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O IIBFIEHICB W TR R EZ R T
hence / therefore / thus D BN W DIMEA N D 5
DEDEFIN S 72912, BERT % FW /- HEEEIR D
FREITo7bDTH %, BARMITIE, arXiv 1215
HIN TV REAML D HFEAT ¥ 2 F ZHiH L.
hence / therefore / thus % 3 X"C~ A2 L7-_|C BERT
Z T 3 RO 7D [ % i 58 2 Gl N OEH
T2 o 72,

s & L T hence/ thus D D713 13 Wikipedia
¥ BookCorpus @ & T HHFl# % 1T - 72 BERT & Lt
ARTH_E L7253, therefore D IEZZ D A hence / thus
CHRTEWE £/ o7, BUIBERT ZX—2X ¢ L
72T I K & B hence / thus I DIFEHILT DiE
WEHHIIEEEFTRAIATVDEEZ OGNS,

1 FLBHIC

B S D EMA X N 2 AN R ERIEIC B W
THEMRIIIEEREE 2R3, Fic Lo
T~TH5 o) (EEO W) 2R3 KM
BRI BV TR BN DTH Y, ZhzH
WHIZEL ZEIXRHETH 5, REET ZAUTHIET
% fR3R M 72 BAZE X hence / therefore / thus TH 5, Z
Mo DFEDHNFITITONT, FEEDIHDOSEIC
BIL T Paquette [1] DFHZ IR T 2, BB X%
thus 3R A & iR, therefore 13D 2 FERBEFE LN S
HHDOEHE. hence [ XFmEI ORI D /R LTV
VWS ik B, DF D —ERD native speaker (&
H5EDEETHENGT T EIToTWVWEI LD
5%, AWFFETIX. BERT 2 & - T thus / therefore /
hence DF WG ITF B E DIRERREDL ZHRIET 5 2 &
T, FELEEHICBW T IR S O —ED VY
DIEFIDIBD 5 DHE S D HdiXTz,

BARPIZIE, FERA 7 % 2 F 1D hence / therefore /
thus Z 2T~ A7 L7IREET BERT ICA S L. /X#
DR D 3 IREEZ @01 2 I E L i 21T -
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720 ARWFUIERMRIAZ R LTWE 7D, WT
MOXESRIT 27 —F77F ¥y ZBHHALTVWS
BERT ZZDXRAZITHEL TR EEZ BN,

FERDAER, hence / thus [ DERICEH L TlIFH
i t_"fEEDM LB R s, ZD7%®. BERT
13472 < & % hence / thus [HDEW % B 3 FEEHE 2
TW3eEZHN3%, —H T, therefore ¥ ¥ A7 L
72BNt U hence & PRET 25 — AL AL
N,

& 512, hence / therefore / thus DWW IFIZBEI L T
FEEZRGEE LIRWEEEIC X 2 PHIER S 1T-
720 BERT IZ & 2 FHIDIEERD 46.2% TH > 72D
WXL, AR X 2 FHIOIEERIL 46.1% &, 1EIE
FEDRETH o7z, F7z. hence/ therefore / thus 1/
A DHEEZ TN RITIT o 72 F2BR TR HRICEVWD D
% since / because {28 L T BERT T & % since DA,
K (recall) 73 18.04% & W5 IEF IR WE L 72 o 72,
Z DAEERD B therefore & [FIERIT since B HWV731T D
fE 2 ERECHE Z ST uniRwv e Il L 7z,

2 Hence / Therefore / Thus DiELY

GBI BT % ##t 2B hence / therefore / thus [ 12
FZENZENEEOE®RIEEL, BEAAETDH
L5XEZ D TREBROIDBFET %, Paquette [1] 12
X2r. 3D DB thus DADFEFDEMKIL in (this /
that) way & with (this / that) (fact / situation / result) T
HY, HEEREELL ZDITHONE Z ENE
. ZOMRPBERIZ, D2ORBARINEL D VD
g %/RT, therefore I3 for (this / that) reason D = I
BVWHERDHAL, FoZ D HIMEIN S MH
B &1 21%E]%HD, hence I3 as an (inference
/ deduction) DEAAE < | FmEEAY R ARG 2 Bk S %
Z 21T hence DR H 5 2 LT3, BFIEHIC
B 2 IEERRIETRT TR © Nd-o&b e
H BRI B ) TEREEAY) ZBfRZDOT, Zhoo
ERRBUIBELEIAICBVW TR X D FRITSEVWE F
ZB1EA5,
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Oxford English Dictionary [2] TTlZ. hence / therefore
/thus DEBRIFLLT O & 5 IZFHHE TV S,

hence As a result of this / consequently / From this
source or origin. Now rare. / By inference from these
premises or data / for this reason / as a conclusion.

therefore In consequence of that / that being so / conse-
quently.

thus In this way, like this. / In accordance with this /

accordingly, and so / consequently / therefore.

3 O TITHIE T 255 (consequently) 238 D, thus
DFER L U T therefore BRI N 272 Y, FmPRAY S
ZRIFMTRARE ERAZ S 12H, FRCHEB-HE
- s DRED R 2 MEICEH L TWa v
ZaT7 YADEDEL 5N B,
—77, #F Pk “Mathematical Writing” [3] 121X &
D—ANTH5 Knuth 12X 2 L ZFidhHH %:
There is a definite rthythm in sentences. Read what
you have written, and change the wording if it does
not flow smoothly. (H &) There are many ways to
say “therefore”, but often only one has the correct
rhythm.
TIZTEDNTWS TY XL pHIRICERR S
DEIFTOD, HEIVEEKRSV « =27 Y ADE
Wb EHk i 2352 OBEROITIAMET
BVH, W XEEE R TEA DERBD S
B, Tl —oRHEYITH B K S i XRHBE L I
LTHET S L FREIATWVS.
3 EEREE
TLFY Y =N aXiv) TARE ATV B H
FRBDOHMID S B, T VY — A% T 2023 45
HETIZRAINZbDETEMHEH Lz, TR 7 7
ANPHEETF R P2t 2DRNETH - 72

72, —FEXML 7 7 A VICEBLTHETF A b
O EIT- 72 BAEZTFIEEZ RIZEE T,

1. X BERTEL2NE T 7 4 L% BIEXMLY T
XML 7 7 £ WMICE#T %, CPU R 300
A IHE. FREERRRCM S rOT T —
DFE LG E IR LTRT T 5,

2. XML JERXD 7 7 A VOEETE%1T 5,

TEX D ref a7 Y FB XL cite 3~ > FIZHY
THHAE (1] LEEHZ 5,

1) https://arxiv.org/
2) https://math.nist.gov/~BMiller/LaTeXML/
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BXE— FITHY T 289 Math X 27) T, X
T DT ELZDRD 2 (343,818 2 ) D& X3 %
DFEFE, FRUUANDEEIZ [formula] & & =
Z b
3. B L1277 — XD 5 R 7D TeX @ proof BRELIC
YT 2HMaEHL, 7F A MEHET 5,
BRAZIIZ 1 DL ED proof BREEDE B 725X DL
1 274,886 fEl. proof BRIEAUZ 1,510,391 fHTdH - 7=,

4 FRAFE

EERTII BERT ZH W= 4 DO FHIFEZ I L
720 LIFTINBIZDOWTEHHT 3,

41 FHETIL

TARTODETIAVDANEIHRASI0 b—27 > 2T
%, INZHRA DRI ZFOMHIRAIA T4 7
V4 Y RUDHRTANZITS, TH8bbB. 1E510
=2 DEE 25 b—27 U FOF 5 LAEBLLEIR
 ASI L. AJTH D hence / therefore / thus 13 &2 T~
27— UTEEMRZ S,

411 FERiFNEDHD BERT IC& S MLM

Devlin & 12 & % Wikipedia 3 X 8 BookCorpus T
EHHTA8 % 1T - 7= BERT (transformers 7 4 77 1) @
bert-base-uncased) % f#H L. hence / therefore / thus @
55 MLM D227 2D EN D DEIEIR,

41.2 BERTIC& 3 3 {ESSE

<RAZ U725 b — 2 > hence / therefore / thus O
WINTHoehZ 3EPEOETTHT 2, Bk
MNiE, ~R 7 Lz —2 xt$ % BERT O
N7 PIZT X —=ZATH) 2 HMF T 3 D DERIRIC
W52 2a721823 L THEEITS,
3MESEHOIIMOBOUEE §4.1.1 DET L E
L7256, §411 DT AR L, BEEREHT *
A b T ®D Masked Language Model(MLM) O Fll## %
XA To2dbDEE Lz, LUT. 5 2Bl
72 LD BERT IC & % 3HZFHE LN, & 238
D H D BERT IZ X % 3 fEFH Y FER, MLM @
Ao Ry 7833 ThHD, Eida FEUTIIE
T=REMFHLTWS, vA 73 2RI 15% I
LTW3,
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F1

hence / therefore / thus O &5 E

AT MLM 6k - e ) — P
ence therefore thus
L BERT (Z & % MLM 34.86%  18.92% 61.95% 30.94%
L BERT (2 & % 3 {H77 44 48.38%  61.89% 35.81% 43.69%
HH BERT 12 & % 3 {H574H 48.89%  55.95% 34.14%  52.53%
2L BERT+LSTM IZ X % 3 {HE77%E  47.62%  60.46% 36.69%  42.4%

2 BERT IZ X % 3 O EEDIRELITYI

#+ 3 BERT+:iLFAMLM 2k % 3774 |4 BERT+LSTM I X % 3 fHDEHD

S DEELATH EELITH
| i i
%{ij \ LA ?ZZ;; t};elr;flozre 4T6u ls 5 Tl \ IEf# | hence therefore  thus T\ IEf# | hence therefore  thus
th;;f;e 8475 31401 21001 hence | 67345 26442 36554 hence | 72766 31814 44175
s 27399 24403 s09p7 || fherefore | 17504 29956 18811 therefore | 19074 32194 22933
thus 36240 31465 61209 thus 28097 23722 49411
. R L . . et 7 Tl DIy
%5 ABICEs PHORMGS  ®e HHC X5 FHORAIT W7 FRCLOHH
S > A hence therefore thus I[E&H
FHINIEAE | hence therefore thus || THINIEME | hence therefore thus .
hence 7 B s e 5 s 2 90 X 41.13 224 3647 48.18
therefore 8 20 19 therefore 1 3 2 00 4L 38.75 24.81 36.45 5225
thus 10 3 16 thus | | . 10X 39.07 2622 3471  51.02
20 4% 38.53 26.67 34.81 51.09

4.1.3 BERT+LSTMIC& 3 3 {9 %E

YA LTz b =2 X $ % BERT D iR 27 b
MNZ—DRTD T A 7 MBI T 5 DO DAL R
FEE L. LSTMICA I LT 3 DOBIRFUCHTF 5 R

a7 %155, AOBOWHAEL LT §4.1.1 OET
1% AV A
4.2 EREE

A, R Ry 785, Ny FH A4 X 16, #
BRSx 1075, BREAMERAZTZ Y brY -t L,
¥/, BF— X% 811 ICHT. T — &, Wi
TFT—R, TANT—&RE L, FITRy 7RI
T—=RIZOWTHERZEIE L, ®Rbd/NS L Ro
DRI R —=REHNWTT R %{To 7=,

5 SREREGR

HIEICEtIA L 72 4 DD J57£IC X % hence / therefore
/thus DFEROKEEER 1 IR T, F72£K 234123
R EOEXTIHL 723 20T LIC K 2 FHl
FEROEEATIZ T, REATHIDITIE TR L /-8
R, FNIEROEHMRHZ RLTWVWS, &7 —
A H1 D hence / therefore / thus D ¥R EZNEC 120,362
. 87,736, 116,533 T & o 7z, hence & ¥ IZHEA Y
B, BEROIEEHRIZ37.08% L5, L=205k
WFIEEERDY 48% FREZ L8R L. therefore DFIIZRD
hence / thus & LTIV, OHRRAVIZBHINFIFR R L D
MLM [ IFER R NDI,  therefore D IR A hence
/thus & HERTEWZ & 23R HHEARN S,
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6 ABICELBFREE

HIEiCHWET A b7 — &2 D 5 LA T O
X2 Bl U 72EERA 10 {2 & 26 MO 7D REE %
ED ., HAGERA 7 1 7T OREENGEE 5 %I T
F 2 PYAESHEET IR TH S o7z, 1R 1 5
THH, 26 SR E KD,

FEFRNT M 10.6 /L. HPUE 11 5L SFEIEERIE
46% ¥ 7% - 72, hence / therefore / thus {2 %13 2 FBHIR
FIFINEIC 48%,44%,32% TH o Fzo — 1. 5 HiTH
HIEEDED o7z, BIFID D D BERT I KL % 3
EAEOETNVICFEICEZ @I 25, IEH
H1% 46.15% ¥ 7% o 7=, hence / therefore / thus 12X} 3
2 IR FRIZNEIC 71%,33%,40% TH 3, K5BLS
X 612, ARI3B X BERT % 7= FAERE R 0 RAL
TH g, FHIEERIZAM E BERT TiltwWas,
MO OMHEANIAT LBER TRV Z & 3bd 5,

7 9th

BUEFERHC B 1) % $#247 7 B hence / therefore / thus
DR S L AR (R Z A ) EDBHDTH
R, THRERICE > T3 ODEOHMEE S X
CENENDEIREINE RE A TIIREE RS
AJREMEDY D B, TNEMEET 5 72D, FEIC
X o THEMERB O THIREE B X OCHEMNEENZ S
0Dz, F. HEHRIHO TN T 55
BfE R S 2720, MO FFEDOHAE O Z X
FUZ L TTHIREE 2N,
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x8 RIlO¥

iz B EHiRE
hence therefore thus
hence | 47.03% 24.01% 28.96%
HUE DI RI | therefore | 32.00% 39.31%  28.68%
thus | 29.56% 21.97%  48.47%

®o EFER DI

R HE  RN—274 Y ®RZEDHEE)
since/because/as  85.25%  47.13%(as)

since/because 89.52%  87.46%(because)

cf./see 99.80%  92.64%(see)

a/the 96.36%  72.94%(the)

hence/a/to 99.64% 39.61%(a)

10 since / because / as DIRELITA

FHINIEME | since  because as
since 4939 857 246
because 18741 171321 29480
as 1441 5932 151425

F+ 11 since / because DIEHLITH

FHINIEME | since  because
since 4532 711
because 20589 177399

7.1 hence / therefore / thus D 7h

FERTEDDHEEIRTOEY Loz RHPDIE
BRIZ, BINFIED D O BERT I K 3 3 HSEHDE
FMZE B FHIFERICOVWTOIDTHH., 7 A b
7 =R EERINC I TBOIEERTH 5, TR
TlRAEREVWZERVWEEZ S NS, FHITIEE
KD IEERDHPHDS 46% ~ 56% FEEE L 72 o 7=, IE
BRI AFENDHTOEH, KELRBEWETRVE
EZoNb, IR ST 5,

72 RIDFE

7T ¥ R b7 — X 2K 5 hence / therefore / thus D
Az U, [ CEEBHPIC S 2 iR oA
BORIMEAND 208 5 hr2ifiNiz, &8 DITIX
AT BRI, N2 ORITHIR U 7= ki R
DEIEGZRLTWS, HIZI1EX 217 1 71X therefore D
ZRIZ hence D3N B HHXBHE 2R L TV 5,

7 812 LAUX. hence / thus 128 U CTIE[A Uk
i 7% LR A S A B 56

7.3 {DEERDERE DLEE

Bt R OFEIROEE L X & o HEEDFH D 03
R e U7z, 3BINFIR7: Lo BERT 12 & % 3 fE5
Mz o HEOHEDbRICOWTIIF L D% H
Wiz, 2TOEBRERERIICRT, R—XF74

— 1600 —

X, HEEDOHD S bmZDHFEDOLEEIRT,

7.3.1 since/ because(/ as)

IEEHRIT 85.25% Y78 o7z, HH B\ as ZHITE
AT, IEEFRIE 47.13% 2725, FHIKERDOE
EATHNZZ 10 1IT7RF,

IR & as ZFRU 7=, since / because 1I2DWT B
EBHIT o7z, because E HITEA LS, IEERIX
87.64% 725, ZAUTH LEEDIEZEZRIT 89.52%
Lol THIREROBEEATIIZE 1117RT,

7.3.2 hence/ therefore / thus ¥ M ELE

IR 2 T 23ED S5 of. /see & a/the ICIEH T
2. 2550 FHKEELE W, BIFEICE L T Cf.
F THBR D DS 5, see ld T(HIZ) ST
5] LWVWOEKDENED B0, [ZIEE L OFEK
TRIZEFE CMVETHEDLN D HEETH 5, HREIXA]
HAFRIEHLF R, EBOFENDH 5 LT
W 2T 2B H B, (ZEFRCAETHEOLA
LHEETH D, ThHDEWI BERT IED < Figh
EFILTHENEMICIRZ NS EEZ N5,

—7J3C. since / because( / as) {2 DWW T since DFH
WHRPIEFFITE N WS RS HRIF LN
720 3 HAZEDEWICE L CTHLEF 4] 13 because I3HTH
e UCHEREBE 2R3, since lX3 TIZTD -
TWVWAHEBZARNRS, as TMENEBAZARS, &
FHLTWS, WINHEIFET. FUAE I HBA]
BE72 hence / therefore / thus ¥ 133E W, T since 13X
FH, because X XRICHWSHIE, T DK 51T since/
because IZB L TIE & D Z L DM R H 512 %
b o3, BENEL, ZDFERIZ. since / because
DN HIEFA DA TN Z e AR I TV
%, therefore ¥ hence / thus DEWIFICBIL T [H
D ENER B,

8 HHHIC

ZNETORERD S, therefore ¥ hence / thus D
B\ % BERT IC£:D S G E 7 MISIEREICH Z 5
NTVEVWEF R D, ZD/=®, therefore & D 2
DN, & DEMAHME TR N Z & AUREE
END, ZOMFETIHE SIRZATRELSIONRIEL T
WAIRAETHERR 21T o /2o T2 therefore & hence /
thus I DEWVWZ IEFEICHIE Z BN TVRVLE WV S HER
WENS7=00, HEWVIEIISICHIOERND - 7=
DPxZEEIED D DIFSHROFETDH 5,
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A B & D hence/therefore / thus

D3

7.1 H#iiD hence / therefore / thus D3I BN T,
KAl TEHITHEE 21T o T, T
DRFITFRDR 12 DD 1T o 7z BETEIC
MEFHITENZTNDOFEHITNAEL TWD, £z,
DEHHIE arXiv DRGFLISHED o MR E 72 57 O
XOBHBNZ NS DHEZEFNTVWEHET, EEXR
WO READH TN D, TEHITH EERICKE
REWERVWEEZ OGNS,

K12 {05
DY hence therefore thus | IF&H
math.CA | 35.45 28.16 36.4 47.55
math.FA | 40.33 26.77 3291 | 49.29
math.NT | 38.88 26.13 3499 | 52.26
math.OA | 40.64 23.94 35.43 51.86
math.CO | 35.84 24.36 39.8 54.39
math.AG | 42.64 24.24 33.11 54.44
math.DG | 38.54 27.19 34.27 | 50.17
math.AC | 40.85 24.79 34.37 | 52.11
math.AP | 36.07 28.14 35.79 | 48.42
math.QA | 40.02 24.38 35.6 52.67
math.RT | 41.68 24.17 34.15 | 52.38
math.GR | 41.75 24.19 34.06 | 55.26
math.MG | 39.34 25.5 35.16 | 49.71
math.AT | 38.75 27.04 34.21 51.17
math.CT | 39.44 23.51 37.04 | 54.00
math.PR | 35.56 28.57 35.87 | 48.08
math-ph 36.15 27.08 36.77 | 50.17
math.MP | 36.15 27.08 36.77 | 50.17
math.ST 36.34 29.28 34.37 | 44.81
math.RA | 41.31 23.83 34.85 | 51.53
math.OC | 38.17 28.1 33.73 | 46.56
math.DS 38.89 26.37 34.74 | 50.03
math.GT | 42.54 25.84 31.62 | 54.24
math.CV | 38.96 26.86 34.18 | 51.13
math. KT | 43.71 24.48 31.81 | 52.30
math.GM | 40.25 28.54 31.2 51.30
math.SG | 41.64 26.42 31.93 53.02
math.LO | 41.52 24.14 34.34 | 56.28
math.SP 37.41 26.29 36.3 49.25
math.IT 39.29 27.05 33.66 | 48.32
math.GN | 45.03 25.75 29.22 | 56.01
math.NA | 35.49 28.1 36.41 46.30
math.HO | 30.5 30.05 39.45 | 50.58
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