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Abstract

Machine learning methods for financial
document analysis have been focusing
mainly on the textual part. However, the
numerical parts of these documents are also
rich in information content. In order to
further analyze the financial text, we should
assay the numeric information in depth. In
light of this, the purpose of this research is
to identify the linking between the target
cashtag and the target numeral in financial
tweets, which is more challenging than
analyzing news and official documents. In
this research, we developed a multi model
fusion approach  which integrates
Bidirectional Encoder Representations
from  Transformers = (BERT) and
Convolutional Neural Network (CNN). We
also encode dependency information
behind text into the model to derive
semantic latent features. The experimental
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results show that our model can achieve
remarkable performance and outperform
comparisons.
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1 Introduction

MEATRENEDER  ETEEARR
oA AT R A A X BB L o 2 akiRAs ¥
R — MBI RAAR AL R
(Financial Technology, FinTech) © B AT FinTech
T8 AN B A% F K ¥ (Natural Language
Processing, NLP) 4ty » i @4% 5 2 8 S0 F
W o7 4 7 BHE R BRE % LR s AR B 4y
HRRE o flho > BRI 4 54T A AT R
FHNRETHEH O ELREP LBl
¥ % 49 7% 5k (Sohangir et al., 2018) ; i iB4R4T B
ITAFP MR ERGE S LEHE X
B B DA BOR T MR E 2 A5 oK (Sakaji et
al., 2019) °

CAAE 5 7 B UK B R 0 £ B A
FEISMAR K A 5 R BHAE LT
i 0 REARSM X TN EBARERTF
Tl ZRRFUBEHTHFTALENE
AT PR TRMEN T - [EF @5
Bo iR AMABRIEREAZAETER
MIAFEZ S L HEERAERERF 6 R
BESMEN EZRIRZ— ° Vilas FARLE
HEHERPHERTSHMEFFOBE o4
ERBTBERFARBIEEMFELTES
BhemiE > EHEXNEHNEBESFD A E
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1 (Vilasetal., 2019) > % & wA| AAL 448 £
89 X3 3 Au S A 0 ABAE T IASE AT HA T 3
Fo B P EA F B AR B F 3N o A8 BT M X
FogbARHMELNTHLEE R
N RE L2 R AR ~ iR 4 ko 4988
ToRL EERAR IR BB BT o 7 AR
R BIEEEE R L RAAGEI > ko
17 E 3B $IE b 09 B0 B AR B — T8 BBk Bt
#)4E# (Farzindar and Inkpen, 2015) ° % & X
AYTHROLSSEHFRASMEBZRK
B b R e FE P A R BT LA T M e
BARZ M AT EA MBI - wlE 1 896 F
T ERZRBEAKREZ "BAC, B #F "3, %
THRZ TBAC,, B—BeyB 4 X H A3 Bk
BF "3, A&k TKE TBAC, > m#F
12009, 2T~ 4 ©EEKEZ "BAC, it &
HEMBM - LA Ay REER BB
BXHBXATERHFTHBEZLZREZMA
FEMBME: "1, A TBBRFHEBZER
MAEAFMBME > "0, AlZBAREFHBZ
BEMAAMBNE  AARF TR GKRE Y
R AT ER AR RS H A ERAR I L 4k
FHAMIESXTTERRFRAEERK
Z MR E A -

=h =
e a

Not related directly related
(0) ()

Remember 20097 $BAC was at 3 a share. The
people of Greece all want SNBR to open to get
back to normal. Tired of banking notes on
Notepads

13O 5 ik R RS R Z AT B E

2 Related Work

£ R 8 2k R BB AT EATEME M IEHZ
RiERZ  EYObmARE2AR - #
PABIR ~ WTHARIRE o AR 0 FE# FinTech 3%
REHZBNER  AHSEHF EL T
B & IR B2 AT e RS A kAR IR 0 1R R GE
& ¥} & T £ ¥ (International Workshop on
Semantic Evaluation, SemEval) 7 2017 4 ## 2_
4> B A1 Fu 37 B 6 15 45 547 (Cortis et al., 2017)
MEREZTHALIRTRERMZF —
JE 48 S Fe B BRIE T IR I A3 &€ (1st Workshop

25 >
o o

25 =
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on Economic and Natural Language Processing,
ECONLP 2018) (Hahn et al., 2018) ~ Bl &
¥ & 3745 &3k (NI Testbeds and Community for
Information access Research, NTCIR) % + v &
#) 32 M 4 Bk 3E X P 8 B F (Fine-Grained
Numeral Understanding in Financial Tweets,
FinNum) 4% (Chen et al., 2019) A & % + A,
4 Rk 3 89 B F M4 (Numeral Attachment in
Financial Tweets, FinNum-2) 4£# (Chen et al.,
2020) -°

FinNum 7% — R332 # & mk Ak A0 SO B
b F B IER o F RATE EHAT FinNum
FEFE  BR—BEFRTN XA - it
REMFHBEHBT LSS EBT  £EST
B BIEFSAT R LA R B F A E B Z
FRAGH A - 8% NTCIR %+ 2B E
e 4E RS AL E FinNum 128 B 15 JE A 05738
2oy A8 > 4£75 4 4% % FinNum-2 ° FinNum-2
Ry BEER  EREEFEBAER
WA IR F OARE R ARG B AR B F B B ARAR
Bz M AT RAA MBI - EMEQERYESR
Wb I (Baseline) © £+ Baseline-Majority
AR E AR AT BARE R AT
Jr B Bt M 2 F B 45 R - Baseline-Caps-m R =&
S BF B3 ek A & (Token embedding) ~ F
JL#k 1% & (Character Embedding) ~ #3894
& # A% 2 (Position Embedding) A & ¥ 33 49
8 & #x A% & (Magnitude Embedding) > 3t 7
N s & AT 4R (Chen et al,, 2019) © F&
TRt EmEARE LB A

TLR-3 © #R A A4 444 B o) 4% & 4575
% %k 5~ 4% #7 (Bidirectional Encoder
Representations from  Transformers,
BERT) #2 Robustly optimized BERT
approach (RoBERTa) i 17 & m % 3§
(Ensemble learning) 3t AR 4% 78 8] #% % &
N EE Wl TR & R (Moreno et al.,
2020) ©

CYUT-2 : 4t¥ 8214 XLM-RoBERTa
AR AT A (Jiang et al., 2020)

MIG-2 : 4 BERT 23445 A 1% 7 o
%6 kB A (Bi-directional
Long Short-Term Memory, BILSTM) it
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IR BAEEXA 0.8 #1 0.2 (Chen

et al., 2020) -

RAEMBEREME AFHWREK
(Convolutional Neural Network, CNN) #iy A 4544

BERT
SRR
‘e @& & 6 & . | Concatenate
Notwialicit ) Output
Documents  Yormalization [\ L0 j (1/0)
Documents I l I l ] ]
\[CLS] $XXII Scott Gottlieb , [SEP] [SEP| /
s,[TTTT1) (s,[ITTTT]
Szm S2D]]:D Dependency
S
s,LTTTT] | |s,[TTTT] —_— CNN Dense .
[
[Bls
—/
: )

e TMUNLP-1: #d$ BERT 24 2@ &
F3E X 0 B2 BILSTM # 7! i 4%
HH— %X & /1 #4%) (Attention) (Liang et
al., 2020) -

e WUST : # i TF-IDF 4 s X A& Tk
BB AN X% @ 2 # (Support Vector
Machine, SVM) # & i 4T 4 #2 78 A
(Xia et al., 2020) -

3 Methodology

RH R Z AL A 22 AEAE A Dependency Grammars-
infused BERT-CNN Model » %[ 2 © St 4 @k
48 ARG TAR IR Y Bt N BERT A 2 8 %
B2 mXANE > LHEXARAG KR
HH A o B 4 ks SURBATIRF 4 0%
4 #7 (Dependency parsing) 3t 4% 45 &

48 3 P A% A7 B 1446 2 (Dependency matrix) ©

5% CNN AR #y o &5 R 48 A 238 8% (Dense
Layer) RIEARH4EE - sz 0 4F R BS54
REVBEMNDREREITREBETRR
FIEBF XN PRI R RABEE TR E BB -

TARBEVH G AL ZEREREBZHT
VR B EBREREBRHFOARSE 27
ALy Ty HIRAREEN - Blkik
REEFT R AR AN AE S B A
e BARERAEAHRT EMERE S B
EAZH B EHF2ZME - BERT BE & &
Transformer ¥ # % %5 25 31 4k ™ A%, (Devlin et al.,
2018) * T &8 BERT B 7 43 F S FAINREA -
A% 4% i BERT-Base Uncased 4% » 2,4 12
J& Transformer B3 - 768 4% E X [E# g R~ -
1# Fl Uncased AR — B XA T KRB I F
HEBHPNEAEBRIARATZETHFR - &
& Rk AN LB A I R A B — 1B
[CLS] & % 768 % E & & > SR Bl 14sE R
W E &AL EITR&TRR -

2. Dependency Grammars-infused BERT-CNN Model 22 4% ]
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ERNFZHEME I ERGFH AR EHE
MEFHEAN 0, BhlwF > £439 T$SDPW |
# TGlad, = M BEA&KAF M4 "aclrelcl ; B
LBl A 112, 0 ARITRAFMGER
R G4t A "SDPW, B bt dh A
"Glad , A R 4t 3% % "Glad, B # # %
"SDPW |, mEBRE 12, - AFXEH—A
XAZKETTHARE LA R EE%EHE CNN &
AEWMABHUEEABEZR T2 mE  ®E
HERIEMNFEE XA ERRE -
UEXATEABZRRFE AREMIAER
Z B ZKEN - #&ARS/NAN 8RR A
0 34K KR RR MR T R AT B 144 = R
THRIERANEHNXN LR -

CNN #EA R BUR B A 45 48 B8 2y SR ol 22 4

B 3 A X A#HA BERT A 2 & & &2
A2 o B XA A GF AR B AE XN BERT #
A s Bp A 438 % (Transformer) #4272 475 %
(Encoder) Z2#% - BERT # A& ¢ 4R 45 A 69 1891
AR R P EE T SRR NS
R RTHEZmE > EHRTHRIERSE —
BE3 [CLS) 2 HxmE » GHRGFHEDE
AT AL |4 -

“ 11

r/[/ Transformer Block ;J\\ i‘;’ﬁ' /2}\% ﬁ;j ﬁ Tﬁrﬁ' é’] ;fﬁlg é(gé 7t ’ 57\ EIJ ﬁ.} 75 ﬁé‘

| | I | | : | (Convolutional Layer) #2341t/ (Pooling Layer)

BERT ransformer Bloc N ,
(e Tgptome Bock | (Murugan, 2017) - CNN 7R 2 4 & i & 18 7 3

[ Transformer Block ]

Gy s TR EER L LRERTAE
BARTTRE LA RIME - RAFXAE

Input [ [CLS] $XXII  Scott Gottlieb > ISEP| ISEP| ] ﬁ] E R-j— z{&ﬁ %ﬁ »[f%%E ]{? ,fé{i;;é; A CNN #2
Bl 3. X A& TEA R Mgk TiFed FEEHdxmEadins

BB A 128 BEZRE -

LR ESEEZIH MG ER
BERT # & & & 2 X & & 7~ ik 47 $ i
(Concatenate) %N 238 3: & /TR &FR ] -

& A7 6) 7% #7 (Dependency Parsing) %4 NLP
— IR B s 0 AFF AL A StanfordCoreNLP
B EATIRAT 8) 7% 5 #7 © Stanford CoreNLP =&
B ¥ -4k (Stanford) K2 B KB T RETRE

REXBRBTOMEMN  RTRENED oo
MOT O SRt 5 HARE S bl > 53 eV N ]
(TOkenlzatlon) ~ —u:‘é] ﬁ} 3%},?\ (Lemmatlzatlon) ~ 4—[]\ S$DPW  that was quite a roller coaster. Glad it ended well. Should see 5 in 7 days.

Top

dep:predet case
NER) #2331 4% 3£ (Part-Of-Speech, POS) % ° #¢

4 B B8 3% 7 # 47 (Named Entity Recognition, L t\TT*Ult\tdj“JJ Lb% ) t\w J

nsubj

3.5.2 Bx A B4 > Stanford CoreNLP T83% % B ]

Universal Dependencies v1 (Nivre et al., 2016) #) S
#3875 B 4% (Schuster and Manning, 2016) > it o I A R A
Xt —H @2 40 AR ZARGFMG - B 4 L o R S
F 3R A4 A StanfordCoreNLP A mARAF &) ik 2 W 000 B 0 0 1 0 0 0 0 000 00
iatlipyviriyevidrsil — R EESERRERERRISE
SSE 2 X AT R E A AR o R wii| o 4 0 5o o o w o oaw 4 5os oo
WM &) 5 A B 2k 2 AR T WA A A 3 9 SRR
AT WA AT 4058 SABETR 4 E A R TE M 14 © R A
SEMRAE R | o o 0 56 o o o 5 6o mwo e

4 FEIRARFMAAERI ] > Hysdhi
e E A XA KT 0 A H KA M A R B
B2 HEMERAMEEGRGFHG%E

4. RARAT 6] i BLARAT Bl B R SL 15
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4 Result and Discussion

A RAEA NTCIR %+ 2B & %8 £ ki X
# F £ 37 (Numeral Attachment in Financial
Tweets, FinNum-2) 4£# % NumAttach & #} & >

PR A Rk A8 B 2 45 XUFE (Tweets) T
FREARZRMLEFEMAMME - SLEHE
8 4 4 X FE (tweet) ~ B AR B F (target
number) ~ B 4% 4% 4 (target cashtag) > B 1%
(relation) SA B B AR B FAr & (offset) + A A1
fir o 4 %K1 ERERE LS 10,340 445X
Ko 70% (7,187 &) # A9k BEHE

10% (1,044 ¢)) 2 B4 ERE R 20% (2,109
¢)) HRERE RS o A KRR macro F1 43
VE 2 B B3P A6 M AEAT I o

# 1. NumAttach &2 5%

THE | EWMBE  REMBE  Af
BlE & 5,827 1,360 7,187
R & 850 194 1,044
AR 1,721 388 2,109
4o 8,398 1,942 10,340

£ 2 AR AR E F K ERERSG G H oA

S BB S R 4 R R b IR T 4]
PAEBZERER -

BERT : 45 R 4& A AR AT IR AT &) 7 0 #7

HEAE R R 6) LT R B 1E M BERT
A o
e BERT+Dep (SDP) BERT+Dep

(OHM) A & Our Method %%l & 5% 4%
L = AR G R M AL B K
A CNN #7 + 3 2 BERT #2782 &
REH > £ F Our Method BP & K
SCFf % ) 2 Dependency Grammars-
infused BERT-CNN Model °

"Dep (SDP) |, %48 B ARAR MK B AZ$F
Rl 5 484X A7 ) 148542 (Shortest Dependency Path,
SDP) it # 32 X A7 Bt /T 43k > MR ME
SDP # i 4k % 104w & > % SDP 2 kA
AF 10 RIEH AT S AR AR 5 BRAF M4
% SDP Z K E /DA 10 RIZER 0 K24k
EREA10-
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"Dep (OHM) | & MARAF 6] 75 o #7 45 41 %
# One-Hot %5 (One-Hot Matrix, OHM) 1% &
A CNN A > One-Hot 48 [ & S5 45 e 2 4%
B YL 4E b DUR 6) RT3 — ¥ EHE R
X E BARAFM AR 0 2% B3 M A AR
HAIL T, (7 Rz "0, &~ 830
T EA R

F 2. A BRI SRS BT ZARTF ) B AT B R i

Method Macro F score (%)
BERT 70.20%
BERT + Dep (SDP) 58.74%
BERT + Dep (OHM) 64.25%
Our Method 71.05%

tb # BERT + Dep (SDP) - BERT + Dep
(OHM) A& Our Method =4 E B & KT A 1
1A AR A E A4 10 R E R
One-Hot #E [ % Lo {£3% i BERT #7220 fE £

-

AT E ZARAE R 11.46% » 15 R A& RV 5.95% °

BERT + Dep (SDP) 2. 4% 5 5 45 #5-4% 0% A 34 i@ 3t
H %8 FuiFE 6 T o sk Ag A
R BARBT T Ae L8 % b RAEAF 6 T
BABRE REKRGFHGBEEERER SR
Ko SRR BRI T AR RF A ES BARR
F 1B ARAR R FRAF 4% -

AR AT AR 45 803% 3T AR One-Hot 4Ef2 85 » £
fERZHERAMA BRFEMAEREEE D
MG ERE  EFENRELEBEY
Dependency parsing 45 #0238 v 38 5] He 45 X &
F 4y B ARAR BRI BT R BB M ey RE

N X FF 4% 8 2 Dependency Grammars-
infused BERT-CNN Model /& % 71.05% * =&
{48 % BERT # A AL 3 0.62% ° B 2 2 3f
TR T REAWRENZHEA - )& RBETHE
Ak AERERF ) EoHEHMERT
BREd g F YA RGFMGRAERE 4
A TR AN BEALZE 3 H—EF E
3 2 [ R Bl A 4R 2 AR A Bl 4% > Ao A AFBUIR
RE W B A NS X E P ey BARAR R B
F I BB EA B AT PG

& 3 AHAFRAR B XA A 24 (Our Method)
# ¥4 Baseline s A2 FEHMZ TRt
# ° Our Method 7 NTCIR FinNum-2 1E#5 ¥ $F
L= HABSNF WYL - #EREEZ
HAE B TR AR EE A XS X F
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PH T RERIHMATRAAAESY Y @
T &I A K o Baseline-Majority Z 75 R, R &4
RRER LB S RAA MEE > Bt
Baseline 7 sttt & ¥k e Bk 42 - WUST 12 A
TF-IDF 4 R X A& & o7 ik 3 35 B SVM 42 2 31 4k
XA E B A IR A B PERA A B B2
XA b o gb A A 2 3 AE 8 Baseline-
Majority $2##) 10% ° Baseline-Caps-m # & 9
HABALERAB E@B T RELBHFE
RZEFGHAmE  BFEE T FLHRA
) & (Character Embedding) ~ ¥39 694 & $k A
%) & (Position Embedding) A & ¥ 33 &4 & & 4%
A6 E (Magnitude Embedding) ° B A8 &7
WUST #H TF-IDF 4 & XA &%k b ik
Z2HIRLBANALERAB EE@B P TUE
HAbEE BN F e a - Bk sbAA AR
B> WUST A= R AE SR 74 10% °

TMUNLP-1 4 Al BiLSTM #7822 4% > ££ X
AR E > BILSTM AT A2 F 3] 6) T4
HBEMG HPANBZEZAWRG TS
B3 A S M ZAER R 0 BILSTM 4
7 BT LA S B R AT Z 3K RE 0 AR A 4 Baseline-
Majority $#27+#) 1.4% ° $2 TMUNLP-1 7K F] 44
& MIG-2 Z A R Z2 A % 4838 %X, % 2 BERT 23
SR Bk M IEEERA BERT £ A X X A%k
ok 0 B bR Macro Fi Score 3% fE . MIG-
2 & TMUNLP-1 2% 4% ° Our Method # &
A4 B M 4SS B8 A A5 38 » B AS R
BARH T BARER S LT XEH
BMA LB X AT B2 FHBZEEK
AR A L 0 b B MIG-2 827+ 2.33% ©
CYUT-2 2k 848 A 4580w 24 12 tb
FIPT4E A 2 77 X A& 4+ ¥ XLM-RoBERTa # A
Z %8 F@ATHA > XLM-RoBERTa 42 4) F 4
—REERAARAE AR ZRE KA BZEEF
AT LA 4R F+ XLM-RoBERTa 45 A £ 8% > 34 4t
oA AT A 2 A A R AR AR 0.85% ©
TLR-3 % %] B B34k BERT #£ %! #2 Robustly
optimized BERT approach (RoBERTa) #£%&! - M
BRBERAAE I HEZRLER  HT T
ELmERAZER > b BEHSAH R
T fth > BB EFERAEEFHRONET
B PB BB T ERR R R A
A BB Z AR 0 AT UABL T sk CYUT-2 429+
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#) 2% R > AR ZRAETN At F PHEE
kB2 -

R BERT 44 2 7 Aotk A7 B 4 4 SR 4B
B2 h X 0 #15% — 4% (TLR-3) &34 M 18
BALIHRRAERZEZXI T ERARE =4
(CYUT-2) 4% XLM-RoBERTa #% A & 47 £ 3F
Z 7 R AR T AR XA A D] 4R B i AR #H 4
43 BOH N E G AR B R B R A BUK o AT
SR 6 ok VT SR AR UK 8 RE AL BF R 1E
JUTF JE B AT — & A Z TRBI AL AE 0 BT
WA HAPRERIES N EEA BRRE ©

% 3. # FinNum-2 /& 7542 B 24 A Lhd

—_—

Method Macro F; score (%)
TLR-3 73.95%
CYUT-2 71.90%

Our Method 71.05%
MIG-2 68.72%
TMUNLP-1 64.76%
Baseline-Caps-m 63.37%
WUST 54.43%
Baseline-Majority 44.93%

5 Conclusion

VAR F RS 0 ESh R 0 AR
Ba A FBEREZACHNEFHNE
o F AT AE XA R U AE A
BARZBTRERGZARELEF LI - K
BEAPHXRFERSLFRZENTHXF
Wy EEZHLBIATHHRFAT LS
MEEZZEN LA HLBR I DZEH
B XA T B FZ 0 R HN R RF T IRIE
BFERMBBEAREAAREOVE -
AR 4T LA R A Rk AA 4
Mlzax EHEETHEST  FELEBFEE
WHXEFHERRFAEEEZRZIHMET
BEA MBI N B HREAIRNTRFHRE
KAk o AARAUBERT BA A X & 4
22 4 3 A AR AT €] 0k o AT P AT 4 R IR A IRAF
1445 AF By 45 04 N CNN 4 > B ¥ BERT #
AT RATRAR o B R AT A8 B AE RS 1E A
Z I EAR B Z R S AR FE R AR e g R
A—#x 28 APFRHEA 42 X
BRI M A% 0 18 = 445 M BRI M 14
W A T ERERE—EFNERN
RAF B A% 0 AR B R A $h AL A B e
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SUA T 8 45 v B35 2 R R BB B M K
AEfE B4R -
FERA T ERGENGZEESE  RRK
T E R 4E A Tweebo parser & A 4F X F 34k
A8 24 (Kong et al., 2014) » BAFFAe ¥ B 1%
AR RZAERHEE AR &%
ORI M4 o A LB @RARMTR A BERT
AR Z PrRAe ) 0 i R R A H
HAREBEIXRATHRFIREAZIR AT L
MBI X PR AE N BF R E—FRAZT A
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