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2R PENTELVDPEREL, AEZITo WA TH L. FHERBED X X
71%, BERBIMH &R 7, ZHIRBMRE AR 7, BRERERFME XA 7 D=>
TH3. BEEREZHRET22221%, ERBBH A7, B0 EEHRE X227,
KREFEMHZZ 7 D=DTH 5. MK AT, ¥YITXXI7DFEEIMZ, 7&K
AT DT — XA LT, BEAMEFEREEE H0EEUEFLRORE
iTo 7=,
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TEBTANED K S RFEEPEBRRICN LT, MHEER ECENTSH - 7200
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FalZ, ZODHFITOWTHIL T, amzERT 5. HIFLAICOWTIE, #f
FKBIZOWTAFETIHRNS., “ODFENLLF AL, LLODHIREST-.

MR A: FJVRLRRATZZMAT-NVFRAZEERETLEID S, B ORKIEHRE X
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F£28 BANFIR

2.1 FHEER

AHEHEEE & 13, BWMEEET L0 THRE ZFHE S 2 20 0fEETH 5. FHf
B, FHMEio HAINZIS Uik 4 REEPEET 5. AETIX, FHEifEEL LT,
Accuracy, Precision, Recall, F fHIZOWTHAT 3. ZhZNOiHiifeEIE 2 8
D HNCEHAT 5. FHEfEEZ AT 52012, ET VO Tl & BRSOV DR
HRERLULZERTHZXK 2.01C8ET. K210 12200 ToFEELNICRET.

TN: True Negative Dl EF /L Negative & FTHIL, FEFRIZ Negative TH -
72T AN T — X DR

FN: False Negative O, €712 Negative & THI L, FEERIZIX Positive T
HolzT A MT—RXDIEE

FP: False Positive D&, &7 L% Positive & THIL, FEFXZIE Negative TH -
72T R+ T— X DFE

TP: True Positive D&, €712 Positive & FHIL, FEEKIZIE Positive TH -
72T A N T — X DR

5 2.1 ORIFFTHI % AT EFHIHE I O W TR 5.

2.1.1 Accuracy

Accuracy &%, ETFNVDOTHIDIERL EIEZ RTFHMEFEE CTH 5. Accuracy
RN EX 2.1 1R T,
TN + TP
TN+ FN+ FP+TP

Accuracy = (2.1.1)

2.1.2 Precision

Precision 1%, E7VOHER LRI THIERETH 2. WERLIX, ETAH
Positive THIL7zT7 A M T —=XD 55, 7R b7 —XEFERIT Positive TH o 72|
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EFILDFH

Negative Positive
1E
7 L Negative TN FP
~ 0
b
Positive FN TP

2.1 RERETNVKN

BTHD. ETNLNOBBHAIOVDR IR BIEELEZ S I 2N TE 5. Precision

DBEHAZKX 2.1.2 177,

Precision =

2.1.3 Recall

Recall &1, €7 NVOHBERZRTFMERETH 5. HHR EIZ, ERIT Positive
THZTAMT—=2D5%, IELKL Positive & FRHITE/T AT —XDEIEGTH
5. BHHHEIZ, True Positive Rate & dFERZ N TE 5. HERZ, 7005
WTF =N FRRT e, PHTE2IENTEE202H2{5EEE R

TP
FP+TP

52 TE5. Recall DA 2K 2.1.31TR7.

Recall =

TP
FN+TP

(2.1.2)

(2.1.3)




2.1.4 F{#

F {E & X, Precision & Recall OFfFI %2 £ LU -7HiifelE cH 5. F (EIZFHA
ST H B 728, Precision ¥ Recall D ¥H 60— 00K, & 5 — /53
Iz E WA X D b, Precision & Recall D AR L EBWHREL RS, ZD
72, F {HiX Precision & Recall G ZEHR L WEEICHWS ZenZ W, F A
DEHAZX 2.1.4 1TRT.

e 2 x Precision * Recall

214
Precision + Recall ( )

2.2 k DEIRERIE

kB EREE L L, BEHEEET VO TR EZIMET 2-00FETH 3.
AW TIE, 10 DEZERAZFHL TV, k=10 DB OWTHAT
%. REFFECBIT 2 10 DEIRZRZBAEFIEE DU RIORT.

1. 7—&tv b% 10 Iz E|

2. 10 e EILIzT =%ty bS5, 8EIZIIMT —%, o 1 FlZMEE
T2, MO 1EE2TAMNT XT3

3. JIfT — X TH¥E, MAET — X %\ T Early-stopping 217\, 7 A k57—
& CRHififEtE 2 B

4, 23%, 1EOT AT =X 10 BIREZ L5 I2EDIERT

5. # DR U7z 10 B OFHEEREDFE 2 & b, g FE € 710 THIFEE % 5T

EREOFIETHRIEZITS T & T, EMIHEREE TNV ONLREEREES 5 2 &
MHTES.

2.3 XD H B 2 18K t IRE

WISD D 2 2 EAt BE L, MDD 5 2 FHDFINEICEDS D 208 5 DMK
ETHD. “HMLDH2” ik, MUEANPLT—XZ2HiLt WS THS.
ZD7D, ALT—&2ty P E2HWT, BFEFFELEZFROLB 21T BRE, “xf
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JBDH 27 7B, MEDDH B 2Rt HETIX, “2HOFIHEICEITRW LF
IR E T, ZORBRMPEANINLGE, “2 HOFEEICEZRZV” 23w
ZRVWe 5. WENHSENTE 2 TERVLE, RERTEIEREKERTR
20850k oTiRES. BREAKEL X, RERFEPETHL2DICH500b5
T, IR Z R LTERHNLTLE MO DBRETIMROZ L THS. AEK
AECHATE R FEEIX R WA, 0.01 % 0.05 ZHWE Z e B—KINTH 5. MEMITE ¢
PRINEZR 2.3.1 1R7.

(2.3.1)

X 2310 FOZHICOVTHAT 5. did, 2HERDEDVY, pl3ZEORREY, s
BARDE, nld7T—2BERLTWS. R TE, RERGE “2 BOFHHEIC
ZIIHN 2 LTWB720, pld0Ths. 2 OREIENE, BB R =
WKHWS. 2 #RITXNEX 2.3.2 1TR7.

n

s2zni1§]m—ff (2.3.2)

K 232FDERBICOWTHHAT S, 2, 1%, i FHOT—X, 2 1E7—XD¥EH%
#:7.

2.4 TILFERRUVEH

SRNVFRRZEE I, —DODET NV TEREBDEZ R 7 ZERICHEL FETH 3.
RO R A7 RIS 222X > T, ETAB—DODX A7 IZE# L WY
2L, PULMERED A L@ EH MGl T E 5. EBD X X7 % FIRHIZf#
{7=®iTiE, FERICEE T 2HBOEXR 7 2R CETNAVTHEEL, XAV ZfEL
XDANEZIBEZVRENDHD. INVFRATFEEDA X=X %EX 2.2 1TRT.

K22DXSIC, EFTNLVERETZILICX->T, HBHEDOEZZ 7 ZRIICHEL Z
EMTE 5.

RIVFRRIEERTIRICE, BEEZEE L THRET 5. HEfkT 2EE:



5

ax F"z =1

a8 Faﬁljg M
R[S

i

m

YATA YRIB FYROC

22 RNAVFRRAVEBEDAX—IN

N 2411257,
N
BackLoss = Z Loss; (2.4.1)

i—1
Backloss (3 E1E T 2185, N IXFEFRHICHEL R X7 O, Loss; ¥ i /FEHD X R
JDEKXTHS. X241 DE51, BREZEH L THEHE T ZICk-T, #
BER 7 D¥EZFEBLTW5.

2.5 BERT

BERT (Bidirectional Encoder Representations from Transformers) {%, 2018 4F
WEG L BAREEAEE TV THS. BERT X, Mm% b5, Transformer
® Encoder Z HW/ET L TH 5. WAMMEEZDDOEIE, XOHIERZHEE T2 L
W5 ZrTH%. Transformer[i] &1, Attention ##E% 7z Encoder-Decoder
EFILTH 5. Attention & 1F, EF AN EHET 27D OHERHEET 3
BN H D, HEEOEEE RS 2 a7 ThHs. Encoder 1%, AJjEN/z7—
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R BRI E TV AT X 2 RHBICERT 27 TH S. Decoder 1%, B
FEHETNADPHBETEZ RPN OIBICEIRT 27V TH 5. BASELH
E71%HE LT, Encoder-Decoder EF N EAT 2 &, AJ17F A b 2T
BT OUPHMFT = ZRICEN S 2 €7V Encoder, F#02 57 F X b DIFIC
ZH1S 5 ETIVH Decoder TH 5.

BERT 1%, FHHi¥EETolbe 77 AV Fa—=r %2175 205 FIETHE
HEns Z ez, HiEBHE, BASHELEZRMEEETA0HEBTEZ2 X5
H¥BET B8 THS. BERT OHFIFE X, MLM(Masked Language Model)
¥ NSP(Next Sentence Predicition) @ 2 2 X 72 TiTbhad. 774~
Fa—=V X, BATFETHELANIX=220HEE L, EBOXRA I Z2fE Z
ENTEDZIDCETVEMAEST 22 TH 5. FiiFEHD 2 XA ITOWTHL
B3 5.

2.5.1 MLM

MLM &, ANXHD b —27 VIAIDBA B0 T2 REDE LR XA TH
5. ANJTOELN—=2>D55, b—=22D 15 %% 7 VX LIER (15 %D S5,
80 %% [MASK], 10 %%ZBIDO =2, 10 % EZDEFE) THILICE-T, K
HOMER A 7 2T 5. MLM ORI Z#HHAT 5.

1 AGERCKEE XY vy FR-ALET S, (JEOX)
2 FMTERIZ MASK]] & F v v FR—1L%2T %, ([MASK] NDEH:)

Y1 %% 2 1CEEHE MASK] ICA S h—2 Y 2 FHlT 2. MLM 3, Biftxhi
WEER EF OIS S PRI 2 2 Ik - T, WHHOCIRIRE ATHC LT\ 5.

2.5.2 NSP
NSP &, Z 0D T 2 0G0 A7 TH 5. NSP Ofl 2T 5.

X1 RFBERICKZEE F Yy v FR—ILET S, [SEP] h7-b X BED L 512
FyvFR—ILLTWS, (2O FHl)
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%2 AEERICKEY X v v FR—LET B, [SEP] MEMEEENS, (20
S TR & T

NLP &, X5E#H T 208 2 D 2 I2 K o T, X e Mo X DB Z AIREIC
LTWa.



EIE PR AMITRRIEFTELRBEO-DOBS
H5EE L)

R A

HEETPEE M T 2T ONTWE D, EHICEX S ITHERZN XY 3 0E
DH 5. BEHEEOFED—DOTHEILFRATEEX, —DODETFIILTEED
R2A7 %R ik o Tk MREZ M L X ¥, KMER ELPIAFTE 2. FEFHE
MHZ 27 &<V F ZR B[ eHAGEORTZMRIEIIAITORTVWSED, Yok
Sl TR A7 DA EREREER EICETH 2 0IEHL TR, 22T
AIFFETIE, FFEETEMRE AR OEZA LB 2V T7EX X7 DREZITO. %
7z, MBE LY T RR I DEEEHEMRHE R R 7 OFEER LB TH 208 500
MEEZ HRNCERZITo 72, EEROKRE, BD oRIEM & X 7 2 FahEms &
A7 RRHCELS Z8lE, FV X LRZRA 2RI ZE KD AEMTHS Z e
MRS Nz, T, YT EXRXIZDOTFT =X NG TH D F EIIFE ITERWGEE IR
D, EAMZELBEBUIFRIRRCHE S B Z X7 O F ER_LICENTH 5 2 & HHERR
SN,

3.1 IL®IC_A

SNS EicBI 2 NERFEDOWM [2] ¥ \Wo iz, FiEHEIHERMEE 25TV 3.
KEOHKFOH D SFHEEFELZ T EAFTHRET 2720121%, FHECBHE»D
720, FHFEPEI RS NLRICHFETEORNRE, B TRET 26823 5.
BET AP ER BT 24 RIFEDTT O TV 228 [3][4][6] BLIRCTIE5EH
HZBENHTESLT, SOIREZALIE2D0END 5.

AT, WHALZYa—&XEFLTH2S BERT IZ<ILF XA 7B 2 RS
BIGEERN Y TR AT DIRBRITS. SAFRRAZFEELIZ, —DOOMMFEE
ETNVTHEHBDORRA 2R Ze P TELFRETHS. BEMLEHGFT 2L
v, ERRZEEOHZV T RAT ERRHICHL Z2I1I2&>T, ETLDHAL
PEREM EAHIRF T & 3.
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BERT & % LF & 2748 e lAELEMIITONTWBE A, dshiEs
FRER LD DIZEMBY 7 2R 7 ZHREL TV AHFIIFEE AR D TIEF
ELRWV. 2 2 TAMETIE, T EMEE X7 CBEEODH 29782227 2 LT,
FHREMHZMHNT 22X =D L EMERBE 2N T2 2 A7 =02 %ET5. F
MR T2 227 =012, BHERFMHE AR, ZRIRBEME X R 7, KL
HERBMIM XA 7 2 RRE L. BREREEZHE T 2 227 =2121%, EREM
Ha27, B EIEHRH & 27, KERIERHE X 2 7 2L L.

72, YT RRI DT =X EWET B 7 DICEAT ZHERBEBE R L
Jo. —RINC T — X RGETH 256, T —XOERZITS R EDIRIIM S
5. LHL, SAFRAZEETIEZ—DODETNTERORXR AT R =, —>D
DRAZIZELEETF—XOEHITERN., ZDD, T RAT 28T L
DIBRBIBUCEAN THEEHEZI D AT, EAZHEEEHERD AhsZ
WCEoT, 7=V TNVDTFHEZR - 1256, RERRFLT 4 28T
ZEDTE, NIET— 2O E2RETZ &R .

BB LY TRR I eV T RRAIANOBEAN BB OMEA D, FFEH s
KRR CE R 8 5 IRGES % 72 DICFHMiSEER 21T - 7. FHMiEER 21T S5 72
W2, ERXRRZ S TERRAZICHTAEMEZITO Lo T, 7 or—Fr%zth
T—=Xty bEHELE. EXRIZTHIHFEFEIE S »OHIMRLEX, XEH
H=FDPLATHETH 20 ICERBRNBEDOD 2RBALEL0LE I L L.

FHMEERCIX, Y INRRZERETN, BBELEY T RRA T 2MA T2~ VF
RA7HFEETN, BB LY T XA ICEAN ZHEREEEHNTINA ]z~ LT
RRAZERETIN, FUVRLARAZ Y TRRAZ LTMATZRVFRRAI¥HE
TORRERL, MRZHE L. FHEEROMEDL S L TOHENE s N,

1. YR LRRIZEMA TN FRRAZEZRETLEID D, B ORIERH X
27 BIZ T2V F &R 7 2EEEF A0 ER R E R a5
2. ¥ T RAT DT IVIZHK 20 UL EDRGH MR B 255 1B D, EAMNEIE

KBTI 72 27 DR _EICER.
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3.2 BEEMFE_A

RETIX, AWFEOREIZECOWTIENS. FHHEHEP A A —F O
WS 25RIAED SN TWS. FFEPEREZITO AT, HIEIKEHL
TXEZXRT PUULT 2 FiEE, THERHZHWTXEEZRY P LS 2 FED
H5. HFEBEIZHEHLTRZ bS5 FEE LT, Waseem b [4] DI D 5.
Waseem 5 [4] 1¥, "4 PRV —F 2T 57D n-gram LRI AT 4 v 7[H]
2 FHWTHEZITo 7. ZORRE, BIREE UTHRl e 5mcE s 2 6Mmz e
m3 22 3EMTH 20, ZofoBREIdBRERER LICAMTHs Lk
ZRLTWVWS. THEBZHWTARY bUb$ % FE e LT Badjatiya & [3] OWf
%eh3®H %. Badjatiya 5 [3] 1&, BROFEEFET —F 7 7F v ZHVTAA PR
—F 2R L TED, n-gram = TF-IDF 2 OBFETIE X D R EHM E
L7z ZRLTW5. ABFFE, BERT TEZDEERZHWTRZ b zELT
W, FFEEOML 21T .

AWHEE, BERT &N F XA 7 ¥F2HAGLEETVEEH LTI HE
M E1TS. FFEPEREIC BERT <L F 2R 7 2B 2HAGDEZEE L
T, Samghabadi & [6] DW%EH3dH 5. Samghabadi & [6] 1&, WEMEFEIZ 27 &
AN X R 7 D DD XA AR R VF XA ¥ EET LV E
RELTWS. ZOMKIE, RBEDD 2 XEEZHHT 2 25 JpRi DL
FL T3, L, AAREHFTEOMEEEZN X 2572008 74X X
IRBRTZEHEHNTH 2720, oD X A7 ZEFSNCEMR LT OREE %M
X8 &5 & LTW3 Samghabadi 5 DL L IXHMDRZ > TWD. £z, A
RCRY T RRAIZ DT =20 ZER L, HAMNZBREKZHVTVWS W
IRTHER->TVS.

AT — 2 DREDHIEL LT Tang & [7] OW%ENH 5. Tang & [7] 1%,
U7 — X OBEFEL LT20FELRRELTWS. —DIX, 7 — X1V 7%
WIRVDONER 2 J 2G5 hh S HEEEICHE L RGEBICHRT 2 2Ty — 4 21
BT 3FETHS. S5 —2lF, undersampling ZE A TWY > 7)) > 73
T—RZCWXHHEREMEEL 7 VY Y INVFEERITOFETDH S, o~ LT
TRVEEINICBVWTHE S DFENRFOFIERIDBEATVWE I ZRLT
W3, ZOMEIS, PO T - 2XOUEEDERE RN LIE 5 AR TE
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3. AT, SAFRRAV¥EEERAVS2DT7T—ROEHLY > TV ¥ IE2LT
5ZLIRTERY. 2070, BEAMSEEBEMICIRD ANLS 2 & TR — &
DUHERT - Tz

3.3 REFE_A

AFFETIE, FEETEME AR 7 ORFER EFEE LTy T XX 7 EEICEH
Lz, SUTNRRAZEHEBFZ—ODETFTNT—DODRAV R ¥EETH A0, <
NFRR 73X, —DODETNVNTEHBDOX R 2RI FETHD, UL
ezl X822 eI/ TE 2. AL, vAFRR 7R CHETEMR
HE 27 DOREERN EERZBICEN BT T RA 7 2RET 22 2HNE LT, ¥
TRRTDEERATo 2. T2, YT RRAT DT — RG] - 1258 DRETF
BeLT, HAMNEREL Y P —REZ2RH L. ZhICK o TETLDH¥EE
BYHEIN, YT RXRAT EEXRT OMHBKEEL A LT 208 50 MEEL 7. AR
TlE, RET IV T XA DEE L NIET — X OEFRZEFEIIOWTHARS.

3.3.1 PYUINARIVEH

SYUTNRRAZEBLIE, —ODEFLNT—DODRRAY BRI EETHS. A
FIZBIF B INERI7EER, ETERE XA DAZREET LV EFE
BB THD. HILKFEDH - FaARREDI R L TV 2 HFEEFAD BERT
ETNVEMFERHLC, P EMRHA R 7 2R ETVEME L. RIFR T, >
VINRAGEBRETNER=—AT7A4 e LTIREET VL, REFEOH
S ZARRES 5.

3.3.2 TIFRRIUEH

CAFRRAZHEB 8] ik, —ODETFNTEBDOXR 7 ZFRIICHL FIETH
. WIVFRRAIHEETIE, FXRAZBEEDDH B XA ZEIFICHL 22L&

*https://github.com/cl-tohoku/bert-japanese
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T, ETLOILHREZRA LXBB e TE2 bR T\, 2D, <L
FRRAZFHIBWTH T RRZIZED LI REZRAIEREET D0, EXRXID
FEEM EZX2 ECIERICERERIETHS. AR TEELLZY TR ZAZITOWN
T 3.2.1 HicabN 3.

T 7 — R BRI GE, T—RENT VAL EETEL X527 —RDIRD
ERLATFEPHOSLNS., —RINICIE, T—RBOZWT U ELETZ O
DT RNVDT—REHHET 3 oversampling X, T — XDV T L E b
TZDOMD 7 D7 —&%ZH|WT % undersampling BSFHVWHNS. LHrL, <
NF RATERTIRIERD XA 7 ZFRRICIRL 720, HBERRATIDT—RDFH %
BTDRIT—EBeHEBIETH, HOEXRX707 X/ PEFNTLE
5. ZDD, SVFRRAZFETET —XBeEREELE R T—2DFY
WENET Z2FENIDETH L. KK THWT — X ORI EFIEE 3.2.2
HiTuh R 5.

HITRXUDEE

YT RZ7120%, FEEREBRHT 2227 =0 BEEREEBE T2 227
ZONEMTHD e ER . FHRBEZMHT 2R 7 2@ AZHBE LT, iR
HGIZIIRR 2 BERBADEEL, ZORBEDIFETEZME T 2 L TEERFHEICR
2ZehbiFond. gFEPEEMET S ET, FHREPERELRFHICK L E
2T % RT

il 1 BAMCEREE WA
il 2 HRKT EEAEE

1 HH 2D “BEMEN WS Z e EHAFIEIZ2EMTHE. Hl135E
PEMEL VI EIZEVCTWARETH h HEHIEVWEEZ LN, LAL,
Bl 2 X HEMRNZ 2K T 2RE, DX DHLLICHFORLEEERET S LD
BREBRTHORBEREVWEEZONS. 26, REOBEWZHEFEHEL B
H32 ECEERETHD, ¥ 7227 LTFHEREZME T2 X 2270865
PeEZT.

BFREBE TR T 2 2 A7 BBALHEE Y LT, BHRERER Y OHRMRE K
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BEFHEOER 2 2bDTHY, FPE L ERICEARLTVWEZELRDHIT
3. FEBIZ, REFHCHENZa X b2 LERBEDEZ S PEREE W
TV W HE (9] BPEET 5. P E2ME S 2 L oREERENEE LR
B2 e ZEZ M2 RT. R DREZF o LHBRBEESEHT 2 “OWIEIz L
A0, Mre2BET2REBEEOEVWEEIE L EZLNS. LrLl, B
DGR > TORWKRREXIFEHAT 2B VDY vy a3ID LS54 “OWINEIC L
2703, REHORVWEErEZ NS, UEXDTKLIZ, FHREZMET 2 X
27 Z0 b RERIEEME T2 R A7 =05 ODY T X R BEELT-.

BITERT 1 BBERBMH XX Y
BT R 2 ERIRBGH & X7
BT RRT 3 BEGERIMM X R Y
BTRRT 4 EFREMHEZ RS
BT RR 5 RYRERE X RS
PTRRT 6 KRERERE X RS

ETOXRAZIZ, BEIT20RELZVrDO _EHRETHE. ZNO5DHTERY
kRS & 2 7 EIRFICHR K 721, AR TIEK 3.0 OEFILE W,
K3.1HDFC LE2MAEO I THS. ZNZThDX R 7 DEREEFT LT
T2 I2EoT, RTCOXRI ZRARHCHFEHI B LI ZAREICL TV 5.

R T -2 DFBREFE
AT, R — 2 FHOBHFRY LT, BANEZELY bu—#
AR L. ZELy b —E L ZBROXTRINS.

| MK
L= N Z Zym 10g Gni (3.3.1)
n=111=1

N, K 3Zhzh7r 2B 7 728X LTED, y, §3EhLzhFEREL T
AfEZRLTWS.



1
J

—[ FC HsoftmaxH Main-Task ]

- X m W

® N — 3 O X O

-[ FC Hsoftmax}b[ Sub-Task ]

E
[

3.1 RBREFTAK

HAMNERZEZELY b u—iR% L, &, LICEAw 2T XOXTREINS.

| K
Ly =+ iYni 108 Yni 3.2
N;;wy 0g (3.3.2)
N
P = — 3.3.3
wi= o (3.33)

N BT = RZBEHBZ T DT RVDT =R, Np 37 —RBBDINTTD Z 0L
DTF—=ZPeRLTVWE., BAJERELY b —REZHWSZLITLoT,
F=RBDDIRNT NV EERS THELBIIERNKREL 22 L5 HFHEL, 1
BT —RENT VAL FRIELIENTES.

3.4 FH@EEE_A

AR TIE, RADRERLILY T ER 7 &Y% 7 XA NDEALN HREBAD
RHADSFHEE P GR I % X 7 ORGEER EICHE R D & 5 D REET % 7 D IFHIli R B %
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Tolze. MBEULLY T EZR 7 OEMEEMEES 272012, SV INVERI¥EHET
W, BV T RRATEZMA TN FRRAIHERET I, BE|EV T XA 2MATHE
AN EHEREABEZIRA LYV F RRATERET N, FVRLARRAI Y TRRAY
ELTMATRNF ZRRZERET NV EEE LB Z1To /. AETIX, FHMEER
DTF—XEy hETILOMEE, ER - BRIZOVWTIHERS.

3.4.1 T—R2tvhk

Twitter API ZFHWTIE L=V 4 — MR LT ROERI 21T o7z, 13Wv - »
WZ VA — BB TEXRVDIBEDWTNDLTEZAZIZL > TI~ILEN
SL75—%+ty b2IERRL .

B 1 £222
OV A —MEIRERGEY A —bTTHR?
B2 72271
ZDOVA—MNIBHORBHAEZEZELY A —FTIH?
B3 77X R7 2
ZOVA = PMEIENORBAEZZLY A = TIH?
B4 72223
ZDY A — MNIBERBEDRHEZLY A — b TTH?
B 5 7R 4
ZDV A — b OBRBEEFERRZIHINTY A =P LA BVETH?
B 6 722275
ZOYVA = OBBMEFIRYODREZHINTY A =Lz B0ETH?
B 7 TR R76
ZDOVA = OBBMEIREDRE LN TY A =Lz BVETH?

VA —FE 11,200 FOV A — FNELT-. ZD5 5 622 DY 4 — MIHRETE
720 2 I X T - DRI EER TLX 10,578 DY £ — R 2R L=, 10,578 D
VA= IANOERNIINT 25 7T ORREER 31T, 7T ORER
PoHFEXZAZIE, Yes/No DEIEGRBELXZHMWTH 20, 20Oy 7X 2 71F

17



Yes/No OEIEN NG TH 5 Z e MRS 7.

RNVF RREEOEMETIZ R, RADIRRE LY 7 X R 7 OB WEE
T272012, FVRLARAZ R TRAZ LTHELE., JYXLEXR2%, H
ISR LTI Y X AR Z <3V, F0% “ONR” T2 8IEkoTINIL
NG LERAITHS.

3.4.2 ETILESE
ETNMIZILLRD 4 DR HEEEL /-,

ETFN]L SUTNRRAZEHETIL

ETN2 BV TRRATZ—DFTOMA T~ NVF XA EHET N

ETN3 BTN 2 DFBFICEANESEREUERM LIV F XA FEEHET L

ETNA FURLRRI Y TRRAZE L TMAT T VELINF RRAVEEE
TIL

BETFTNIETF— X, v + % Train:Validation: Test=8:1:1 I & L2238 21T - 7=.
72, EBTOETAHBEIZBVTANYy FH A4 X% 32 IZHEL, Validation DIEE
2100 [ElE/MEZ RE 57220 - 7258, HERPERNZ1BOET VEREL 7.

# 31 210,578 VA4 — MIHT 2 T NAFITFHER

YA — +OfEE Yes No

FEPE YA -+ THED 4,845 | 5,733
HHEOFHEEZLY A — b THID 505 | 10,073
ZAOFHEZLY A — N TH D) 433 | 10,145

BREOBEDTFHEZLYA—NTH2H | 591 | 9,987
FHEEOBIEZINTY A — Lz 1,165 | 9,413
Bh DEIERINTY A — LD 1,659 | 8,919
FKEOEERIINTY A — P LD 504 | 10,074
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3.43 RR-EE

AWIFETIX, F{E, Recall, Precision {8 LT 10 &R EBEEE T /2. KaT
fiiFEIE 0 U CIRIRG 2 “2 O FEIMEIC 21T & LAREKEE 0.05 T 2 # 0
XIEDDH 5 t RMEZITo Tz, 10 TEIZAMGEE, T—&ty b2 10 7EILZD 1
#% Test, 9 1 #H|%Z Validation, ZDMD 8 H% Train & L, 10 7EIL 727 — X
ZhEnD 1EFD Test 12725 XS IWCERE 10 EIT5dDTH 5. FET LD
it 10 [ P2 343 1C8F. £ 3431COWTHAT 3. STL, MTL i
FNTNS YV INRAZHEBF e VFRAZ¥E %2R L TWb. main-F, main-R,
main-P iZZNZNFEX R D F fE, Recall, Precision 2R LTED, () NOEKE
B Y INRRAERET VB LEED pEZRLTVWS. KFE, Yo I7u
R2A7¥EET ALY QREETNDAD, FHEEEEDMED M E L TV A2 EETH
%. %7z, sub-F, sub-R, sub-P Xz Z2hH% 7 X X2 D F {8, Recall, Precision
ERLTWVWS. BiHMEEEOFICEEIN TV p-value FEARLDVILF XA
HECEAMNEINF X2 R U EO pEER LTV,
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HIT2R0 1. ZBREBRHI XY

BTRRZ 1 ZMATZNFRRAIEEET LT, SV INARRAIEEETIL
LHARTELX R D Precision DA ELTWS., 7 X227 DEFICEA =18
KEBERALGE, Y INVRRAZFEEET N HRTERX R T D Precision
DAMELTWS., FLEARLIALFRXRAIEEETNVEHENT, EFXATDF
{l, Recall XA LLTW3. ¥ 72X 7 DFHIfIEL LIS 5 &, EHAZNIT 25
BDITHN FEH, Recall 25 ELTED, Recall DM EICIZFARERENIHER T X 7.

HITRRY 2: ZRIRRGHEZ R

YT RRT 2BMATRNFRRAIFZEET VT, SV INVRRIEEETIL
CHARTFELX AT D Precision DAA ELTWS. 37X R 7 OFHiitEIE % g3
2y, BAERMNIEGEDHD FAE, Recall A ELTHED, b5 DFHMliTEREIC
SAEREDMHRTE.

YITRRY 3 REBERFERERZ XY

BT RRY 3EMATZNFRRAIHEEET LT, SV INANRRIHEEETIL
CHNRTEE R D Precision 23[ ELTW5., %7 %27 DFHEIEEY HLE T 5
¥, EAEMIGED D F fE Recall, Precision ®CH ELTED, GELE
HIEFET X /.

BT RRY 4 ERBREHEZ XD

BT RRT ABMATZRNFRRAIEEET LT, SV INARRAIEEETIL
LHARTELX R T D Precision DA ELTW3. EhEARLIILF XAV ERE
T HART, FXAZ Recall A ELTWS., %7 &% 27 OFIEIE % g3
%Y, BAEMNILIGEDTH Recall iIXMLELTW3.

BT 5 BORBEEHRZR Y

YT RRAT 5 ZMATRNFRRAIFZEET VT, YUV INVRRAIEEHET L
CHARNTELX AT D F {8, Precision 235[[ ELTHED Precision DA FICIFHEER
DR TE. 7 RRAT7 DB ICEHAN FHERER A LGS, o
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RRAZZEETNE HARTELRXR AT D Precision XA ELTW3E., 7 & X 7 DF
eI % LT 2 ¥, EARMNIEIGED T Recall i3 ELTHD, BELRED
R x7/-.

HITRRY 6: KERBEEREHRZ XY

BTRRY 6 BMAT=RNFRRAIHEEET LT, PV INANRRI¥EEETIL
CHANRTEERX R D Precision A ELTW5E., 7 X207 DFEICEA HEE
BB ERH LGS, Y INRRIERET NV HRTELX R I D Recall 23M]
ELTW3., 37227 DFiiteEZ KT 52 &, HEAZNILEBEDTHF E,
Recall, Precision D2 THA EL TEB Y ERELREDHERTE /.

SUALRARY

FUVRLRRAY Y TRAZE LTMATRNVF RRAEBETVTIE, V7
NERRAZH¥EETNEHANRT Recall 13[A] ELTW52 F{EH, Precision 3K FL T
B D Precision DR NMIIAEERENHZRTE . £, Y T7EXXIZ52MAT~
NFRAZHE R Z e FEDEN 0.13, pED0.017T LD BEERENDH D Z
EDD, FUYRLRRZZMASD I EIWHANBRLIY T X7 5 ORD ORKIEMR
AR IDPENTH S Z & R L.

ER

BT RRY 5 BMATeRNVFRRAZFHET M LT TD 2 SR TEk
oY TR OEEIMELZDZ EEZONS. LrL, YVYITILRRAVE
BETLVDOFELD S~V FRRA7EZHET LD FEZN EEE, AERELHE
BT L5121, VAR TRAZDEEVPDETHDZeBEIOLNS.

1. YN RRAZEEETLO FEID bIA L.
2. FUVRLRRZBYTRAZE L TMMA T2V FRAZZEEHET LD F HE
=41l o

YT RRT DEBICEATEHELEBERHAT 2, 722271450 FHED
B FICEBERADHERTER W, Y7 X227 23,6 D F XA FICERER 2D
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WTES. ZOMRERITDINOEHEGEN S, EANZHEEELEIZ XLDE
BT 20 R ORI DR TEX 2 HEICR Y, AERREVSHEIRTZZE X
b5, LrL, ¥y 7XX7DFERALASHT LS EXRAZD F fEHA LICE1 2
DI TIE R W Z e BRI N,

3.5 &HOHIC_A

AR T, <VFXR7EE 2 HCCHFHERIEER 2K 2 BICAR %
P TRRIDIRREL, T RXRRIANDEAN EELBEBERA L. v v F X277
FETE, EXRRAILFARICERXR 7 LE#EOD 2V TRAIZREL Z2I2Xk>T
WEEREDM EXHIFTE 2. 2D, YT XRZICEMBREIR BB ETSZ
CIIEFICEERZ L TH S, Frxld, IEPERH AR 7 L AR XA R 7
LC, FHRRZMH T 2227 =0 RERE LM T 2 XX 7 =ONHEET
HBrEZ. FHERBRERE T2 22273, P EICHEARRELD 2729,
FERXRAZ LBEHEBPENR R TH DB ERT. FHRAEME ST 2222120, 3
FHELBEOENE EZ 5N 3B ERH, ZHIRE, BROGERREMHT 2
RRATD=DDRAY ZEE L. HEEXEZRNT 2L X271%, BREREDL
HFEHEORR 722720, FXR 7 LE#EPFENRR I TH 3 ER . BRE
BEEME T 2 2227120, HETEOEETH 2 1ERK, RO, KEREE
BT 2RRAID=DDY T RATZIRE L. T, IILFRXRI¥EETIIERK
DRRAY ZRFICIRL 2D, —DD TNV ELEETF—XDER LIk T
F—RZDFHEWET LI LIITERY. 200, BEANZELBENEZID AR
7o, BAMNEHEEBEBUX, 2R D7 —XORD ICHEDbEEAREILBEBIC
NI TES2720, RHODH2T7T—XOFENENAFTES. BELLY
TR DREMEZRGET 2 HMBERZITO 20, EXRT, ¥ 7R 7ICHT 2
BREZfTWT v — b 232 TTr—&+ty FBIEKRLT-.

RELV T ER 7 L BEAMTEZEREBOENEEMRAEST 272912, IBRELY
TRRAZEZMAT2~NF RRAZEFET N, BEY TR 2MA TEAMN ZHEK
BRI L7~V F R R 7FEHETVEMEL, SV INVRRAIERETL, F
VELRAZ YT RAZ LTMATRLFRAZEEET L OREFEE 2T
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W3 2T T 7.

FEEAER S, BYDEIEHE X R 7 2 MA T2~ NVF R R 7ERET VL, >V
TNRADEEET N MR THERERE IR SR P - 720 FHEDM MR TS
7z, £z, BYODEKIEMB X R ZMA TN FRRA7HFHETNIE, TVRLR
AT EMATzNF RRAEFET NV EHARNT FENALEL, BEREDSHETE
2. RNFRRAZEHRET VTR, BEANELEKREFRHA LGS, V77X R7
DT — R 20 fEDREFEHR A LN BHEICRD, 72X 27D FHOM EIZH
BRAZHWRT 2N TEL. BERIMHE XX 71280 T, EAMNIFEKEK
PRAT2ZLICEP2ERREZIMETERD o720, EXR IO F HAELHER
T&h. SHROELL LT, SHOY 7R 7 ik EREBEOBGRERE S
5Z212&oT, KDEMRYTRRATDORR, BREOVT7XZA7OHHEIT-T
WEWEEZ TV, FERBEBIGENT 2 EAZ Y RETERE(LXE 2
7Y, BRBEROBEIZOWTD KD AEMRFREDRR LI TV EEZ TV 5.
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EASZ R BMUIRRVETRLEBEO-S>OES
5 &8 LX)

AR B

AEOHMEZ =2 3. —oHIZ, <L FXRZEERBHWCHETERE 2 X
7 DREER EEXZE, BRADRRERT2EBY 72X R 7PBERECENTHS Z
EEHLPICT A THS. ZDOHIZK, RADPHMELLETADBED X S Rl
SRR LT, MHEER LOEAZD 2 0HL2ICT2 28 THSE. —DD
HiNZ R 57012, RAZTEHY 72227 2EL BBV 72227 2 @D 4
BEOY 7R 2 7%, BINT22BEMLEV2OMASDYE, 16 BHEOET L
PHEER L. MR L /-2E 7 V%, F{H, Precision, Recall THEL=. F/=, M
HREEIOEWHE L ET LI LT, Y05 BB THRIBEEISEVS -0
DO EAT o7z, FEBROKER, UToHIE SN, (1) FBY T2 R 7 2MA
7o MTL(® AV F R R HEEETN) X, BBV 7 XA 7 2 MA 7 MTL IR, 3
FHGMIE X X 7 O F flrm FIcAzh 2@/ 5 % (2)MTL @ FE (F2R27)ICE
BREBDSTHAETDH, MABZFTRAZIZE-T, FEo&kfomtickibs
25EDH %

4.1 FICHIC_B

AWFROBRNE 2D 5. —oHIF, wAFXRYZEE2HWCHEPERT &
27 DREEIN EER BB, BRADPRETZ2FEI 77X R 7 EEREICENTH S
CrEHLPIZT A THE. ZoHIE, RADPWRLIZETANED XS LHE
FHEBFEICN LT, MHEER LOBEADID 2 0HLPCTEITHS.

—OHOHMIZOWTIARNS. v VF XX 7%EH ] iF, —D2DET L THE
DRAT RFRFHIEL FHETH 3. FRFCHELERDO 227055, BEDM %
HFRF T2 2R F XA, EXR7DFEMPOREN L RIT 2RI 2T XX
MR, RIVFRRAZFEEET NV, EFRXRR7EBEEOD 5 72 X7 ZEIRIC
RS Z2IT&oT, —DODXRAZIZL 5N I DRVRHERESR T 2T
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x%. ZOMR, T O LR TE 2. L F XX 7B, i
7% BARE BN E QWS [10][11][12] iI2BWT, BEMLICERL TV,

TAIGHFETERH X R 712w VF R A28 2HRAL, MHEEOM EE2X A
S2CEZRN. L, FFPERHAR 72 FERXR 7 LR, DX 74X
AV HEETDHZEDREER LICENTH 208 500k, EENPFRZRD TIXH
HPIZHE O TVWRWY., BELLY T RRAINERR 7 OREER LICENTH 1Y
I, T—XEy POIERDPSETIVOME, TA N T —XTHEMIEEZ T % %
THEGR T E WD, BWARKEEH 202 WO ENRD 5. FKilx, FE
f  72DIEFER R TH ZkHEHEMRH X R 7 OfEE R LI, GRRYy 7220
DA ZHO DT 2R0ER D 5 e ZE 2T, BAZEBY T2 R, XA T
H 5k a2 X7 OFEER iz, BRRIERID 2D TIER WD & WS KRG
AT T=.

FEHY 72273, B1EZRIE2HEOEEAL S IV EMNE T HT
XDPRRATH5. HB1HLIHEEE, BE2HLEHAEEOTHS. FHY 7
R2 M, B ERE X 2 7 ORER EICERERD D 2D TIERV,LEE X
THHZARNS. T ERRICE, REENEEZ S > TTome, A&
WESERVWHAHEE L DR SOERIZL > Tl G R 281D 5. 20
728, HEEOBEHEEOBAIIE I ZEOBALD D, S EEBE S 27
DI, BEEREREZ L EZ 2. AWK TIEX, TBYT7E2R7 e L TRBEERIESE
220 L RBEBERER AT BBEE LIz, £, FEY 7 X R 7 OBEMMN % BGEE
T2DITHBNGRE LT, HBIHEDBRLO TNV E[NET SN TELRE
BT RA BB L. BEY 72271203, BENRPEER 7 2 kFENEh T
TVPFHRRABEE L. ZNEFNDOH T X ZAZICOWTIE, 4.3.1 8§iTilR3.

ZOHOHMIZOWTIHAR S, FEEFEHEICIE, D, KA, 2Rk kL R
DBFET 5. MELLETLVOHFETEMRERBEME N Lz LTS, FEDHEE
HGRFR O L L 72TV TH 2 A[REMED D 5. B ZIX, RINRFEHE
BROBEBENME TN L TW5H, ZHREL S AL ERAEOMHEE XM
LEL7ZGETHE. FAlX, CDXIBYTRRAIEMATZETAD, EDX5K
AP EERRERHTEZOPHLPICTE2 22 ICE > T, RRKIGL Y 7R R
7 DFRFEFREZHALPICTE D L EZ 1.
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Frix, “OOHMNEERT 27012, Y T7XRATDIRE, T—Xt v FDIEK
(4.3.1 f1), TFNVOME, FHEFEER (4.4 3F) 2772, FT—Xtv FOERIZ, X
BLERBIINLTIZ I RY =2 Y7 2HAVTIRLENEGETEZ2I1I2X5T
Tol. 0, EFRfREThZIINT 277 =M 5 AT2OHEL, 2R
REWD ZICEoTHREL. fELTzT =&ty FEHWT, FBY 74227
QL BBV 7 AR 2B DR A BB OV T2 X7 %, BINT 220058 L %
W OlAGEDYE, FF 16 BEOET VEHME L. MELLEET VR, F 1A,
Precision, Recall TR L7z, %7z, MEBEEISEVWOIECLZETLIIHNLT, ¥
D& S B THREEEIREOAH 72D 0 21T 72, EBROER, ITD 3 &
PHHO ML T,

. EHI 7R 27 %M MTL(x LV F X A 7%BEF0) 1%, FEY TRR
7 % MA 7 MTL 2R, SiEHEMRE 2 X 7 o F AlA FICH R 72 EaHs
»H5.

2. MBEHBIEDEEX R (FHY 72227 2) #Z T MTL &, G
& 2 27 @ Precision [A]_EIZER.

3. FIBEHEBIENEER Y (FBY T X R T 2) BiATz MTL & STL(> > 7L
RRAZHEET ) ICHN, BEEIE S OKIE 2 D7 RI5 2 3k
SR & 2 7 D Accuracy [\ _EICERD.

4.2 BFEEMFE_B

SRR R R BRI 2 7= OFIIEEEL (T 3. SRS
Hi 2 7= OIS, PP EICEET 2 MK U, S iR e M+
pFEE, CELKCEE LTI RIS 2 R0 5 5. MICHEA L
FFRIE, BEORER S AL TEH BRI L TO R L 2 SRR TR 5 =
ETES. Livl, MEOBREICRAD D 2 7 dRAGE & AR P
LTI CHB L WS FAY v M3 2. HEEICHEH LWy LThk [13]
LOMEND 5. KR HIE, 86,906 GEDHEEN SR WE DRBFEEZIEMR L 72.
5 130 U o REE L OB BT F A2 HAGDE TRy MLz
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ToTW5. ZOMR, HolFEWAEHFMZERL TV, WU DRBFFEA
DESFHFEO DR X EHEICEIT TV S, HEBICEH LEFIRoRE 2R AR
& LT Waseem 5 [4] Dif5E3H 5. Wassem S, FFEHGHAELZRET 52U R
FR—ZDFFEIF, VA MBI NTORWHEICHE TH S Z & ZREHRL,
n-gram IZEED K FEZREL TWVWS. 2R, MHICET 252Nz 52
AP EMEBER LICENTH 2 e BRLTVWS. XELKICEH Lk
HEHREZ RN T 2FiE L LT Alatawi & [14] O H 5. Alatawi 1%, F X
4 VHFEHDAA L BILSTM 2ilAGbEZET NV, XEMBBICEN TN
BEFNLTH25 BERT D -DDEFLTAA F A —F DK 2TV, HicR—
274 Y EDEVBREBEZTEHLTWVWS. BILSTM ZHWEETFT VX, A5
TR CREREERE WAL h A —FiZi <, BERT ZHWEF LXK, 2K
BRRHEREENRE VW L Z/RLTWS. BERT 2l EHETHNL —= 2L
ToRR5E [16] BIFET 3. Caselli & [15] 1&, 228 EA BERT 2KV > —I3EK L
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