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AR A5 AL D BE VUM R A AR RS A2 I8 55 70 A AOBIE T PR o R I B 3 R e A8 SR A
NTEREEARI KR, QfapRs— ek BP0 B 00 REAL B TT i 5 | A B2 R SCIREE #4 D RE TR,
XFF R E O A TERIRBIBCR BA IS S BT, EHEETIA—RINREL 7 > B B Ll
b RPEEARSCERAGIHZE . BEAARE, TN BT BUE AT I RE TR DT I IR IT R . A SC
J& T RIIIIIER— 0y, 3 BT T 59 Bovk (9 R SCEREE g D BE IR 07 1%

1 HREE |

UEAF R, 2 R SCHR 25 48 T AE IR 32 B 5E N BRI SG ORI T R A 5T R .
Constantin %5 ' PSR SCRRAY AR FNAG Jo 2%, e 1 67 B0 A 2 AR Sk 25 49 D 3R 31 2R
48 PDFX, ZRGHAMNFARSCER bR B9, RA% . 275 SRS 254 D e i U3 Ak
HLIERAE FRSCIR SRR, LRGN FIER R IAE] 77.45%. Tuarob 245 ) Fi FHHL &% 2
B, REORSCER A T A AT B Sh A gy, DS R SCHR A D RE S AR R o TR A A
TR AR BB S o R SOk AT S A B, e =y i
ARSI EAT T HARFSE . Ren 55 100 G5 A4 R SCBRGEHY 5 Y — Tl 32 T 5 25 190 4% 10 65 i 42
WOE, FHATRSEAR SCHR A D RESE M . AR LSS T AR SCIRAG T B &, 43 3R F K e 10
T2 2% ( Long Short-Term Memory, LSTM ) . SZFRrREAL ( Support Vector Machine, SVM ) |
KT WL M % 5 2 - BfiHL 3% ( Conditional Random Field, CRF) IR 1% LSTM-CRF., %
B Z M %% ( Convolutional Neural Networks, CNN) 5 2 fFBfi#L3% 18 & 8 CNN-CRF 45 %F
3672 RGN AR SCIR AT T B AR BT IE . Besh, AR S T B IR AR
b R K S 12 M 4 (Bidirectional LSTM, BiLSTM ). X #[i B AL SVM 14
PERENLY CRF S5 BIR 7 R SCERSS M DI RE UM 52 56, 790 CRF BA S iU e RE, H F1
ERENS IR S 92.88% , VLIEAE ) LLF AR SCHRIR B b 0 72 S SEARIE SCBADT, M T LT LSTM-
CRF By 245 Dhfe A sh UL 550 fp ) AL SVM ., S5 EEENLY) CRF . 1 BR8N 4%
( Recurrent Neural Network, RNN ) A A #1012 R 4% LSTM AH Fb, 3204 78 1) P2 50 vk RE B AL
HCFL R A S 85.47%., F ARG O 4R I 2 2 Ul Y 2 R SCIR S5 o R R AR
PR e R R JBE 2 A B R AN [R)JZ R 2 AR SCHR AT 25 A T RE TR, 4R )5 R I8 S %R
A RIEATR A . AR 2 IR I TR BE A ) B B 25 4 Sy BEIUSI Oy e 2 L TR 1
W PERIE, 6452 i # AR SCHR b RYSCER S SRR, 2R 22 SRR B 2 S R U Ve RE B AT
e S AN

1 EIRWFFEHE AT AFE Hh, HLAS A 2 SR B | A B2 AR SCIRESH T RE I AT SY, (Hix 28
TIE WS IR R Z 5 SO P B O R, B AR ST RS R, X 607k b
RERMR TR, JOEPRIEBUNRCR . A RIS IAGE F T KRB AL BRI 7 SIS, 2l CNN
RNN. LSTM 45, {Hix SEiiAy Jg TR IR EE 2 I AL, TERZBN =T, HJae ol i
(K F IR LAY BERT ( Bidirectional Encoder Representation from Transformers ) #1245 7Y
TESFARSCERES D RE U 1015 P VE IR E AR . 56T Bidarar, AR SCLA A ARSIk 75 BLk N
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TEE 1R, EAJZ R Word2vee SR 733 J5 AR ATRRE (X0, x5, ooy x,) SEAT I ERALR
N, R A SRR — A RN BB A ] S TS RUE S, DARBCR KL
JERYIE SCRFIE, ASCRATR/NI SN 20 3. 4 BB ALJERHRBATE SCRFHERES Tt b 24
DABRAIZARA R AL S o it 2K i A0 FS 1 SCRFIE I 2ok 4 3% 422 P 28 57 R T sof tmax 80075 BRIV Ry 43
ES AEEE G S

2.3 KGRIz ML

K e AL 25 ) 2% ( Long Short—=Term Memory, LSTM ) 18 JE—MEERAY RNN, S51&
4 RNN AL, Eiih T REZ RITg i . LSTM B AT 25 HlHC 1L 3Tt o fE R, Hip
BT S RE B —IZIRICIZ T ¢ AT 2 /D05 BAR B B T 20 ¢ BATT 7, D2 ST 2]
A x, A 25 BAR B BICAZHIT ¢ Flil] o, HEPRAESNCAZHTC ¢, A 2 /05 DAL 45 41
B R ho LSTM PUZSHIANIE 2 Bi7R, o i /i o, AFBIERAREAL] . s 1A i ], AR
RIEICILITT, ¢, RARICICHIT, O Hl tanh 73 5K 7R sigmoid FTH pEECHN tanh JFUH &L, x, Ny
B, b E T, WML b Sk IO A AR R ARG B T DU S S B Sl R e
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= tanh(Wc [h
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2 LSTM Gtars=E

LSTM BORL (36 A TAE R . B 76, W AJZ 8 it Word2Vee XHHIAGERH (x,, xp0 ..,
x,) BEFEBAAR, AR A SRR, FERGRUZIE I LSTM S A 1] 3E 345 A $0L
PRBVRAE ik 55, B R R T 1) 0 R 4 12 R FH softma 56 45078 1) e 26 1 351
s

2.4 BERT t=8!

BERT #01) 5] A Transformer fEAE I 177 6 — 008 T HEIEERIAORE 7, ENS T 755
MO R A SOk AR %% ) T I G R FIE . BERT BORAGLSH el 3 s,

040



MBE, FFE, BB BETETRENZARIHREMINGERZNTTERR [J] . XBMEBEFR,
2020, 2 (3) : 037-047.

H[CLS | FRMATERE (xpy xy5 oy X)) BIRIGERIR, B (i=1, 2,-+, n) FoRBRIREA i,
e ) ) e A E W) e BT L. Trm A Transformer ZafiSgy, C A1 T, (i=1, 2, -,
n ) FERGIY B RFAE ]

BERT £ Y (8 e AR AR A o B A JZ %20 3] 5 89 i T8 BE E AT 1) Ak R (xy,
Xys wes X,), JFTERIAOLE RN [ CLS J5 i AJZ A U A 0] 5 X5 B ARl ) & (E (s, B,
E,, ..., E,); it 2 FH £ 2 A Transformer 2 5 25 X5 iy A 7] 5 PEAT R AE S B, A2 n
FRfEm & (C, T,, Ty, ..., T,); % th)Z 180 4% 5 W 25 95 1] softmax 732 pf 2075 21 U510
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3.1 SEISIMR
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PERGE Ubuntul6.04
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RS Python3.7
TRIE 24 > HEZR TensorFlowl.14
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1) ] I 2 T HL Word2vec
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GPU NVIDIA GeForce GTX 1060

3.2 INEHE

S E IR (https://www.cnkinet/ ) 2016 4EZE 2019 4E 2 [AI7E CIEHRFAR ) CIFIRIIE 55208 )
CEfRRE ) CRERIER ) CERIAMER TAE ) CEHZeE ) CEBIB A S8R & R0 AR Sk
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FHTTE . BARRIR S T BN RIS BRI R B ST TR
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s g, UG, ik, BE. b SiThe. SitERE, AS5RYE. Sit5HR. B85,
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W 2 o, AR SO 27 AR SCHR ) 5519 Al OB TRDRE A ] 7 AR SCHBR A 25 F D RESE — AR L
(2, 515, MOCHISE, Tk, SES, 458 ), MR SERm 73 28

3.3 SHigE

SR PRI TR B 7 B I PR RE OGP, e BR—/NER 3 S B i AR AT 1S
Yo, SETTAFINE 3 JF5 M50 B HR 2 . P batch_size 57 19— YU 25T HE A HRHAE
KN, epochs Fern LI ERBHENGFAME A IREL, dropout_keep F/R M & IR A HER, A5
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&3 ZHSHIGER

I T

batch_size
epochs 30 50 5
dropout_keep 0.5 0.8 0.9
Ir le-3 le-3 2e-5
hidden_units 128 128 768

3.4 SCEGMEREIFMN
F I HERG 2 P ( Precision ). 4 A1 # R (Recall ) M F1°F 3 {H F1 ( F-measure ) 248 5 %
CNN. LSTM. BERT % )25 hRe R I RESEA TITHr . — IR PRI AT

TP
= (2)
TP+ FP
TP
= (3)
TP+ FN
2xPxR
_ o xR (4)
P+R

H TP, FP, FN FoRIERGFG . BRI okl g i T Re e

3.5 SIRER

AR 5 38 LIGTFEDE TS0 . CNN, LSTM . BERT 254544 (1) 2545 Beyg IR PR REXT o 4%
RN 4 FoR . Hi3R 4 iy “RiR” P AaRIaR, HE &S5 DRen) M.

Fz4 EHERERBIIERETILL
LSTM R 0.31 0.56 0.59 0.70 0.70 0.37 0.54
F1 0.33 0.60 0.58 0.66 0.70 0.40 0.55
[P 0.64 0.60 0.59 0.61 0.74 0.48 0.61
CNN R 0.85 0.43 0.53 0.71 0.72 0.48 0.62
F1 0.73 0.50 0.56 0.66 0.73 0.48 0.61
P 0.80 0.59 0.61 0.66 0.75 0.47 0.65
BERT R 0.77 0.50 0.48 0.70 0.77 0.75 0.66
F1 0.79 0.54 0.58 0.68 0.76 0.58 0.66
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2 4 " LIS LTS5

(1) BARRGIZER . WA PERER A, BERT BRI P, R, F1{E 75 &8 i 4 o B i,
CNN # AR 2, LSTM 2 AL 5 fK. Hor BERT #7 (1% F1 {4 0.66, L. CNN #7 55 0.05, L
LSTM A5 0.11, PRIk, X2 R SCHR A =15 Bo i AT 25/ B, BERT B EA LY 4%
APUIERE

(2) ST UNGE R . WK TIRE R BIERER A, X “Hi2E” 5], BERT FiR
PEREFe I, LSTM BEAIVERE SR 25, W& FLIEAHZE 0.66; X “51F " R4, LSTM H8IVE:fE &
i, CNN BERIPERE A 22, Wi F1{HAH 22 0.10, BERT M8 F1{E N 0.54, St PERErH 2
0.06; Xf “AHIWFFE” RH], BERT BLAIFI LSTM #EAIA A, CNN BRI 2, =& F1 {HAH2
0.02; X “Hik” R4, BERT BEAUVERERAL, HAAPIRBRIVEREA Y, — & F1{HAH 2 0.02;
XPoesgae” U, BERT BEAMERERRAL, LSTM BifIVEREm 2, Wi F1{EAHZE 0.06; X “Z5i8”
P, BERT BEAUMEGE AL, LSTM BRI RE R 25, WiFT F1EAR2E 0.18, FHULATIL, B “5l
57 A, BERT ABUY) A RS T RE IR BIPERE . UAL, CNNBIELXS S50 U R
th, YO W kT 48 LSTM ALEUX) “S0ue” PUpltEResmf, HkE ik “518”7
S5 BERT BIALX) “HH2” PUNMERERAL, HUOUE “SL” “Hk” 4. AMER 1, =R
Bt Orik” A CSER” iU RE AT, TR A PR R S A0 2 AR SCER R T R R AR
%, AFITUREE S B2 NS5, DABRBCE R JZ IR i SCRAIE, DN ITTR A5 SE AR i D R 25 44 31
GilERE N

3.6 XJtbsce

ASH R Python Ml 2] T HAL sklearn 2L SVM SIEFEAT /36525, 7R 5250 8]
FREOZE R 0.5, IERMLME BB E R g, W% S0 LUAE G g 2 #5085 BERT 7
FEAARSCIRTE T B LI ZSHDIRe R 22 5. 38 50 SVM ISEI0 4,

®5 EBTF SVMHEPERERBISEE

fii 22 0.51 0.36 0.42

Gl 0.56 0.18 0.28
LB N 0.64 0.24 0.34
Ik 0.74 0.51 0.60
S5 0.62 0.75 0.68
250 0.56 0.44 0.49
AR 0.60 0.41 0.47

S TR I, MR TAGILER B SVM, AR SCR A AY BERT A5 78 5 A 1 51 45
(P. R. F1) B4l 0.05, 0.25. 0.19, %45 R UEH] BERT AR 2 AR SCHR & 15 Be ik 4514 D) he
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WU BB TR G AL 4 2 5k . DL SVM AR AL 27 2 Sk Ao 143 JS ) 544
IEFFAEA IR, AP AR SCHRX AR G BE RS A SCA . HIRZFHEAIIE, 2™ HE R
SARITERE. T BERT BERIBEGE AT R )il . AT AR AL, TR FARSOR 23 2R 48 55 T L3
Cil/Ns

3.7 RADH

ARSCHEIEE A PUIERE SR AL AY BERT BEEUAHFFEX R, il it ik 6 P igiigsare, ok
IINTIZAT RIS I . 3R 6 T AT R ARN A5 D BRI HABZE I R, 51 3s HoAth
SR DI RERRFIZ I B

*x6 REBEE

fii gL 123 12 6 3 3 12

515 0 390 129 129 93 39
AHOCH 5 9 153 474 144 156 57
Jrid 0 57 114 1473 441 9
SLLG 6 42 48 474 2073 36
250 15 9 6 3 12 138

M1 6 BATATLIA H, 2" FRaRFOy “5157 M “4hg™; 5157 ERgaREy M
RBFFE™ 5 “MRHFTE” FEBGRy “5157 M LR TRk BRI LT R
EEPARPUN TRET; AT EEPERIUN ET o SO, HOCAT D RE R A B Y O
HRHE, ARZ RN A BABORAFI RN, SRR T IR~ T BRI B UNMERE , HEIT HH IS4
IREBRATRIL .

4 % iF

ARAEAARREIROE T, SR T I B 12 # AR SCRES A RE SN ik b A T iF ot . it
VTSR 53 5% o3 # 1 BERT AR AL A G IR BE 27 2] A CNN | LSTM ML Gedll gy > 5% SVM
MUNPERER I, SCInE5 R, BERT BB ELA S MR ERE . e, @Al 5| ATRVEH I,
T BERT AR IHRELEFITRIRZE T, FFRhiZsl Rt i 7 T 047 o
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Research on the Recognition Method of
Academic Literature Structure Function Based
on Paragraph

LIU Zhongbao'” WANG Yufei’ ZHAO Wenjuan"’

(1. Key Laboratory of Cloud Computing and Internet-of-Things Technology (Quanzhou University
of Information Engineering) , Fujian Province University, Quanzhou 362000, China;
2. Institute of Language Intelligence, Beijing Language and Culture University, Beijing 100083, China;
3. School of Software, North University of China, Taiyuan 030051, China)

Abstract: [ Purpose/significance ] The recognition of the academic literature structure function is an
important research hotspot in the knowledge mining and analysis of academic big data. It is helpful to
understand the academic literature from a deeper and more fine—grained level through the effective
knowledge mining and to promote the development of semantic understanding of academic literature.
[ Method/process ] This paper investigates the recognition method of academic literature structure function
based on paragraphs by comparing the recognition performance of Convolutional Neural Networks (CNN),
Long Short—-Term Memory (LSTM), Bidirectional Encoder Representations from Transformers (BERT), and
makes a comparative experiment with the traditional machine learning algorithm SVM. [ Result/conclusion ]
The experimental results on CNKI corpus show that, compared with SVM, LSTM and CNN models, BERT
model has better structure function recognition performance, and its F1-value reaches 0.66 in the overall
recognition performance and 0.79 in the specific structure function recognition performance. In addition,
confusion matrix is introduced to analysis the misrecognition.

Keywords: Structure function; Academic literature; Paragraph; Deep learning; Recognition method
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