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Abstract

The idea construction of ancient Chinese ideologists tend to be built on the basis of
explaining early ideological claims. Therefore, finding out the references owes great
significance for the research on ideological history. However, it would be much too
expensive for both time and man power if we only fully depend on human experts to
label the literature especially when the literature is of large amount. Hence force, it is
of great importance to develop an automatic method to facilitate experts looking for
the reference items. With the development of natural language processing technologies
typified by pre-trained language models, the ability for processing and understanding
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natural language has improved a great deal. Based on these observations, we propose
several unsupervised baseline methods to automatically detect the references to early
literature, which use either expert knowledge or deep language understanding tech-
nologies. To testify the effectiveness of our proposed method as well as promote the
application of natural language processing techniques to the field of Digital Humani-
ties, we take the literature of Ercheng referencing early Confusion classics as example,
and construct the corresponding labelled dataset for reference detection. The experi-
ment results show that our ensemble method based on pretrained language model and
contrastive objective can accurately detect whether there exists reference. Sentence
level reference detection achieves 87.83 on ROC-AUC, while paragraph level reference
detection achieves 91.02 on ROC-AUC. Further analysis show that this work can not
only help automatically find reference, but also improve the efficiency for the expert
finding references. This model has great prospects on organizing annotation, text trac-
ing, duplicate literature detection, reference statistical analysis and reference index
generation.

Keywords: Reference Detection , Digital Humanity , Ancient Classics
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URiE S BRI F 2 5] BARRYTAT i BUMA) 718 UHZE & B 6 5| B IROTIEENNASE LK

RN, ZAGKE| T NSCIUIEEFRR ISR, B AR T 2T R 5 IR 4
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P RANERME A G ATIE R . (BN 5%) F (F5) JF30 a1 12638, F Hi%
RS SRR 2 — AT TR, R —BRSC, —BUERE, Fr5| R SRS B B -
X1253480 AT LB AT ET, AFEFMITINA - AR (1 51%) R TIEH A pHib
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FIEUCECHR N EAEICE - BN, &R SCA RS (source), & HIFR B s, 59,0, n, HIRLAK
NT (target), BL&BIFRFEBE N, to, oot o EFHFIMS B ESCAT B XA KE - 1
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FE2E S E LUK B R SUE BB A S HITACE A, AMZEICELR 2 BRI £ R
BEYHER -

AR K HE T X I 2 ) BISIMCSERE 2, DU AE o 3CiE B B AT TN R
f)Sikubert (base) (FE Rilet al., 2022) R E:Al, FEIF AT B R CARE FHRHBGIES
1Y (masked language model) HFRFISIMCSER BN H2z>) BFr# i@ Mg, K2E>115
B FENS & HF AT ORI S5

MBI TR, SRR — X B AW FUR SCARSHN B R SUART, A 57 8 Se e STIT R A 5 N
NFFIRIRZECLS, 13%8]S" = [CLS, 81,52, ..., sp|FIT = [CLS,t1,to, ..., tufERE A, 5518
I SIMCSER R BISFIT & BN BN FHIRTRhE g, b, b, -+ hSFARL g, WY RS, -+ hE o H
B, CLSATATER B FRATT 5, HX R M Eho s WEREBAN A FHE L BLEE1TAFIM
DUERE, JRSCARSH“BENERZ R, BIRIATHRRZEMREN - H£ASIMCSERE {5
NRIRS=[CLS, BE, N, %, %, 2, R], T'=[CLS, kX, &, Z, %, %, &, #]. &
I SIMCSERRR 4%, X TSMTHEE—1FRF, #SBR— 17684 (4EES BT iilgk
BAREER) KRR LW ENE—4EE D — S8R R -

ZJE, WFSHTHERZILA Mk-gram (KCH, KERNKAE) |, ARBFREDTHPEA A
BENTTHESFHTH BN B RN - i+k— 1R« j+k—1], FEFER[ :i+k—1FIR; :
§+k— 1) Z B EIRZABOUE - [FEEZICEAT Rt 7 E R, ARkTE T LT 12 A,
BB 2 B 50 3 12k TC A T AT B A AR ¢ BE 0 BUBURE A8 5T o Oh T B RO B AR U K B KT
SRR UCECAE R 5 B B IR, AH ST TS OO AE A 45X A BLURE SRAD 35853 B AR SUARKT AR
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(m —k—1) HATHTLAERIICEA & . BERTETEN T

cos([hf, hf—s—lv B hf+k71] : [h;, h§-+1» T h§'+k—1]) +1

SCoTek = Z 2x(m—k—1) (3)

i

if slicitk—1)=tj:j+k—1]

FEE, XEmIBRE SRR E, m -k — 1R B SCARFRITER M-

£ BT, <den RERICACA R T B, O AR SEAS R R B ) i B
A BB N N IR RS, hiFIRY, hE o ABFFARAEELI TSI I RRS, hi A HAL—
N5364ERT A &, TR NT6SHIB MR, At A I AS364ERI A B (B AR 1
ERMEIFER) o XFESERESFIT WIIE T — M 15364ER M & - X P [a & REHER
FeSenr —ARE L, BEERNGS TSHTHARM LRI, FEENTmEE8EIH AR -
N T EEAAWMES T e AR E R, 4B R A R XA U SR X B A =
BT R o R T (AR SLAR LB FITE B RFFFEO ~ LX MBI, ARBFFN %A LB EUE i T
UG BR DL2BETE AL B 1E - oA A — D ZnH B IEEL, sXHEARE] T scoreo i ETHITHREGE
M EFRLAG, Horr6oh BV SR T H ZInH R 1ML

B, SFARRKEFKITHER B score, A SRR E I ERE H-HAT BRI, 53]
AR TG 77 7 BOg OB A 2 AT A8 EEPRrngEd, —o
HXT RN E RO, RIE R —ICHICECH R AR KK, AR AE R —ITHNE LILHE, —T
HRINERF0.2, =ITLHMIER0.3, HICHIE 0.5

scorengram = 0 X score; + 0.2 X scorez + 0.3 x scoreg + 0.5 X scorey (4)

4.3 ETI)IGE S HEA A 718 LT T &%

FEAC IR IR M B PR A2 TR R S B CLS TR 2 0 Ry B2 SIMCS A
RIS 5 HIR ) B s TCBR RO T ORI R B ZES X R (WELFFR) « GaoZ A (Gao et
al., 2021)F5H | SEIH H2ES) B ERIRE R0 T I FE R RS T 0K 5 A A R A A T2 ]
HIVE R . B, BAEATEA2T RS RS, AL, R, BT 2 AR
AR S 4 72 30 A SRR (BUBE 28K

cos(hip g, hp ) + 1 (5)
2

SCOT €sentence —

4.4 BAEAMTIE

R T EE A BT R B P = FREAR AW RIS, AR B E T =R T ERNE A
HIWT % IEAAGRR, HAEERWME SEA. ANF5F, B+-aF, F/F4a
F, HN+FRF a0 B, <N 54177 PR B EE A& T R FNRPSORICE AN 74, “F
FF P84 277 R B BB T I G0E 5 A B fF 7 BOiB IR 7%, <A77 $84.370 HEE R 02
T8 S BB R A 738 LR T 1% - SEE GHIWTER, AR50 = M7 A5 21 40 4
BOEATINECEES o FESEPRETHES, AT RSEEN, AF5REARE T4 B B804 0.5/
FE AT « FRIELEI & 8 LRSI LE B & — N BE R PRAINT R T EES I H R R .

5 SEI

5.1 SLRRE

AR CR F BIBERTEE Y & 76 PO 4 - v SCOIE R B3 47 T 45 BSikubert? (base) o H A
HIRRHEZ M EEE 768, HMAEEZEI2E, ZLFEENILH (multi-head attention) HJLZEL
120 TEASTAEEIRSE ARSI (SIMCSE ARSI E S A MR EUE55 .

*https://github.com/hsc748NLP/SikuBERT-for-digital-humanities-and-classical-Chinese-informati
on-processing
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5.2 EMTERR

KK EME (accuracy) -~ HEFHZE (precision) - A EFE (recall rate) - F1{H L
FMROC-AUCIENE N SARERAENTER - FLIROC-AUCHER EZSEAhrife «

EMZE (accuracy) ZHEERAIRINA— N8 HIER, ERIZE XN
_ right number
ACC = total number
FUEATH R TR A [ R, FUERNERZAG RERE LAY, RETEEDBE
MNP R I . X =R R E T AR

. TP TP 2 X Precision x Recall

Precision =5 pp Bl =7p7FN  F1T " Precision + Recall
Hr, TPf{F True Positive, FP{t#False Positive, FN{t3False Negative -

B2, TIRRIEMEERFIESH XK T EERRAM, EM, ROC-AUCTS
BR O R A R AE AN [F] B E N B SEPRR I - ROC-AUCERTETIN 53 H0t BN g TIER
PERNZE SRR « X T EIRVRAT DO T ZED KPP AR ERE T, B2 B E R
rREVERE, RITHIEEROC-AUCIX MENRE N M ER T LRy RYERER 25608 - iR
. DA EFERRHER R B T

5.3 AWTHIBAERLEE: V)55 B EA) R B R B

% BB SCIUET 508 X T RHEFRTR, bR T LT IR E IR 90 B B A28 1) SCAR gt
TRGE S5 HEAIN, APTFE R % O T A SRR 2 BOT 208 AT 5| IR - 9 T BB
VER B AW T BT, BT SR — MR B B R AR BE P RS &HEIH, Al
REEPEE D BRASHIRSORGHIMT B S5, A2 AW BB E 5 -

5.4 SLEEER

FERIH, AAH B —EEFIEENRE L DIRA)MEBE N B0 R R . B R 7
WA — B R B DFEAE— G A, X E B INESE A SCAE A L RFE K - R AR AT
DUEH, ETINGIESBEAANENE CRLEMBFAE (F5F - A7) BMERYTTETH
M@, B R/8 fea) 77 AR EANEE R R 5 ER IR AT 2 o 78 LB V& 1y B ot
oI, S UFERE L LR AR AL B F B B A, STHEEFUE LA E AR . B—T7
AIF BRI AR H80A A -

R, AR H#A—PEEFHE S A EEINGER . YR —-EETEES, 5
BEAEETIERE, FILER, SREEBRKRNEEZRA - U =R — 5k 2 (8 ETE
BEIRB B ERZA o BER =F TR A 7 — DB AR A iR AN an 2 A B R
ETHNGESEMMTE. ANTLUE S, ELIBE N EAR, FHMETIIGIES K
BRI 7 EE AR ] DURG SRR, BB 90MIROC-AUCHE (91.02) , HIEHHZEAE
783.31, FIH#E 186, 1A% T REMSSLPRH B AL E S H ] LWL IIAKCF - T4 A HL
&, MERRMESHE N, X5EFHIGESERE T EEE BTz EFTERBTEE % -

5.5 SCEHT
5.5.1 fFEX ST BARHRCR

HEESSIFHATER THEHAANFERB AN R E EHFRLE (B BY%) FAROC-
AUCHH - Hdr | Sikubert$s B8 F R 14 Sikubert I 2518 = MRS 2 B FORLE F %R, Fine
TunefB FE AN A (AT =2 30AK) (8 H MBS E T BEALH 17 8U80E N Y Rk 1o
A, SIMCSEFE [7] i i FH #8 5 75 = 15 7 A0 25 T dropout B X Eb 2 > 78 S5 38 P SC 2 3 1738 o7 1
YIGRsF AR B bRUCED 77y 08 RIS T 1) “F R+ A1 77 Ak

MNEHRLUE H, RS A #1718 N ISR e A ) B RRCR IR A C B, R X
B A& FEFFER R BRS IEE AR T84 F 4/ B IE 22 ) R IR, 1078 Q00 N 38 17 4k 42l
Srm] DS A7 B R R NG A B SE 40 A - Bbah, ATLUEH, R AN S B s
%$¥m%ﬁ%ﬁ%$%@%ﬁ@%§ﬁﬂﬁﬁEﬁ%ﬁﬂlﬁi%ﬁ%,ﬁ&%ﬁTﬁ%#
>] BARRIE R -

b E U S AR, 5600015561000, FE, JiE, 20224E10 140 & 16H .
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B4 | Acc  Precision Recall F1 ROC-AUC
P | 56.40  45.20  90.75  60.34 64.01
FFF | 76.49 68.79 6531 67.01 81.65
A7 | 72.83  60.26  75.33  66.96 81.57
B | Acc Precision Recall F1 ROC-AUC
P | 64.93  63.47  96.92 76.70 57.41
| 7672 79.70 81.75  80.71 84.93
fA)F | 76.11 75.83  87.92 81.43 83.52

Table 1: B AJH1BVE S0 B — B VAN ST AIRT L5 R - FATIURE T PO GRE S AL 71T
R BOE XHIAIMTTIE, A AURE T PO SR8 SR A) 78 LR HIRT T % -

BA] Acc  Precision Recall F1 ROC-AUC
N+ 7F 75.56 64.43 74.01  68.89 82.54
4] 7 75.64  63.37 79.07  70.36 83.61
FHR+AF 80.64 72.40 7599 74.15 87.83

HI+=FF+A)F | 79.15 68.61  79.19 73.52 85.99

Bk Acc  Precision Recall F1 ROC-AUC
4=~ 7F 77.64 76.59 89.97 82.74 86.18
H 5]+ 77.18 75.53 91.26  82.65 85.63
FR+AF 83.31 82.56  91.26 86.69 91.02

N +FFF+A)F | 81.01 79.51  91.77 85.20 89.99

Table 2: BAJFIBVE R AN & JTEN T AW ISR . FREAERETHOIGE S HA T B’
BRI %, AT REE T HOGRE S AL G) 8 SR AT 7% -

©
o
o

94 4 Model Model

mmm Sikubert BN FineTune
92 { MWW FineTune B SIMCSE
s SIMCSE

©
~
5]

©
u
o

90 A

©
N
5

& 881

AUC-ROC
©
S
=)

< 86 -

~
N
8]

84 1

~
wu
o

82 A

~
N
5

~
o
=)

80 -

sentence paragraph
Granularity Method

Figure 2: A[RIMERLAEA) F R0 M1 B & 5! Figure 3: SEFX H 22> HVRFE P AT IE T H)
FIROC-AUCIE, SIMCSENIIARS L2l 25« ngram (CRE T HOIZRE SR K T4
SHWENTEL, WETIEEMR RN A BOE LTI, dsRRETINGIES
HI“FAF+A) 7 Tk - TRIL A1) 77 SCUBEC TV -

MBS 51/ LIt — 5/ H, AN HZS] Bifs, T RAEEES =A%, ]
FEERIAER F R AESRFA L - MAEFRFH BN AE N EERAEERL . X2EHF
HSIMCSER B H2f > H bR R BTN B2 A SRR IR 2], T AR A A K - 3
ART AR S, IR L2 S] BAReT, 3B A 750 08 SR AT I RUR 5 747 B BerE He
HRARER, TESIMCSEMAN 22 BAR/E, PR RI A0 SCHIRTRU R EE AR Y .
5.5.2 ¥ F 45 F R T RUR

ER5.5.2F, BATERT &G0 EAREDNROC-AUCKEER . AfLLEH, REZE
FEARK, HEFEREAAENE, TWERGRE DA RBRERE FYERENERA - Xk
BINHH AR RERHE A LE— R E LRASIHERARUR . £F-b.5.20, i1

o ey ﬁﬁiﬁ%%‘k%ﬁaﬂiy’% 60001 5610171,

[EH, 20224£10H14H%16H.
(c) 2022 HEPIELFERWHHIES 4
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90

94 Stop Words Stop Words
mmm w. stop words 85 mmm w. stop words
92 A s w/o. stop words

801

754

704

AUC-ROC

65

60

55 1

50 -
sentence paragraph Rule ngram
Granularity Method

Figure 4: J& & § F12 A& ST FIROC-AUCKK Figure 5: X TFFF F BT EA#N T2 T
R SIHBERTERFENZRETINSGES #HEHITROC-AUCHER -
RR ) PR+ AT T7 1% -

—F (IE#) BIEM AL, &2, FEA, SECH

Zi (1078 | FH. BTEE=, LR CEFN, mEAR BEL

—f (HR) HANERERT, BEE, AARE
)
)
)

g2 (flid T FRZET, RZEL, sREHES
R (HhR BRary, AUAERARZE
2 (18R fL7E: BErE=&: BXa, BN, BAZF

Table 3: F1F i BUMA) 715 X B & 51 AT R CR R B

— B T AT (Rule) AT HOIZRE S HAMFAF 7 BE LILEC 7% (ngram) A
e ERERFERZER], WEHRRTLER], M7 EHE N gU, mRE RN, 7
FE R B DL T i 2 AE — R RE I L2 B 745 R TR A 3R0A0

5.6  FEFIHT

FER3T, HATEE TN BEEREENGIT - £F -7 F, 28 G8F) FEEC
FA ) 7, T AERIRRE B IRCE HILX AN, TR TR T i 5 128 Z 1B %
Ao BECXMMERIE, Eh LR AL MG TRECAT KRB, BT HREKEENZ
O TR TRERALRR CREERE Y B R THI) L2 5 AN 5%
FEAEARKHIBRAR -« FlTT4R H B2 T IO SR VE SRRt ) BARi T A D RERS i B 7
VR SO T R TTAR AP AR T 3X A (Al «

KT TR AR, BB T ER AT T AR SRR SR BT “RAE T ST
EZPNLEFZHARENE, XE TR RERH -4 L RN0E, WA RTREZIZ
MSAERT XA UL - AMEEA TSI HERE RS, IR FHEE S LT IORGEEH
W, WPETE R RS AR H R - X R 5 B AR R A4S AT REFAE RIS, T AR ZE4RSE
R XA SERCAIWT « XTI, REER “Rar ELE AT P A REEAEIHARIK
&, BTUCAEEVENERIAAEE, (Ho2 “Ran XA UIAE RS M 3R £, #ER
ZRE P EFAETLUMARS, WA 58 HAMNER T -

6 4w

ATLEBWIFT T AT B BRI A E AR AR SO B SRS, A TSI
IR RE SC - ASCIR M T 2 M4E & T S ARME T I R1E 5 AR H 2 3] BRI TC I B E 2k
7130k B shE o Bl B S A AR R AE ) & AR % ST A5 A - O TR AR
A, AU AR BRSSO 5 I 0, A 2 R R R 5| F r K
PERERFAEZEIEE LT T RELG - LIRS SRR IASR H W T PO 28 5 AL B 745 Fr
BMA) 7T E & HIAT ARSI EIRZHEIN, 7 BB RES T XA M ERcR R Mts
RO - ASCRIT SR AE SRR . SO G - = S E L - 5IRST i - R
5 SCHRSE i (555 T B8 T il B L P 5%

[, 2022410 14H & 16H .
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E400)

AEREZERERMEESTHE (61872402) H & 3 A 4L B M & & £ 10
H(1TYJAZHO068), HJ AR L 55 2% (AL 5018 5 KRB &, 21PT04), 1
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