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Abstract

The subject-predicate structure constitutes the fundamental syntactic framework of Chinese sen-
tences, and its precise identification is essential for various downstream natural language pro-
cessing (NLP) tasks, including semantic parsing and information extraction. To address the chal-
lenges posed by the structural complexity of Chinese in recognizing subject-predicate phrases, this
paper introduces an automated identification method based on Conditional Random Fields (CRF),
aiming to improve both the accuracy and robustness of recognition. Using the Tsinghua Chinese
Treebank (TCT) as the corpus, we constructed a dataset of 39,595 annotated samples. During pre-
processing, custom conversion functions were applied to resolve encoding inconsistencies, and reg-
ular expressions were used to demarcate subject-predicate boundaries, followed by annotation us-
ing the “Begin (B)-Inside (I)-Other (0)” labeling scheme. The data were formatted into “word-part-
of-speech-label” triplets to facilitate CRF model training. For feature engineering, we designed a
word2features function to extract multi-dimensional features, encompassing word form, morpho-
logical variations, part-of-speech tags, contextual tokens within a window of +2 words and their
combinations, sentence boundaries (BOS/EOS), and affixal information. The CRF model was imple-
mented using the sklearn-crfsuite library, optimized with the L-BFGS algorithm, with regularization
parameters set to C1 = 0.2 and Cz = 0.1, and a maximum of 200 iterations. The dataset was parti-
tioned into training and test sets in a 9:1 ratio, containing 35,635 and 3,960 samples, respectively.
Experimental results indicate a weighted F1-score of 0.7459, with F1-scores of 0.7541 for I-labels
and 0.6739 for B-labels. The weighted precision and recall were 0.7675 and 0.7257, respectively.
While the model demonstrates strong performance in identifying internal elements of subject-pred-
icate structures, there remains room for improvement in detecting initial boundaries and handling
long-distance dependencies. This study confirms that integrating part-of-speech and composite
contextual features enhances model performance, offering a valuable reference for the automated
recognition of syntactic structures in Chinese.
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1. 5|8

HARE S AL FE(NLP)E N T BRI AZ Ok e —, BTEMETTELRE RS AR . MRREA A AN IGE S,
MRN8 AR MRS B A R 2 S BRIV R &, NLP fENLA B e SO, 1B
PreAT 55 RS 7 R . SR, FERFSIbREIX — L L, RgiiLas s ) B KR A A &
RIME - Ay % SEAR R AIINER)VE N T FUbRE BB R, v T ARG M SO F 3R B R o 1R
R RIS, AN ., M4 BFRRIASE, 205 BB FiREREME. & RS mHN
FHR R 1]

WL AR, FE TR 24 ST NER 515, i )2 45 4 X ) KA A0 12 M 48 (BILSTM) 5 CRF FRIVR A 2844,
CRA T AR A E RS . X R VEE T M M2 3 3% SIRHER R, e 1 S B N TARHIE
THE. R, XA E B AR KRB oK & B AT S BRI RE . Y T R
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PEZE DA SAE N EAR 5 RIS KU . M T, ABGRINLES 5 ) J5 ik, Rl &k IFRENLI%(CRF), &
AR AL PR EE M A B R I AR B, FEREE B s R R I tH A K 564 7). CRF @i 2 sURHIE T
RN NG 5% 00R, SRR E H 5 T8, ERIRMBA TR TH 5T 6 52 BR Bl 22 ml AR v A 4
B, W FESCERAREE . IRRIRIE S 0T BRI RS, B HERENHMER].

PUBIE NI T ANE S, S REAMN, HABVESC R EERBUE 7 AR IR R RIE, XD
Hra sk 7RI PR . SR SR R DUE A T I A BT BRI O AR, HLHER R TR 2
NERZECHEE ., FIEGHAMURSRERN TFRIEAREIERR, BREAATFER. EHEE. B
TE A ARSI SRR . SR, OB IR EIEN H R G 2 EIR M w5, BOBE TR, i
RPN AT K, FEAEE SR KEA—, AT DR RN, ] DR AR TR
PR FIBGAIEAEIERFIS ;. FX, JOETIEE. AR EE A% S 818 R v REAE
g, KSR &5, FE. E3h. ZiEEIEA SRR A R TR R 3],

BEXE FIRBRAR, W90 SR AR T DOE G RLE K B SN A, B R T AR B2 (CRF) IR R 5
Fo BAVRGMEHIRR T RHIE LR AEDUERNE T o A 8, BAERIZ LURBEFLI . (1) 7E£%8 CRF
REHLTR, Al FRRRAE 20 G o0 DOE E B RE R BN A RL? (2) WS B S 1R SCRE Qe B [ 42 350 1
RE? (3) MBEAYTE Ab B SR Sl A B B A 7 T A7/ TR 8 JRy PR 2 Ry [E] 280X e o il JRATT I 2 - R )
R EE(TCT/973 BEEE) R I 1 39,595 AMPRVEREA v o e B 4 o ERE AU A b, AT ikl
W Ak BRSO YRR R, TR L-BFGS AL SN CRF B HEAT I ZR[4]. S20 4k
T, iZMERLE FEEE IR AR SS EEUE TR F1 A 0.7459 MRS, A iE A ARSI FL (i
0.7541, BEMTHRRIGIFCBIN 0.6739. IRAWFAIUESE, I8 MERHME S B R SCE B4 AR RE ST
TUBAE, (ARIBTE AR BE K R S AR B IR, FLE NFL 12 DM ES AL R T HIEKEE
BRI LA R o ARBFFEAIGUE T 15 Gl 88 2 > J5 A4 8 DUB AR AT 55 R A 2k, 5o
T2 BRI 5 R Ak g5 iR 4t 7 e S R 5 e 255 (5]

2. =R

SCECR A CBARIRED + FHRTE S MIRG RS, BEAAREARNELL A E VAR O B R RS T
AR, RHE LSRR, BAZGS MR, tEREVHL S8R T . SARTIRIAEAN, T8 R 5E BE R 52 P
6171

ARG Z 1, SCEIEFREE - PUEAEN EE(TCTME N IZRER . ZIE R E G R B AE 5
SCERE A, FET 973 UHSCRE, B4 100 N TAREGER, . 0. AR gl
R, FRIER RGO 2 T SIRAE R B . AR F B e B 51, KiEHEHN
PRI AL, B OR S SUBREA /3 A 3 50, 38 G AU {22 5 i A 28002 4K R

FRAEJZ T, B 70 A IR N IR . =l 34 = B v S 0 o BEAAR AR ieR 5 1 %« DRl PR SR E 2
R SCRFER SR AR IR )RR SRR AR SR 1 W S AL E AR B AR RS T
RIZAIH . Fenlth, 5INREZERHME, FIHDOER RS “F” “M” “Ab” SRt D Re rRs s, s
BERONE AR HA )2 AR 7T, FrARHAEIE IS one-hot wfd 4% 4y — i ) &, #4/8¢ CRF WU P 514 -

WAL Z T, B 7E KA sklearn-crfsuite SEELZE M 4E CRF. 1%/ZE%E T CRFsuite Jidf, SZHF L1 A1 L2 1EN]
1, AT B E, A EEE SR L-BFGS, HAE b P RS B 4 i I YSe S0 FE PR HL N A2 2808
WS RERSHE RIESHAE, ool BN REBUE: & ENA B RS, BikK
BB ES; MRS E, EE Dz R IR, BAREM C =02 (@L1). C=0.1 (L2)fE
2 - 75 Z A IS R 3F-T 4
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BOR VR TR A R 5 I IR, F R A B VR bR A
MRS, FEIK. FLES, GER By DR B SERE, W BN AT 8RO HTIR T, Bl
BLRHE 100 ARSI A Thrie, NEHRAEIGERIC, NRSEOR IR, S
U R A SO, (BRIEDTIC S B 10T e SR

3. BIETMACTE
3.1. BIBERERE

SCEWFFAE ] BB R IR T 5 - DU AL E(TCT) o 2R R — N I T SCRE R PR, B
&R I ARESSIARERE B8], R

AR RS KPR R, Bln TCT iR RV A BT AR A T, s 2 M RTEA A,
AW FEIRAEE W ZRAI A B A VA AR, BRI VRS R, bR
T ERGHEEEERR, NCEN A AR —— R F SR A 1R KRB SR Hrh 8 2 Ui S
A, WERTE L S0 THESZ MRS, BA B R8s 2 REE9].

3.2. WiEELIRE AT

BT JRAAH TCT R R N A, HAFFEGRAD inl f, [RIBL R BEREAT# AL AL 2], DAMEFH T CRF
BRI ZR. A, B T8 A BOHE i #e R $U change_copora X TCT B SCABHAT g 4 B 5 . 1%
R EE IR

B Gt 1) JFUAa RS T REAF AR S A A — B 1), SO I BLEL A . BRATTE I Sl 2 A g
57730, 40 gb18030. gbk SFHEAT MRS, JFAEMRS I, R F R HLH errors = ‘replace’, i fREHE REWS 1L
BT .

TR ShRE: i BN FRGA LA, P00 EIR S M AR IR M S bRid, JRR AR N
B (P4 T (A EDRZE, T TAF 845 fialiE, AR O (Fift).

Bt il R AL B E (0 BHE A7- 8 9 IE & CRF BRI ZRi =74k o, BT B8 — A1 ik
Lo N IARZE A5 8 B AT 0 B o

4. FHET?E

FEZRAFBENLIZ(CREE R, SRR SR TSR RE ) 25 2D B RRAEIICIUR) F AR 2 MR s Hh 12
BRI A T A F B S B e X T SC BN GHHUIMESS, A& R IERE 06 52 P s 98
FEIERRARE S PRI, BRSO — B SRS RSB %, e 78 0 M B R SOfE BAA MRS B

FHESREN R H

T SRR S IR G E R, B T ANMRAE R IR £ word2features, 1% BRI AR N ]
EFEHC LR : AR B AR TR (LR 1) WG ROLE 2). BT SUEROLE 3) Al P AHE ROk
4Y L SR B 2 (W22 5).

Table 1. The functional feature table of a word and its inflections

1. 1A RETRHE R BIHER

AT 1A [ JE M Attributes of the Current Word HEHME B #T Feature Function
1A Current Word word
M ETH /NS 3 Lowercase Form of the Current Word word. Lower ()
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METE I T RS 75 KS Whether the Initial Letter of the Current .
word. Istitle ()

Word Is Capitalized
AT 2 75 4N KRS Whether the Current Word Is All Uppercase word. Isupper ()
R i 2 75 N EFE Whether the Current Word Is a Number word. Isdigit ()

Table 2. Part-of-speech information feature table

2. AMERSER

1] ME4F1E Part-of-Speech Feature *RF{iF B %1 Feature Function
24 Hi3A A3 1 Part-of-Speech of the Current Word postag
1A AT 2R Part-of-Speech Prefix postag [:2]

Table 3. Context information feature table

3. ETERHHER

35 B Context Information 'FFAIE B % Feature Function
T —™ i & H3AE The Previous Word and Its Part-of-Speech —1: word, —1: postag
S — ]} HA7] 7 The Next Word and Its Part-of-Speech +1: word, +1: postag
R AN1A] X H 1A 1% The Previous Two Words and Their Part-of-Speech —2: word, —2: postag
J& B/~ L H 1A 1 The Next Two Words and Their Part-of-Speech +2: word, +2: postag
FHAR A ) 2 545 iE Combination Feature of Adjacent Words 41—-1+ 0: words, 0 + 1: words

Table 4. Sentence boundary information annotation table

4. AFBREBIRER

)1 Sentence Boundary 'RFAIE PR %X Feature Function
A FHUEFRIC Sentence Start Marker BOS
) F45 ] AR1E Sentence End Marker EOS

Table 5. Feature table of a word’s prefixes and suffixes

%= 5. IAERTESHER

18] F) B J5 R4 1E Word’s Prefixes and Suffixes Feature HFAE B # Feature Function
MHTE S — A5 The Last Character of the Current Word word [-1]
1A ¥ 5 J5 P A4 The Last Two Characters of the Current Word word [-2:]
T FHT = AN F4F The First Three Characters of the Current Word word [:3]

5. BENIG ST
5.1. FHHEHIAIREELR

% AFBEHLI7(Conditional Random Fields, CRF) & —Fi 7 X7 FIARER AL, |72 A T B IME 5 A2
H 2 SEACR I (NERT 55, TE5] 5 8B40 $28), X EAFEOR . CRF FALE 2 SR AR 43 A1 S Tl
JPHIRREE, e 705y FIFH R SO BRVREIE R, NI 7E 7 FUAREAE S5 R R B €. FoAZ 0 AR i
RHIE R BRI EE 751 S hR2E 7 HIBR R K, B KA AR

»

T
i

4
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AW TEH, EHMM T sklearn-crfsuite FERSEHL CRF B, AZZEIRAE 1 RLA0 I ZRAn Tl D e
SCREZ AR RE LT %, 8 A A BB E R 4E . CRF ELEE B AR A 508

P(Y|x)= Z(lx) exp[iZﬂkfk (VoD sx,f)]

t=1 k

ﬁEPP(Y|X), X AWMFF, Yy IbREFE, Z(x) RA—ET,  f, ARHEREL 2, ARES
5.2. X¥IingEMMERE

AT IIER CRF #81, SF G5 R 0 NIl SR AR 4L

HARER 7 N T RSF AR R J1, B4 WA TE R 78 B 4 39,595 NMRIEREAR AT/
FEREALR . R 9:1 LB, BNZ) 35635 MEARIENINGSE, TSNS 50040 FRZ 3960
AEEARAE NS IR EE, T AR B R AR B, BRI 45 R 2 W
5.3. 4FAEIREN

FRAE TR A& CRF MEALVERE R OCHE, B 70N A 1 8 28 DU 15 Re A TR v ¥ 38 B0 R Ak 52 X R %
word2features. 1% EAE M+ P50 AR — A, MR TN 2 2 OCRAE, WAl i, TR SCE
HARES, THE IR SRR . e, IIZREEAIINSE b (0 — N0 TR R ey —
ANRFAE 1) 58 2 91 S FERT R R RRAE e 815 ) 1 RS RY T L A B R A A A% X[ 107 o RFAE [ 2 PO 248 FEE M P9 7852
ARG 5 2 AR VRS AR BT
54. HESHQE

WE CRF A H(IE 6), BFFIIGEE. ENREL HARERREEE.

Table 6. Model parameter setting table
o RESHRER

Z4 %4 FK Parameter Name S4B Parameter Setting
% Algorithm Ibfgs
N4k R % Regularization Coefficient =02, C=0.1
B KIEARREL Maximum Iteration Count 200
FCYFITA AT BE#472 Allow All Possible Transitions all_possible_transitions = True
FFJ& #i5 £ Enable Debug Information Verbose = True

Hrp, JEH all_possible_transitions=True X, foVFERIAE I ZRid #e b 2 SR BOIRAEHRZE, W B. 1.
O ZIAIMERE RS, AN DA o T8 S REE BRAR 25 17 1R PR o 35 1 B ) RE 1, A Rl
25 Hb B b 22 ) BB R AR SIS o R o 1 verbose = True 1E T, 78Il 2k 72 b B V40 A9 3% A H
E, BFEFRERKUR. PR E R, S X S B T Wil Zod 72 2 15 1R DL
BR8] R SR A R E B, RUE VI ZRod 2 10 328 W B A e 54

5.5. {RBIEG,

HIF 50K 4644 BE L3 (CRE)RE RS HEAT PUIE 218 G5 A IR AT 4%, 7015 1K 973 W IE R4 b 152t 45
BN 7 Bin. BAIEAAMEGEIA BIINAL F1H 0.7459, HAmBUE#HZE N 0.7675, IIALE RIZK 0.7257,
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TR AL EAE ST R T A R, AR TSN R T 38 SR, AR AR B
AT EEME, B 76.75%M IEHI

Table 7. Table of Chinese subject-verb structure recognition results

= 7. CRF BT IBEMIRANEREER

R IR 358 B #7%% I R4
Evaluation Metrics Weighted Average B-Tag I-Tag
K2R Precision 0.7675 0.7207 0.7728
5% Recall 0.7257 0.6328 0.7362
F1 18 F1-Score 0.7459 0.6739 0.7541

Table 8. CRF typical recognition errors of Chinese subject-verb phrases
= 8. CRF i IBRIBARBINFIEIR

RIS Error Types Ltf5 Proportion ML 2245 Typical Cases
AL UG 1A 5 #) Misclassification of Starting Words 42.3% H (0/B)
R 5% Boundary Recognition Errors 37.7% (0m
FiJ17] 55 15 % ) Misclassification of Adverbial Phrases 15.2% #.(0/1)
HAb4 1% Other Errors 4.8%

WA TR FRER T, BRI B F RS MM E S E AR, RIS 72.57% ML br BB 45 . FEA
AT ) LS 2 DARSEAE AR 34676, /& B ARSEAEAE 3919 1) 8.84 fif, FEUEALN FIH 4 Mt ih B
R B J7 8055 -

Wi 7 foR, B PRAR AR UIAAE R E 2R, B % F1=0.6739, 14#3% F1=0.7541. B 5%
H 1B ZAN 63.28%, BIEE 36.72% 1 518 245 ML UG TR R B BB IR A, (B TARZS R, F1 {EiX 0.7541,
AR BRI BB G M PR AY,  (E SRR TR A RN, S8 T ARSI & 7= A B iR .
R R A3 8 BT/

6. WHie54ie
6.1. ¥

W 9825 T 25 A BE AL (CRF) M 2 I D0E E 18 FOE SUNA Y, 7EIREE FEUS AL F1 {H 0.7459. K54
Z0.7675+ ARIZE 0.7257 PERE, HA B IESW AT FR25)F1 EIE 0.7541, UESE TiatES ER X
HAEFEE AR IR A A M. X — RO ELE T, 7EJ0 T KRS bR £ A A 5 TR
AiE T, 8 R A URHE TRERNGE 5 AR, AT BRI it TR & ARkt i 2, H
ER TR R IEIE S TR 2 SRR DUIE M 3 5, R T AR LA A ) T VELE R E A0
WA B AR o (EBAY M BEAETE BB TS M E 2 5, TR BCRIE T B %, HAKCEE B (i
X—IGIFAER AN S EARAL R R, /2 CRF AU S BT 8K, HAE NZNMERERAY, AR5t EAORR #8
FHEE DA IS R, Ok BB R E B AN L . B IRECK IR SORHE, T POE Hhil L

WSS E TRE B 5E & EBRIE, word2features BRBURMTIAE . M. L N S HERE, H
AR SRR — R ER KRN TIE S F5IR, BEARMmEMME, B a6 44510 7 1 B 7 o5
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“ETOCPHET AR EE R, RINT SR F MR RS RIS, 5RO & AR AL RE
AN TRKER AR EEEAE, 0K A W A AR AE(n-1+0:words) A Re i #E 1A YE 5 BN TR sy
RHFRER, MPGEFIBERAZAPHEESKRBIZIFE L H, W0EEAS 31 R OB T8 I #1a ——18 X
B3,

6.2. &g

WEFEAT X PUE BRI B 3R B Bk, 38 AT 2R AFREN L (CRE) P SIARTE DT %, M &
39595 MARVEFEA I e T R AR AL . Wi aR A WL BRSO A S R RRIE CAEAESE, RS B
FHINAL F1{H 0.7459 BITERE, UESE TiEVES bR SO G RAEAE AR TR A R, HAZ O TTEIRAE TN
BRI IR tH B IR, Qb 503 L IRBURIE 5 SRt T & L T B HIHE R IR AT,
PITEESL I “IRTE - A - ARAE 7 = o A He AL B RURE S R AEARAR AR T O [RI R DR AV R A S5 1R B 2%
HFE ZMINANZITER R PR E——VE BV TR 2 SR A B, H %2 CRF ZRMERESUM 23R, fE KB E
. Bk BB SR IRIL TR AP RA AL, FEARA M SR AE TRE A Wt P IR
i VA2 AL RE ST ARORBTFURTIEIL AN “ CRF + B2 M4 7 (IR & 2 R E @B RR 1], 45ia
T B 2 2 HAREMAF R IR SEBURHIE TAZ AR BT, JRIR N IR ZAE AL AN [F) DU AR 450 Hh & T
WU, Dl GEbLas = 2] 5B AR AR A v I N SRR AL T 17

E&WE

R T A SCAE R ST 5 3 A 8 SO 7 T O R R B, SRR RR (R EAE g ATl A AR
BN ENE R 5T HE#ES 2024CTCROS.
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