i 18 4] 7 45125k SOP KAUE NSP 4155,
SE iy R i N e o818y L PR/SVE s Y I ol 211 1 B S5~ 111 A et a1 19 L 8
SOP HJIEREAS[AIRE A EARTE R 345, (GRS D9 SRR E R B R A ) 728
Ny, BRI SN SVE TR 7 2 M BETT M S B, 43 SOP HYES5 5 xE,
ARREEEFE

(4) %P Drop out

£ Albert B BRI ZRdr, ST RACK G LI, Kt Albert A5
2k 1 Drop out, LR/ EFNN TENGAPRANAE SR, b 7 IIgREE .
1XSEKN Drop out 277 AEVF Z I AR &, WX EeAF & X7 T ALBERT Kl 2% H
FH AL o

FEA SRR ALBERT XA JZH, ALBERT ilid 24 K =00 i 15 |5 S 4k
5, KK TR ZHE. X TRA SR X ={x,%,,...x,} » FERAE

23 ALBERT # MLM HL#| A1 SPO Fihb Bl )5, EFfrmE. A F I mAAr
B =M A . 55 B =N A8 B E R MR EUZ SN o

3.3.2 HHEREE

TEASCRE BRI 20, RRIESREUZ B BILSTM 2. R 1 E M S8 E A
B FERFIESEEE, BILSTM BEMSA ROt P A\ PP o1 B B IR BR &R, &
PHIARALEE ALBERT % th IR AR R, #E—D 23] B EE, ik /bl
FEVFIR AL SCTE RN P S A AN R L AR JS. AT A7 B A R B G b i 2 R MG

35



SN 2 T R DAT'S AR L AT RS R AR S A T

A, PIUAERAESRIUZ i S 0 Z 4R T BILSTM Rt DLsm 6 =4 Fi 7
55 B R E NG B AR Z TR 5 02 I e 38 B b 28 e [ R 4
JE5tHE] CRF EH o XER 1 AN], B Jekik N E it m A v A&t BILSTM
BRI R A B 1 &, BRSOX AN & 20wy by Ah, , hy f2 IR a2
2, h, NI R, AFESERJE R h I h, PR, BERAN
BiLSTM fith &5 R h, =[h,, h,] & . 285 Rkt m) & h AE 9 B Z 85,
B R h O K, K RA R

k; = tanh(Wh, +b) (3.5)

BBk 5 K, 5 T r R g AL, o 2 HBEHLYIA L Hmit Y14
S, B soft max FACIEAT T LALTE, TR R AR,
 explak!)

RENCTS (3.6)
8, T MO Bl ) T AR, BB MR & (Rt h e
RAEEEE AR, AR

S = Zai h (3.7)

WL E R AL, AR S B F AL BT INAL, B i
BREMSGER, R T BILSTM X Fad KM 7 Sl PR R b AL H iy 5145 2 ) 1]
A

B JE A SRR EE R R ) CRF JZ RENS A LRI bREE 2 A RA7 G &R, JE
id CRF 1H5EAS A 26 A BER L A BENS 78 70 CRUE TGN () 591, RAD T RFE SRR
JE BILSTM AL AE PRAH SRARZE 2 IR R KT BR AT, fe 28 H B I A T
WAREFFF o AEARSCRRHATSLIRIN, AL CRF 5E UK bR BORTHE R
FARPRIEAT IR TE A o

3.4 W5
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3.4.1 SELR¥IE

TEREAT LIRS, ¥ T BT WA B RIFR I A2 A 4% I8 401 (1 Ee gl Rl 43 il
SRAEFPAEE, 3200 25 CAHFI1Z%, 800 25 SCAH MR i &I 2 1 04
B30 T B T BRiE 7 B 45 R i 46 S R AL SR8, AR SCiE F E R
[f) BIO JFZARiEJ7 V0 ISR EE RN AR AT 564 . BIO i SUAR R AN 0
RO AIRRER “B-XX” . “IXX” Bi#F “0” . Hi “B-XX” RRNEZF LR
7 XX RMSEAREIIT K, “I-XX” RIRIZTFICER AR XX KR SR 1) b (8] 2l 28 B s
B, “O7 MFRRCARFIESLARIIESY . ) is4id BIO ¥ FbriE )i e i 4
PEARAE R SR, P ARRE R a1k 3.4 FR.

R 3. 4 KRB ER B

SOA hRi: SOA bRi: SUA bRiE
1E o] \ o] i [-Hh 3
H B-Hh 2 £l B-Hh 2 7 o]
) [-Hh 2 % [- i 2 H 0
s |- 3 K o] * o]
Uiy I- 3 2 A B-Hh & 0]
il B-H ¥ 3 I-Jh 2 i B-FREER %
I, |- 2 e I-Jh 2 Vi I-IE R R
i |- b 2 K I-Jh 2 58 I-IA R 3R
7 |- 2 p'a |- 2 , o]

3.4.2 SEWETHT AR

TR JEE 2 )RR AE AN [FAE 55 AR B R B PP FR bn 3E AT 5208, £ SRR AT
S5 PRI bR RENS SE L7 3t S AT PP A AR SO AL SEAR RN A M o AR SCAE S
SrE RS HESE . A IR FLAEBEAT PPAN A A2 () 12 e

F5HE R (Precision, PR FIN 45 R 510 45 R B IR R & 4 8 Hti
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NEREAKCERILCE], ok BT B0 #Ef e . TS AR
TP
"~ TP+FP

Hrp TP R NE R 5 HShRc 2 R BN REA SR FP Rl &5
RANFHEHELRCH ROV A L &

111 Z(Recall, R)ZFE/R TINS5 R 5 ARC 45 R N H AR 5 AR ic 4
FNAREARBEMH . 5L

(3.8)

p

R__TP
TP+ FN

Horp TP (8 CERHER 2 30E SO, FN R FUSEARIC 4 2R Dy FAE T
RN FEAL R .

F1 $RbR ARG HE SR AN [0l A AR, PR BE AR SHe VR B/ 5 A 49 [ R 0CR
fifaks, HE A AN

(3.9)

_2*P*R
P+R

F1

(3.10)

343 EWHELSHITE

ALglghiEd AutoDL B =6, 1% P62 GPU IREY S IFE
HHF G . FTHRIRS #ECE : GPU Jy RTX 3090, 24GB &47; CPU A Intel(R)
Xeon(R) Gold 6330, HA Cudall.2 [FiEEAESE, 80G HIAF. VARFES: L E MR
54 TensorFlow 2.9.0 Python 3.8, #ifidig 48— Jy utf-8, HEMSEHEE WK 3.5
FIi7Ro

R3.5 LRSHRE

ZHALTK ZHUH
Batch size 32
Epoch 100
Learning rate 2e-5
Optimizer Adam
Dropout 0.4
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5% 3.5

Embedding dim 128

LSTM hidden size 64

344 SLWERSSH

T IR AR (R R, e BT UM 323 i 44 SIEAA DRSS HEAT 0 HE SRS
43518 BERT-CRF #% . M Word2Vec i 1] &[] Word2Vec-BiLSTM-CRF ##
. KA BERT FiillZRi5 A i) BERT-BILSTM-CRF #7 DL Je A LRl A T E 7
PL#I ) ALBERT-BIiLSTM-Attention-CRF &b AL, I AL &t
BIO Arit: J7 S e AR 3% 1L AT Hp 8 R e B e o 0 EL & RNk 3.6 s

+ 3.6 XFHLIGLER

et P/% R/% F1/%

BERT-CRF 80.40 78.02 79.25
Word2Vec-BiLSTM-CRF 84.65 79.62 82.10
BERT-BiLSTM-CRF 82.32 82.04 82.24
ALBERT-BIiLSTM-Attention-CRF 86.04 82.17 84.11

MFEHFHE AT LA H, Word2Vec-BiLSTM-CRF #i7!, BERT-BiLSTM-CRF
fEALF1 ALBERT-BIiLSTM-Attention-CRF BRI FIERG 2R . H IR, F1EHE R &
T BERT-CRF #&A!. j#jd %} BERT-CRF 1% BERT-BiLSTM-CRF #5847 %}
EC, AIUAEHTIN BILSTM AB ), FEiEZR. HZM F1AEHZERIT, ZX2EH
BERT #8187 Transformer 2244, Tfii Transformer [ {3 & I HLHI 546 T 47
B, BERT fA i 47 B A5 B EE Position Embedding, {HAEFHIbRIE. 5L
PRRANTE 55 A B A5 EAR F L, BILSTM FO/E A2 2% ) BlH N 81 R STk,
PRl BILSTM ASEHLIAI IS I e AT B FHRFESE B AR, v Res R I 2 1AL
BT RR SR FRA S SEAR, I FLG I e s i () W AE R SRt S 7

M Word2Vec-BiLSTM-CRF #i7%! 5 BERT-BiLSTM-CRF A ] AE H, 1]

39



Y =N e el VA AR L AT RS R AR S A T

R IDEIEy BERT Ja, HEIRETHCENIE, T BERT #E47 1 [A) &4
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