JAIST Repository

https://dspace.jaist.ac.jp/

Title gdooodgoooooooguoooouooog
gooooooooooogg

Author(s) oo, U

Citation

Issue Date 2023-03

Type Thesis or Di ssertation

Text version aut hor

URL http://hdl.handle.net/ 10119/ 1832¢

Rights

. Supervisor: oo oOod, goooojocooo, O

Description

O(ooono)

AIST

JAPAN
ADVANCED INSTITUTE OF
. SCIENCE AND TECHNOLOGY

Japan Advanced Institute of Science and Technology



SRS EZRIFICEBLEY =S v AT 4 7 Eoa—F a7 4 —UHEE

EEEHE A HiE

LR R A
SESR TR
(R

SM54E3H



Abstract

With the development of social media, the Internet is flooded with new infor-
mation released by users. Therefore, analysis of information on social media, such
as finding trending words and opinion mining, becomes more important. More
detailed analysis is possible by considering users’ profiles such as a gender, age,
hometown, etc. However, in one of the most poplar social media, Twitter, the
profiles of the users are not made in public. Therefore, a technique to precisely
predict the profiles of Twitter users is required. Although previous work on the
prediction of users’ profiles mainly focuses on texts of tweets posted by the users,
methods considering both texts and images in tweets are not paid much attention.
Several previous studies also use information other than tweets, such as a text of
self-introduction by the user and the number of followers, but only the limited
information has been utilized.

This thesis focuses on gender among various information of user profiles and
proposes novel methods based on supervised learning for prediction of gender of
Twitter users. Specifically, models or classifiers that consider texts and images
of tweets as features simultaneously are proposed. Models of gender prediction
using a wide variety of information obtained from Twitter, including tweets, are
also proposed. Furthermore, the size of training data is increased automatically
to improve the performance of gender prediction.

First, training data for supervised learning of a gender prediction model is con-
structed by automatically determining gender of Twitter users. Supposing that
celebrities are relatively easy to guess their gender, users who have many followers
are retrieved as celebrities, then their gender are predicted using publicly available
information such as Wikipedia and a face image recognition tool. As a result, a
dataset consisting of approximately 5,000 users with their gender labels is con-
structed. This dataset is called “initial labeled data”.

Several kinds of classifiers for gender prediction are developed. The first type
is a tweet-based classifier that predicts gender from multiple tweets posted by the
user. First, a gender score for each tweet is calculated. Here, the gender score
is defined as a value between 0 and 1, where 0 and 1 indicate female and man
respectively. Then, the average of the gender scores of multiple tweets is used to
calculate the gender score of the user. To predict the gender of each tweet, the
following seven classifiers are proposed, including classifiers that simultaneously
consider both the text and image in the tweet. “Text only model” uses only
the text of the tweet and is based on Bidirectional Encoder Representations from
Transformers (BERT). “Image only model” uses only the image of the tweet and is
based on the Vision Transformer (VT). “Early fusion model” uses BERT and VT
to obtain embedding of the text and image respectively, then those embeddings are



concatenated and passed to the Fully Connected Layer (FCL) to obtain the gender
score. “Late fusion model” obtains the text and image embeddings in the same
way, and converts each to a 4-dimensional vector by FCL. Then, those vectors are
concatenated and passed to another FCL to obtain the gender score. “Dense fusion
model” is a classifier that combines the Early and Late fusion models. “Caption
model” first uses an existing tool to generate a caption of the image in the tweet.
Then, BERT is applied where the text of the tweet and the generated image caption
are given as an input. “Ensemble model” uses the Early fusion model when the
target tweet includes an image, otherwise uses the Text only model.

In addition, six classifiers using various information obtained from Twitter are
proposed. The first classifier is the tweet-based classifier described earlier. The
second classifier is one that trained by Light Gradient Boosting Machine (Light
GBM) using Twitter-specific statistics such as the number of followers and posts
as features. The third classifier considers a name of the Twitter user. A Light
GBM is trained using character uni-grams of the user name. The fourth classifier
is one using a profile image of the user, a header image shown in the user page
on Twitter, or both, where VT is used as the base model. The fifth classifier is a
BERT model using the text of self-introduction written by the user as a feature.
The sixth classifier considers the texts of self-introduction of followees. Bag-of-
words features are extracted from those texts, then a Light GBM is training with
them. Furthermore, “Integrated model” is proposed. It uses the gender scores
obtained by the above classifiers as features and predicts gender of the user by a
Light GBM.

Since the initial labeled data consists of users of celebrities, the gender prediction
model trained from it is expected to perform poorly for general users. To solve this
problem, the training data is expanded by automatically labeling general users.
This method is called “data augmentation”. First, unlabeled data is made by
retrieving Twitter accounts of general users. Then, the gender of the users in this
data is predicted by the classifier trained from the initial labeled data. The top
3,000 users whose gender is the most reliably predicted by the model are chosen,
and added to the training data.

Several experiments were conducted to evaluate the proposed methods. First,
“manually labeled data” was constructed, which was used as the test data. Three
human subjects determined the gender of 459 general users who had less than
1,000 followers. Then, the proposed methods were evaluated in two experimental
settings. One is that the initial labeled data was divided into the training, devel-
opment and test data, the other is that the initial labeled data was used as the
training data and the manually labeled data as the test data.

The tweet-based classifiers were firstly evaluated. Early fusion model achieved



the highest accuracy of 0.893 in the experiment using the initial labeled data.
On the other hand, the accuracy of Caption model was the highest, 0.789, in
the experiment using the manually labeled data. Next, the performance of the
individual classifiers and the Integrated model using the information other than
tweets were evaluated using the manually labeled data as the test data. The
results showed that the classifiers using the profile image, user name, and tweets
achieved relatively high accuracy. The highest accuracy, 0.851, was obtained by
the Integrated model.

In the evaluation of data augmentation, the accuracy of the classifiers trained
with only the initial labeled data was compared with the classifiers trained with
both the augmented and initial training data. Two methods of the data augmen-
tation were compared: one was that the same classifier was used to determine the
gender of unlabeled data to expand the data to train itself, the other was that
Integrated model was used for determination of gender. In the latter case, it was
mainly assessed how much the increase of high-quality training data could improve
the accuracy of gender prediction. Experimental results showed that data augmen-
tation could improve the accuracy for five classifiers. However, the performance of
Integrated model was not improved by data augmentation. It was found that the
performance of the classifiers tended to be improved by the data augmentation us-
ing the Integrated model than that using the same classifier. However, none of the
classifiers with data augmentation did not outperform Integrated model without
data augmentation. Thus the effectiveness of data augmentation was not clearly
confirmed.
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Wi L 7=, ARy FADMEYL L TERINTWEREE, BENXITHA TV
ZeR KXo TMNEDHEICEKMLUFHDED 7. ZOMIRIE, BEICIEZL2—F
DT T 4 —VDOHEETIER WD, VA — 252 —FDER (ZDEEIINE)
EHEELTWB W) TR BHEHL TV 5.



2.2 EEZETI -EBWFEZEETI

BEFIETIE, WLOPOHMEDSEETLCEMEEET LV E2RHATS. &
T ZNSHDETILDOMEZIENT 5.

2.2.1 BERT

BERTH ZKREDT ¥ R M 6B SNNHEFEET NV TH D, Transformer
eI 1=y bR EINE=2—F L3y VI =T ETNTH 5. Trans-
fomer B, X7 PVORRYNT — 20152 507zt 212, ZDRY|DHEIRICHI
TR M OBEERER L, FKRINCET 2 H 2 HH DM OIAALRIZ &S
3 %. BERT 06, 7% A MIFHGEF| e L TR SN, HEEZRIT T bLOK
RANDIATI 7%, Transformer JE1E, KPZDIZRT X 512, Multi-head Attention
J&, 1IEFLJE (Add&Norm), Feed-forward Network J&, EFR{UE, 232 DIEET
HhohTws,

Add & Norm |

Feed
Forward

Add & Norm

Multi-Head
Attention

2.1: Transformer &

Multi-head Attention JEiZ, I () ISR T X512, ANINZXRZ b XITHt
L, AW, W' W' DHEICE->T, Q(Z7Y), K(¥F—), V(XU a—)
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8%, fBohzQ, K, VEHVWT, X (22), @3)1CL>TA :2FHET 3.
Multi-Attention & TlZ, EREANCIEZD 2RFEDOMHDIAANRY ML EIGZEIC, fi
DEDRRDERTEEMT 202 T 5.

Q=XW? K=XWF V=XW' (2.1)
Softmax(x;, x) = ne : (1=1,2,..n) (2.2)
Op_1€"

A= Softmam(Qj{E

EREETIE, NE@)ITRT LI, ATIRZ bry, 5260l %, 20
BREDOVY p; EEEERE o EFHWTIERET 5. ZZTREAIERIRX—KTH
D, yv; ERCKIEDRY ML TH B, £/ OWERT MLOBERIT L ICHEE L 5i#
HERT.

1% (2.3)

Layer Norm(y;) = al @(yz — i) + B (2.4)

Feed-forward Network I 2/@D 7 4 — R 7V — KX v U —Z7 TR I N
5. ANN%Ez;, BATHE W, Wy, X"{ 7% by, by L, z XT3 7 14—
K74V —RKEDOHII FEN(Z)) 1%, X (23), (E8) D L5 IEHHEINS.

GELU(z) = 2 - %[a ter f(%)] (2.6)

BERT Tl%, LD 3 0DEZTHMK I NS Transformer % 12 J§HENZ Z &
T, XORWERKENFEONS XSRS TS,

BERT 0¥ 81X, HRIFHL 774 v Fa—=v 7205 200FHE» O
MEhs., HFiFEETIE, KEDTFX Mo XO—BNRIMREH (EH®RERH)
ZHOPLDFET L. FRiFEHIEIUTD2ODRX RV 2R T TEBEINS.
12HIE, 7YX LIGBRUZZHGESR [MASK] WS b—27 VICEE#Z, Z0
[MASK] 123 2 REHFER THIT 2 2 W o /D BREE R 22 (Masked
Language Model Task) T®H 5. 20HIE, XOMZEZ, 120X H 5 1D
BNTHIT 20 E0ZHET 5 KX A2 (Next Sentence Prediction Task) TH 5.
RiZ, 774 YFa—=r7TlE, BAREEBIHOD 2KEDME (X R 7)) Zf#
(7D, ZORRIZDINANETF—22HEL, HHi%¥E LA BERT €71
DRIRRZZDRAZIZEDETERTL. ZOLE, INANET—XDE
FHEHDET I VW IR TWS., T2bb, BRIFE THHNRET V2



L, SNEZXRAZIZEDLETHET 2T, BOlHEEEFoEr v 2285
%. BERT X, X728, MMHE, SEBEGREHR Y, BASEUHICB T 24
RRAAZIWZIGHTE, BOWIEMENMEOLNDS Z e HEINTVS. RifELH
& 3% Twitter T—HF DHERIHEEICDHIEHT 2 Z e DA[RETH 5.

2.2.2 Vision Transformer

Vision Transformer[d] (¥, 52 6 NZLEERERENT FVICERT 5 ET LD
1 2TH3. BERT [AHEIZ, 12 8D Transformer B TR I N/TZETILTH 5.
Transformer BIZANDRFRY|TH 2 Z & R REL TV B DI L, HfiX 2 XoT
DTF—=RTH5. D7D, ¥IHEBEZHRFIRCHET 2. 2E L LEGRLEL
oA FOIEIIER, 1 XRICORRINDIEHRICEIRT 5. ZOFHIC, FKRINC
B2 Zh 2 OREDHEHBB2EDO EDMNBEIZE L TW220DEREMZ 720D
A3 Vision Transformer D AJ &7 5. ZL T, REDOHBGRE T —&Z»56, EHEDO—
RN PV M2 ET AV HRIFET 5.

2.2.3 Light GBM

Light Gradient Boosting Machine(Light GBM) &, TREARZN—Z & L 7=Hk
FE7Z7NLTY XD LLITEITH 5. Gradiend Boosting Machine ¥ 1%, %k
Bk NP5 2 e ZHIE LTHWERREZEBEED, MOWERBREZENT 277
#ETH 5 [d]. Light GBM TIIFIWEEIERLE LTRERZHWS. IERLIZ, H
DREEIICN LT NIV » vz TEHEALNLERMZHEL, BE%2#ED
BT ZETCANT—RE2REHITS2ETNLTHS. HEDOEZD NIv] 2 Toun
Z) K EKoTTF=&»plkdh, ZhXBEENICHEDEEINSLD, EF LR
BARE TR EINS. —RDIERETILE Light GBM DEWYE LT TD A
BT o 5.

Leaf-wise tree growth —RAVRIRERNIITIHI N 5 F TIIAEZREREED )
WD Lo wFEEEINDH, Light GBM TlEZD X 5 2HiliNdERan
¥, BRORENL VW TR ZDORKRTT — XD NADIRE 2.

Histogram based Efi% 8 T 2BICIFEM OB X 255 225, WL 20D
T—REFEOTLAN I LZIERL, ZOLANTT LZTTIZER DG
MifEEFHE T2 2T, ZOFEEZHIHT 5.

Gradient-based one-side sampling ¥¥ TEX TWRWEREZEILTS7-012,
BREDNNI VT =RIFHOH L, BREDORZVWT =X 2K T Z & Tl
TR ERDERS T.



Exclusive feature bundling #HICHWER MDD S B, FrHTHHEITHE
DHEVEBOREMEFZ Ve DIck e, RNBZHIIRT 5 Z & TR EZ
5.

2.3 FHARXDFHE

Twitter T—HF 2 MR & LEMRHEE OFATHIEDZ1E, YA — b (FFA )
R LBz 83 5. Sasaki 5O I D XS, VA—bDTF
2 NEEREEERBLI-TFIEDHZD, TFALCHEB TR ZDEREEE LT
Mo, INSEHAEDETVWS., ZHUIHRL, RFFETIE, YA —bDTFZ b
LR FIRFCE B U 7 s 2 akat - FE T2 H T, 7% X b HEGOME R
"z, 2k MiHEEDIEMELEA LI 2 FEEERST 2. —F, vA4—
FEF TR L, a7 4 —)VEHEZ Y, Twitter DR A IEHE £ ME e LTI
ZTHT A2MEDBITONATVS R, KRBT, KDZANREREZD EIT1—
FOMRZEHICTHIT2 2 Z2HS. 32bb, EOETHELD BZL O
HOIEMEFRICERLI-ETLERET 5.



= N

FIEFE IEEF

AREZ, AFFRORMBEFIRICOVTIENG., AW, KEDIIRT 4 DDFHh
XICkoTHEDOLND. BDIZ, [2—FDOIEE] TlX, MHIDBE)IZ A3 H3R]
AEZR Twitter Z—HZ23#H| L, T 2. XIZ, [Twitter [FERDINEE] TIE,
L7iza—HD7a 7 4 —VEHRPY 4 — MERZINET 5. KT, [HEHEBDOFH]
TiE, WELZEREZ b L ITEBOEEZYE T 5. &RiRIZ, [7— XK T
&, FELEDEELZD LT NN E T X2 HEIRNIHEL, ToiliT —
RIZMZ 22 e TAlRT — 22k T 2. F7=, HBREZEDIIT — & 2 HWTHE
HHEE DD s 2 B EE T 5.

IR, ZhooFhxoiFfziitls 5. BT, [2—YDIEE] & [Twitter
TERMOINE 1IZDOWTHN D, BAHITIX, [PHEHEBOEE]ITOVWTIHENG, FERIC
BIHITIX, [7— XK ITOWTHERS.

I —HDUNE

A\ 4

Twitterf& R D UNE

3.1: EEoHih



3.1 F—4atv DIEE

22— O EFHT 2ET N EFEET 272DDF7T—% 2 LT, Twitter D
2—, ZOWRIZ L, ZOZ—FIZHTAER (VA — e a T 4 —VEK
RE)EMOF T =Xty P ERET S, £T, Twitter T—F D55, FEHAAN
ODHEINIEEfT G LT VWEeE R, FEXAD Twitter 77 ¥ b ZINET 5. X
12, FHAD Wikipedia DIEHRZ &2 SR Z ~ov 2 BB 53 5. 2 0D1%,
BRIV ZMHE L2 —FIZONWT, ZO2—FDBEFE LY 4 — b eHiffRz
COEREIIET 5.

3.1.1 NRII-—-FODOEE

BLZb R £ 912, 7—XEy MTNERT 2 2 —HI3EHANE TS, FHANZ
TRT 4= NVERHLTWEZeHEL, F7 Wikipedia & W\ o 72/ 5 EHR I
A2 HEH T = 2 IERSTLH I TWB 28 d b, W2 BENICS AT T
X ZA[REMES BV E B X 27D TH 5. BIRIICIE, Twitter HAZ + v 7 —#ikk

BI7vxy (A s, B2 THEOT VY P EINET S, Tru Y —HnE
WL —HFDEZLIX, EHANTHEZ 2R LTWS,

3.1.2 MHoBEsFANILTIT

PWE Lz —Hen LT, HHloBE 7 AN T Z2ilAa 5. ZOFHEE2LT
2B B .

1. Twitter T—H% D Wikipedia DR—I ZHF3 5. KBE2IIRT LI, I
WRL—VD [2—HH Wiki) ZBMRF—U—Fe L, MRV Google
PRHWTY = 7MRE2ITS. MBHERO EA 5 LA, Wikipedia ~\D Y
YIMBHBEE, FD Wikipedia D— D URL 2HIF T %. Ro»bi
WS, FO2—HET Xty b SERATS.

2. NPID Wikipedia ®DR— 121, Infobox IZZFDANYID T 0 7 4 — )LD EL#E &
NTWBED, HHlOBRZEHZ N TWRWL., ZF2T, RADHER S
PHBHEE T 5. BARRNICIE, RIB3DOEIIRT X 512, BfS L 72 Wikipedia
WHEBIA TV Z—HFD S n 74 —LEGEEPIIET 5. K2, ZOHEE
WXL, Face++[B] Z HOWTAYIOMRZHEE S 5. Face++dA > 74 >~
Bl 77 v V74— L THD, HEHOHEHZERTL2IENTES. 5
2, LI ORI EHE TS Z b TES. Facet+HIE\ W FEE T
A S ITHERHEENTE S Z e BHILNT WS, 2D/, RIFFLTI
Face++12 X 2 MHRIHIERESE 2 Twitter Z—HF ORI Z oL e L THHE5T 5.
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3. Wikipedia D R—JIZAID 71 7 4 — VEERBH XN TR Ve T,
HEGRERIZED, ZOANVOHOEGRZINET 5. BAEMNICIE, MB3OH
FIRT X512, WikipediaDx> bV (NV#) ZBEBEXF—T—-Fe LT
Google HfRZR 21T\, ZDMBEREED EAL 5 oG ZEF3 5. Face++
ZHOWTKEBROMERZHEL, ZOZEI L > THERIZVENET 5.

X B3 DA RO, TIAANE] 1220V T, TMan:1] 1% Wikipedia ® 71 7 4 —
JVIER % Face++THIE LIAERPEMTH 5 Z &, 'Man:5] 1% Google Ef5F%ER
D A7 5 DEIR % Face++ THIE L7AEROETHHEETH LI 2R L TWVWS.

Jx0- JA0— 2R
LTn3 FNTVWS
BTS JAPAN OFFICIAL 5 13,170,774 4206 GO X ,'/ Q
1 #BTS JAPAN OFFICIAL Twitter
BERME | HBABTRHAEDEW IRT Bzai-2 PEKR DBE O avbErd i6o¢R v-IL
2 FHABTEIEIEDZL #MZDAO
) 466,000 45 (0.4:
94 9,043,654 924
3 sornt https//ja.wikipedia.org > wiki> i AE v
H/\- =+ ki i
w2 77asprs 27 AN - Wikipedia
Z N WES OeU/1963E (BRAI8E) 9A8H -) (F. BAOBELSIL b8

633 7,003,681 5044928

6771 6,194,232 41777

> (B%NIVE) - Wikipedia
(DOWNTOWN) (3. EAREICHET ZEERN AT 523ARDE
KRR BB S

# 1664947 5,969,079 409114 https:/www.wikiwand.com » Template: AR A v

Template:/AZ A - Wikiwand

MASSS T (20014E~20034, 2005E~20106, 20165~) - AGHADTASRE -
IPPONJS> T - BREAE. HAEHE7 RUTES1T - RE1X)

hitps://twitter.com/matsu_bouzu

AR (@matsu_bouzu) - Twitter

X 3.2: 2 —H¥ D Wikipedia < — ¥ DHS

3.1.3 Twitter [BIRDINE

Twitter T—H %2 EE L, FOMHIZ RNV EZRE LR, ZDO1—FDMHRI%H
EINCHEE § 2 720 DIFH (DU, Twitter [H & FER) % Twitter 22 5HUF 3 5.

3.1.3.1 UN&ETY 315k
Twitter 121X, B4 RIERPELH I N TWVWE D, AL TIIKBA IR T 6 fEE
DEFERZINET 3. ZhZTNOBEROFEMZ LI RICRT.

1. AwA—Ei§: Twitter DL —FR—I D LR RINAIBEDOHEE. =
DERIZZ—FDHHICRETE 30, NEPLEHALRY, Btk > THEE
TAHEBRICENDEDH L EZONS.
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Go gle HWAAE A v Q @ i

WMARAEDIZED
15 R
RS R)L Man:5
— Man:1 or Woman:0
None:0

X 3.3: A\¥IOERDEUS

2. 7OT7 4 —ILEIK: 2 —HF D7 A a> ik b VA — P77 410 ——
BROKEREND. 071 —VERICZ—FOEN D 24546, HEHHE
DBENLEFHILDICRZEEZONS.

3. A—HY%H: -V OHHE. Tu T4 —LEREFERICY A — MR T v —
—BREYWXFRRENG., 2—FHRL L Tov I x—a0MfibhdZddbh
X, RANOAFIBHEONTWEZdH 5. BES LW, ZWES LW
HiD3d 5 X512, RANOHENIMERHEEDE N HRFHI»D IR S.

4. BBBNAX: 2—VFEHBFCE>TEMN-HOHN . 22— R—P D71
T4 =D AICEREIND. BHOOHNMZ L TWAXETHE-D, ZD
NERPEXHIHENENDI EEZIONS.

5. 70— 2027+ —LTVARFO2—H (7+u4—)DIE
e IGT 5.

6. YA — MR 22—V LEYA - 2HUST 5. 7F X MRITTERL
EARHEGR D IF T 5.

3.1.3.2 BIRINEDFEH

THERDOINEIZIE TwitterAPTI Z{EH T 2. 7’17 4 —LHEIgR, ~v X —H{§IZD
WX, RO URLDPEUSTE 3. ZO URL2SEREXE Y a— K55, 21—
P4, HORNMXE L —FR=—IJICFREINTVWETF A MEROARIUEET 3.

Twitter API TlX, Twitter DL —HR—=Y LT 7300 —] 2FRREIND 21—
P (ZDI—HF %7+ —L T3P —F)DANER 7 rm—H) e RRSh
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~y X —Efk
707 4 —IViE S

1-¥4
HEBMX
@r
FRES% : CEETYEYS o @ 73.”_1'%#&
6 2013&E55H S TwitterZFIA L TLET
O S > e ® VA — FER
vA—h YA — hEEIE AF AT L
@ MEAE @ @matsu_t
rE-X
TRAHMD k.  Jassssssass }@
RANDDBANT EALEBHIC)\I LTIz, BANDIBAITES

QO 1251 T 41 Q 1225 W 1,03415 s

X 3.4: Twitter O L —HFR— I D]

22—H (ZOL—=HFR7 408 —=LTWEHDI—Y, ThbbE7+ru/f—)DA
B2 Th,T7ra—H) O2—FHIFUFTEXS. ZZTHRLI—FD7 41
4 —FRRI00H4T Y ZLGRY, 207 Hv Y MEREBUST 5. X512, 7+
04 —DHOCHMNMXEIEET 5.

VA —MERELT, 2—YDPEBWLIV A — RIS T 5. HfE Y
A= EEFBLTWEEE, 7FX M eEBOMAGEEET 2. V41— MIH
BTEXADLY A — FDIEMNIZ, VYA — IR —FDY A — %
SRLTVA— DD D. ZI TRV YA — MINEDOHRx BT, HEDY [ —
FERAI00HHINET 2. Kb BRI, YA—FTFFRL, VA4 — MNEK, VY
A —bML7-HFZEIST 5.

Z DMz, Twitter API TIXBREHIROFEAE H 22 ¥ OIEM D BUF T E %23, AR
TIEH LW, [EL W,

3.2 SDEEIOFEE
3.2.1 HE

AWFFETIE, WHHEEX R 7 2RO XS ICEHRT . 52 bl Twitter 21—
FetL, ZoMRlERTRa7E2THT 5. HilRa 7k, BRI, &t
DRI 0T 5. ¥/, LITEWEZEENTH 2R8I E L, 0ITHWEIZY
L TH AN BV EIRT 5. DU, MilRa7 2T 27 VEHIC
M3¥EeR 1 LR,
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AL TRE, WHITRO 7D ITEBOEREZ Y, Zhzholfiz At L
TR e BREEE T 5. AR THEE T2 0BG ZNCEe D 5.

o VA —bFEMRE LENEE. VA - D7 XX HBOFERERELE L
THW3.

o Twitter #iat&IC X 5 77 HH8R

o 1—VHIT K B FEE

o U7 4 — VG v X—H{§IZK D 0EE
o HOMANICT X 250880

o 7 1A —0HIMMNUT K B0

o MMEETN. LFELONEMEHAE DY 7.

BIATELIETIX, oD HEEBOFEMEZHHT 5.
PR OB AR EET A DITHWBETFLIZOWTIRR 3,

o DTNIETHANLZBERTIE, 7FAMEAN LB EZYEE 529
WHWS. BARFNIZIE, VA — b7 F 2 MREHOHEN X Z W08 D%
FITHW3.

o DZATHETHAS L7z Vision Transformer (&, H{f%Z A1 Lz rFE T
B0V E. BRI, VA — MEgR, a7 4 —VEgR Ny X —
B2 W7 0 fHeR DEE IV .

o IZATETHIN L7 Light GBM 1%, EIIT7F R b - HELANDIERE AL
LRI WS, BARANICIE, Twitter Higt&, 2—¥$, 7
04 —DHCHEN AW EROEEICHWS., £, MIGET LY
FIZHHWS.

3.2.2 YAI—brEXRE LI-7LES

CIZTREI—HFIZ Lo THEREINLERDY A4 — 26 Z2D2—FOMRZ T
HF 5. FrZ, YA—1rDT7F R M BEHBOWMAZEZEEL, ZObDMHAGES
W EoTHBOETNVERET 5.

PERFEEL, (1) H42 DY A4 — M3 2MH0HEE, (2) 21—V oMhlHEE, @
2BRFETITS. FZ LI ICRT.

1. & DY A — MR ULERR a7 Z2TH3 5. BRcdRZ=X 512, HERIRa
7iE, 1O EEENE, 00 23 ERITIDOLTS.
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2. A—YWEBELI2EH DY A — WA R a7 62— ORI R RET 5.
CORE, UTD3@EYDHEERHT 3.

Tw-ave V4 — DM R a7 DG ERD, 05U LD 2B, ZHR
WO r ZLEEHET S, AN, ZOHiER Tw-ave ELT.

Tw-soft V4 — F DRI R 2 7 % Softmax BEZ HWTIERILL 721, 7t
Y e REIBRICHER R a7 DG %KD, 0.5 2EEE UTHERERIRET
5. LUN, ZoOFiE% Tw-soft LiLT.

Tw-sel Softmax BIENIC & 2 1EFH bR, MWHlZ 5 RBIHERIRAa 71 %
7213 01E W EA7 10% DY £ — b (GEF20%) &Rl L 721%, Klzr e
FIRICHERIR 2 7 Dg %KD, 0.5 2EE L THRZTRET 5. XU
T, ZOFEE Tw-sel LELT.

PR, A= F2NRITL Al 4 DRFEEROFHIICOWTIENS. 7435, Text only
model & Tmage only model ZFR\W\WT, YA —FDT7F R b EHBREFFHICERE L
TREEEET L E Ko TS,

3.2.2.1 giLIE
SPREEEFETBHNC, VA — FOFFZ MK L TUA T ORI ELTS.

T+ X FUANDXFFIDHIER: URL, V774 (i 2—FADY A4 —+D
RE) TRRENZMHFL—FH, Ny > a X7 2HIRT 5.

o IMXFOHIRR: X FEHIBRT 5. %R T 2 BREREMNTY — L MeCab 1355
TFHHE LTV, BRI SCFEREIRT 5 2 & CIEREEMT DM
DRSO T.

SRERARAT: BERT NIIHFEORINEZ AT LTEZBRREDH 570,
RERENTY — L MeCab ZFHVWTY 4 — DT F A N ZHGEIZHE]T 5.
—7, VA — FOEHRIZN L TIELL R ORI Z i g,

o EHIfH A XDH—: VA — MIIFTTNZEEOY 4 ZFH— L TLRY
DT, Python OEIGIREZ 4 7' F U Pillow[?] & FHWT 224x224 DH 4 T
M—3 5. 1 DDOHRDOEIFZRGBOR, &%, H)DIMETRHIINS D, HE
T—RDORKEXNTIx 224 x224 72 5.

15



3.2.2.2 Text only model

VA —rDTFAPDEEHCT, WHlZHET 20 HHTHL. ZO7—F*
727 F X ZRBEBITRT. £7, JIfT—%ZHWTBERT % fine-tuning 3 5. Hi
HEEHDY 4 — + 7 F A % BERTICATIL, T68 ILOREANY b %155,
KT, BERT 226158 50 7RHEAR 2 b Lz 24658 (Fully Connected Layer; FCL)
Y. ZOFMERIBDITRT. REICEMAEE D)% Softmax BIEU AT,
0L ETBUROMRIR 27 (Gender score) Z 115 5.

AWFFEE T F R b & EGRZ FIRHICE & U7 ERHEE € 7L OFEE I fTe s,
Text only model 137 F A PDAZHWBEETLTHY, IREFEE DHEICH
w5,

o ANNIHTIDEDFHAR Y bov, HINIMAZ 52D 2RTTRT ML TH 5.
e AN/ =R/ —FRoeTofflicy v 2 %2ks. (£25)
o JEME(LBEIE E LT tanh(x) ZHHT 5.
o ETFIIVFHFFDORIE
— PR OHEKEIL Logloss £ 55, y & d i BZBHDOT— RT3
THIE L EfHET, nlEFlT — 2 DMBTH 5.

1 n
oglLoss - ;:1 og y; + ( ) log( Yi)

— Dropout 213 0.3 &5 5.

X 3.5: VA4 — M T 3 08EBICBIT2eEE
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Gender score

X &
(WA—H)

3.6: Text only model
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3.2.2.3 Image only model

VA — MBI NZEGEDOAZHNT, R EHET 2 0ESRTHS. Z0D
7 =% 7 7F ¥ 2XENIRT. BARRNCE, 7, JlT — %12 X o T fine-tuning
L 7= Vision Transformer 12 & - T 384 ZITDBHRDFHANR Y %2185, RIC, 15
HNTRHEAR S P ZRBE IR T EAEEEICE L, Softmax BAEZ 22 THERIR
a7 %G5, BB, VA4 — MIEHEBEPEENATVWARVWE 2iX, ET7LDOEE DR
WA T — 2 RN 5. 72, THIRHCIE, BERORWY £ — MIHER
HEE A7 9. Text only model & [A#kIZ, Image only model &, 7% X b & Hf%
FRFICE BT 2IRETiE L DLLBICHW 5.

Gender score

Vision
Transformer

Ef%
Y1—Hh)

3.7 Image only model

3.2.2.4 Early fusion model

VA —bDTFAHEHGERFHCEERLT, HHZHET S, 207 —F7
7F ¥ ZXBRITIRT. 7F A MIBERT, HEf#X Vision Transformer IZ & > T#
NEND 768,384 KITDFENR T bITELT 5. 727210, HENZ WY 4 — M
W BEBEORHEARZ bLidtuaxs bLred 5. Rz, s zEkE L7z 1152
RILDNRZ LR BRITRT 2AEEEICTE L, Softmax BIEZ 2 THERIR 27
%1%%. BERT, Vision Transformer 22 5H NI NRHEEZZDF EHETS 2
T, MADREEZZER LIMIHEET VR EETE2EZI 6N 5.
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Gender score

Vision
Transformer

3.8: Early fusion model

3.2.2.5 Late fusion model

Early fusion model £ [AJ U<, YA = DT F X+ e HIRZFRIZEET 53,
M ORHEAR Y PV ZRIUEM L R THAEDES. 7—F 77 F v 2B
AT, TXF XD EHEHBEZNZNBERT & Vision Transformer 12 & - T 768, 384
RICDFHENR T FOVICERLT 5. TS DRERY FLvE, ZR 2R BEIRT
fEEE (72720, Ao/ — R 4) 1L, 4 KItDRZ MVICERT 3. Z
NoHEHEE L8 XTDONRY b, RIBEIIRTHOEEEEICIE L, Softmax
IR 20U THERIR 27 %18 5. Early fusion model & OEWE, 7F 2 b & EH§
DFHENR T b % — AN RITTERE L7212, #HAEDLE2RTHS. b 50DF
ENT XX M EEGZRRICERT 270 LTEYID, EERICKDREES 5.
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Gender
score

Vision

Transformer

3.9: Late fusion model

3.2.2.6 Dense fusion model

Early fusion model ¥ Late fusion model Z#lAEHEZET N TH L. ZDT —
*¥77F v ZKBEINIRT. BERTICK -2 TTF R b % 768 RILDRHEANRZ b
IZ, Vision Transformer 12 & - CTHIfR% 384 ZITOFRHEANR T bz, Zhehzsil
3 5. XIZ, Early fusion model & R UAETEMEEE (72720, 1D/ — R
3 8) I L, SKILDRHHENRY M L2155, ZHEFFAZ, Late fusion model &
W CHETHRED 8 KITDOFHHERT b Z21§85. THH6DORT MLZEFEL T,
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3.10: Dense fusion model
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3.11: Caption model
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3.12: Ensemble of Text only model and Early fusion model
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Early fusion model Z#H& & O 72 Ensemble model ZE R L TW5. EEROKER,
Ensemble €7V OEREDIEMEHRIL 0803 L& b, o o7& D b EMHRH
BV BRI N, 2B, Tw-ave, Tw-soft, Tw-sel DELIZETNMITE > T

ITw-sel 13 AT LDOAREED-DHEORR Y Lizh o 7.
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B h, COFEPRETH 20 2HmT 25 2 8 IldTER.

—77, #Hifi7 — & TlE, Image only model & Text only model & D & IEfEZRH
=<, Caption model DT F X + e EHRZFFHCHEHT2ET LI D E.
EUANTE RO —FDGHE, BRICTX > THRET 2HEBICHEERENDL D
D, 77X A MEDHEROFGHBERHIE DE H7ZF035 D127 - TW 2 A[EEMED
»H%. HIFME Caption EF VT, HIERL 72080 HTIEEEDBHEZ D T
5. ¥7, PIT—X0EEHREEZR 2, 7F XM HBEERICEELH
D (Ensemble €7 ALI D) 7FEIRDOH T, Caption €7 VD IEERI R D &
V. HBEHDIABNY S CERT DT RS, BHRONEZRT7TF A b
WEBLTHh 6, VA=A & IZHlZ TS 2 & IEFERDM LT 2D
BALIR RN,

W7 — & L7 — X OEBFERDEBVWEZEE T L. #IHl7T -2 Z2HWLE
B#Tl%, Ensemble &7 /L% R < BIRD 7 ¥HZR Tl Text only & 7 VD IEMERI
bRV s, HERED DT XX OERPIEIHIEENTHEEERD. —
77, FHifi 7 — & TlX, Text only €T NVDIEMRIFMEL, 7F X b &LD HHEBGDIF
HWOERHIEICENTHEEERD. T —RIEFRIEFULANDL—FTHD, %
A7 OVIZHBEINZAT G 2R TW 20T L, #Hii7 — X IEFE I —Hfo 1 —3T
HY, HHZ_AVIANFTHEEATVS. PIll7— & LFliT -2 TT ¥R
bR ERREOBEMEN R ZDIE, FRHOLS BT —Xty FDOEWITE
KT 2eEZLNED, Toxh e LAERRERIEDIL > TWRY., ZhZFE
T5IRTROFETH 5.

4.3 Twitter DIFIRIC & 57523 D 1
4.3.1 MHRIHIE 7D EEES D FEA

AREITIXBZATHD & BEZRIH TN DR O MREZ F M3 5. nEBRO¥FY
WKWHWS F—& e LT, EINETERNZEYI T — 2 258 L TR s -3dllT —
REBRT -2 E2MHHT 5. DEBOFEICHWS T —&X & LT, EI3HTHEN
TRHili 7 — &2 2 W5, SEREOER AR, SoBERIHEHIS 2R a 75
0.5 L ETHAUTFEME, 0.5 Kiii T HIUILNE & Tl L 72RO IEfRR %2 FEfi e & 3
5. WMRERIZITIRT. Tw-2W0WS V) 7 49 7 ATREINT=0HERE, VA —
MK B0HEHED S S, RIOANIRTUIT — 2 2 0 PIRER TR D EFERD
5o 72 Ensemble model ZH\WT W3,

MEETIVOIEMBRIZ0.851THD, Hr0nfHIRLDbEV. V41 —bDTF
A M REGZIT TR K, Twitter 2 HHE LN 54 RIGHREER S 5 Z & o3MEHIHE
EDIEMBRDME FICFH G T2 Z e PHRTE 5. MrxDRHERTIE, Tur g —
VIR % W R O EEEN R D SV, FHliT—XNOB L Z 100 4D 21—
FIZOWT, 20707 4 —)VHERZHEZR LTz 25, 69%DL—FB—ANDAY
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DAHEBS T-HRTH B Z e DRI N, ZDD, a7 4 — )LVERITLI—
PARNDEFTH ZA[REELE V. o, WHERBAB TR T, 774X
ENLI—FARANERAZTIONE2F Yy 77 R—ThHoleh), HERF¥ 77 X—,
EYIOEGRZ ERHEONTED, 20X REERD L—FORHE 7R LT
W3ErWz5, MEDOEEHERTRICERZD2S, a7 4 — VERITHERHEE D
EHRERTH S Z e DRI NT-. ZRUTX L, Ny X —EHi§e L TCXERERE, o
o, BEBH, Y—AOHEHERENRHEOND ZeNEL, a7 — et
N T2 —FRANDERZ EHZFR L TOSAEEMEIMEWV. ZD 72N v X —H{§R
DA% AT FESR D IER#RIZ 0.599 Ko7z, F/2, 22—V HE AW 5ES
HIERRNE L, BENCHEENIRLS BN TVWE I E2RBT S, 7404 —0DH
SN ST & 205X, U200 CIXIEMEN RO K o /2. HEE
REMEEY T H50HW 3 bag-of-words ET IV TEREMUERT MLV EER LI/, TF
A b OXRIE DTSRI IRV, 207D, XREEBL-ETLEHWS
YT, 7x8A =DMV EIROMERENA B3 B AREMED D . W
Z213, BERT ZHWTZNZEND 7 + 04 —D H BN L EEHER Y I
L, FOVHYRT b EHENE LB EEE T 2EIEZIOLNS.
#AET MI Light GBMIZ Ko THBEMSRZFE LT\, Light GBM TlZ, #
%k@ﬁbtﬂ&@fﬁ@%ﬁﬁ%ﬁﬁ?% ERTES. KEDICS ZIE, Light
GBM IR L TIRERDEDLIN TV B D, IMERICBIT ST —&%) ﬁ@%
Wb -EZ BT 3 EMOBBIC X > TEEOBEEEZERLTWVWAS. i
TMZBT 24 DNHEBOBEEEZRIFITRT. BEEEIEVODIX, Twitter
et BIC K 208, 7404 —DOHCMHN I X 2084, BB UT K577
B THB., Zo 0 HEBIMEANTHOEMENRICE VDI TR WD, #i
BETNMCBIZ2EEE ISV, ZOHABL LT, hogfEETREREINLTYL
RWHEOREDIEZ 5N TE D, MHlEEDIEMEOM LICKELFEGLL
EZoN5.

£ 4.4: & DEARR O RITHEE T A DR 7 — 21205 2 PERIHEE D IEffR

Tw-ave Tw-soft Tw-sel #sl T —¥% EHE-P EHE-H EHE-PH HE 7+ HCE (A
.697 .697 699 .636 .764 .810 .599 .643 .656 084 851

H>

(FFEROIEE) Hiah Twitter OFHE, ER-P: 07 1 — LI,
Eifg-H: N v X —Eifg, Eif§-PH: 707 4 —L&A vy X —E{§,
Ho: HOWMNAX, 7+HC: 7484 —DHHN
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F 45 MEETNIBIT 242 D HHIROEEE

Tw-ave Tw-soft Tw-sel Hial = —¥% HR-P HE-H HEG-PH BHE 7+ HC
296 295 232 363 465 284 211 214 342 363

4.3.2 T —Z RO

AT, BIETHENR T — XIRONR 27l S 2. B CaHE L 7 11 i
DRI ONT, U MIRTRERZIMT — 22 HWTHEREEE T 5.

YIBAT— 2 T — 20 A ZilMT—2 3255

HA+HRER S WIHHF — X 2N 2, B3R IHTHRANZ AL EIC L 37— ZHLIRIC
XoTHEbNZHH S NN EF—XilHT—&2 e LTHWSEE. [S)
EH2FH (Self-training) 23R 3.

VIHAHIEER T WA — 2Nz, B3B3 IHTHRANIAREE TN & 37— ZLIRIC
FoTHEOLNTHEZ N ETF =BT —& e LTHWSEE. T &
a7 L (Integrated Model) 223

AT — X TR EEE L, e AV TEHET — & 02— oM H & H#
EL, FfERERD2Z. 7F— RMWRIC & » TIE@ERBM LT 20, HOFEEIZX
57 —=RIEREMEETT T E BT —RILERD &5 & DRI ZRFET 5.
EEER PR OB IRT. T —&28 T — &) DT, Foa OHEEH
ROFETH 5. HIA+HHEIRS) & TRIHAHIRER 1) 13 RO EERERE ST 5.
B, e, RS TRk ) OFEEStr TRLET
ADBELNS.

£ 4.6: T—RILIRZ AW THEE SN 08 O M RIHEE O iR
AT — & | Tw-ave Tw-soft Tw-sel Hial = —¥% EHR-P HEG-H HEE-PH B 7+ HC |HE
WIS —% | 697 697 699 .636  .764 810  .599 643 656  .584 | .851
AR S| .656 719 599 644 769 755 .553 603 664 612 |.806
WEA+HERRT | 749 763 736 694 795 808 577 675 699 507 | .806
(DR OIES) Hiat: Twitter Ot E, B{R-P: 70 7 4 — VEIE,
ER-H: Ny X —E{R, EHR-PH: 707 4 —L&N\y X —HIR,
Hd: HEWHN X, 74+BHCO: 74084 —DOHCHENX

TOIHHHIEER S OFERE R 2 2, IRT—X 2 HHT 2 2 2T, fHixDfE
TREMBRA L LD 2D, MAETTNVOEMRRBIIFMELRI-7.
WIERRDE P o770 7 4 —VERZ W 0RO MRS K E KT LTY
520, MAETNVDIEMBEN0.045 R4 ¥ N "o 7.
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WIHA+HRR L OfERE /2, WIllT—20AaZilT -2 LGa Lt
NT, ZLOFHEBICOVTIEMRENM E L2 MR TE . i, THH+
EAE S) TRIEMBERNKEZLE R LT 0 7 4 — VERIC X 3 0 8E8 O IEfERI,
TOIHHHRR I TR ZNUFERECIFMERLTOARY, LaL, MEGETLVDIE
fRRIZT — RYLRIC K > THE Lo 2. THIHIHEE S) ¢ THIHAHER T %
T2, 1L ACDDHEHETHREDHDIEMRAE N, BETIE, HET—
2EBEFEL LT, TRAZTRDETILONRD D ICEMRROEHWHEEE T LD
ERERICFEDONT IRALEZRD T NE 20, ZOMBIZEATHZ. 2O i
5, SEOEBRTIIHEE T IVDIERRIEZT — RILFRIC K o THAL L L&D o 7223,
HENRR 7 — 2 O E D L34, T — X oA IER oM FIcFHF 53
ZE[EEMD D B, £/, SEIOEETIX, HAcDDHEIETEMNT 2EHEER T
W23 57012, HEDEEED LA 3000 FD T — X EEBMUH, H5BMEL L
DIEFHEOHEFOAEMT 274, BEFLERST 27 —X DM Z XL DFED %5
5T TRVVDETH 5.

T — RYLRPIEFRR DM EIC OB S o 2 RREHES 7280, EFHERD X
DEEZ2 T 21T 5. REnE, BEFEH IS 37— RRIC K - T, JllfT— &
LLCEMEN 22— MR Za 7D 0 213 1ISEWEEZRL TWS. A
ZED 7 — ZYRR T, I (BD) IR LHEDEFBREE D & W B 3000 D 2 —4
TR Z N5 LTI T — 2B L TWa. 20 3000 D 2 —35 DM
2a7D56, &b 0IIFWVDHD, LITTEVWDDERN, e T —X%Z2BINT 5
PEPCBEE LTV, YA — M X 20888 (Tw-sel) oAy F—HI{RIC K 3
SRR, RIDOBIMED 0.5 128 WVWD, TS DDHEERIET — RIEIRIC X - TIE
fREMNE E Uo7z, 2L, HAlRAa 73058 TH 5, HIEDEKZ 22—
YRR T — ZIBME N, ZOIZ e PHHEEBOIEREOIKNDORERIIZKR > TW»
2rEZBND. LL, 7484 —DHCHN T X 25756 MIED 0.5138
WS, F—RIRIC K D EEREFA ELTWS. £/, a7 —LERICK D
SR, BMESHE 0 213 LIEVDIBEDHL ST, EMERFETFLTWL
5. TNHDREEIZIZ- ZD LAV,

F AT PR T— 2 IEME N 22 —F DRI R 2 7 OF#E
Tw-ave Tw-soft Tw-sel Figlh 2 —¥4% H{R-P EH{E-H EH{E-PH B, 7+ HCO | S
0fdir| .341 .366 445 364 277 207 426 393 .018  .311 |.053
1] .659 633 555 635  .722 793 574 606 981  .689 |.946
(DR OMEE) KiEt: Twitter DT E, H{R-P: v 7 4 — VEI,
Hfg-H: Ny & — %, Ei{R-PH: 707 4 — L&y X —Hf,
Hcd: BOHMNAY, 7+HC: 7484 —0DHOHENX

Mo21%, ZNEFNDO3HESS CTalHliT — & O —F OMWHIZ FHIL 72 & =0 HH|
2a7D0MERLTWS., TNERZ Y, DEBICX->T, MilRa7ido
723 LAHEICHEIC N5 b DEZITHRWSDNDH 2 Zehbhd. fHlzid,
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VA — MK 208 (Tw-ave) TlE, 77— XIRRICBWT, LHELHETS &
ZDOWHNZR 27X 0BV DONRZ VDI L, BHLHET 220 Ra
T FNEY 1L R TOWRWY., ZOoZehd, VA4 —MZEBEESLX X

DBLHS L EXZRBT 2ERNIZ VW AR TE 3. £/, HOEM U X
MBI X o TN ZWRI R 27130 %7213 1 TSRS IR - TV 328,
ERIZZUIEEL RN e 6, B (F3h) zEWEEE 2t (%
TEBEME) WCEHEL TWR TR 5. ¥l —& L iHiiT— & £ THCEMNM XD
NBICKEREZDR D ZAHEND B 5.

RIS, T—XIEREITS 22T, MAlR a7 onHm» 0 7213 1 121F 5 fE
MBRONDE. ZDZ L, 7T—RILRICT & o TIEMRENINEE L -7 ITO0
T, ZOEDI T3, %72, 7074 —)VERIC X 2 088%, 7— XI5k
WX o CIEBRMMm E Lo, KNI 2iERT 2 e, W7 — & v eRTH
A2 a7 DMmICHimZRED DR SNRW. Lo T, Ml a7 oD
DY AR DIERRICII D 2IREDOHENH 5 Z e @D 5N 5.

T — RYLRIZ K o TIEERIUGE LR WERE LT, Bilxh s 2—FDHEL
RO BREZ NS, BMEN22—FDZLBBUE -3 LEDGE, 7—
2ty NERIKTHRIZ 7 ZADNT v ADFEN, DFEBROEMREORTZHE L HA
ERhDS55. ZOZEEMAET 5729, HE¥HICX %7 — XILROBIZEN X
N-BEL—Y e - oRERE L. BRERIRNIORT. ZOMER, B
HHZ BMENZ 7R D HIUL, WEXZEBMXh20ER D5, L
L, BMahzB8 - eiEar—voucREhE2IR oML o7,

# 4.8 HOFHICX 37— XILRIC X > TEME 7= B8
58| Tw-ave Tw-soft Tw-sel Hiat T —¥4% EE-P EHE-H HE-PH BHE 7+ HE | S
ZefE] 1905 1905 1888 1899 1505 1057 1546 1074 1788 1206 | 1888
Bl 1095 1095 1112 1101 1495 1943 1454 1926 1212 1794 |1112
(DHEERDOMES) fah:Twitter OFiGFHE, HEHBR-P: 717 4 —VEE,
FR-H: N v X —Ei{§, EER-PH: 707 4 — L&y X —HE,
Ho: HORNAX, 7+HC: 7404 —DHCHENZ
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EHE HbHDOIC

5.1 AHAZTDOFEH

KX T, FEIZ—MKD Twitter 2—FOMRIEZTFHIT 2 ZHE L, %
PR ELZZ R LB E T 2 FERIRE L. MHlHEE DR Y
B 270120, Wil G anirT—2ty "PRETH L0, %
3, FIZEH/AD Twitter 2—HIZxF L, Wikipedia 72 ¥ OANFER% FIH L T
O BEZ AT 2TV, HillZ AN EDO2—FDTF -2ty b ZHEEL .
iz, xR T—& e LTI ZHE ST 2 02 FE L. BFEE 0~
HORMEE LT, VA —1, Twitter fiat®E, —¥%, o7 4 —ILHEIE, ~v
X —Efg, HEMEN, 7+84 —0HCMNM XAV FrovA4— s eHEke
T AT OVWTNE, T—YDPHREL VA — DT F A+ e EREFRIRICE
BT 55 0DNMEREIRE L. £, TS0 DHESENHNTT 2R 0TI R
a7eREe L, o EROFERZZR L T Zz#HET 2MEaET V2R
RL7 F/, LEOFRETHELLZIANUET - (WIAT —X AT
AT — 2 e LT RENRVWAJREERD 2 2, EHRADIZ—FIZTTNIL
I U727 DIz — D 2 —H 105 2 HRHEE D IEMERIPK T T 203D 5 Z
E0n, WIT — &0 o8 UMRHEE o iz T — 2 - ohl 5
AV BN G T2 Z 2k, AT — 4% HEHLR S 2 FiE2RE L.

REFEOFHED /-0, FIHT— 223, FXE, 7A M7 =220 EILTHE
PRDIEMRRER ZEE Y, 500 HIRED—F I AFTHRID 7 vz H5 L TE
U723 i 7 — & 2 T EaR D IEfER 2 2 EhiziTo 7. £3, VA—+%
FHEE L2 TO008R 2 0DORN—-RA 74 Y2 &) OWRIHEEDIEEREZHD,
ZNH R L. W7 — 2 2 HWFEERTIX, Text only model & Early fusion
model ZHAE HE 7z Ensemble model 23 b IEERNE <, ZDHIZ89.3% TH -
7=. —7F, iHiiT— &2 ZHW/2EETIX, Caption model DIEERAI78.9% & Hx D
oz, FIHT — & EFHi T — 2 Thm OIEfRRIE O N7 7 HHIRIT R R 5203,
VA —beHEBRZFRICER L TCOHEGREZEE T2 7 7u—F OEMED MR X
nrz.

RIZ, Twitter DR & RIEHRZ W 0GR R O NITHAET V2t L7z, 7F
fiffi7 — & 2003 2 HERHEE T d BV IERRIGE O NLDIEMEET L THD, £
DIEIF 851N T H o7z, ZMABFHELER T 2 2 & THIHEE D MERED A L5
5 ehbhrol.
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7 — ZINROFHIEE T, ERPRSESVREET MOV TIE, T4
JEERCAIBR T — X 238 L TH ZDIEfRIEM E Lo/ Z7EL, 4D
HAROHZE T — ZIRRIC K o TIERD M LT 20 H D, 7 — XLk
AHHEE DTEREA LIS EBNS 2 ATREME 2R L 72,

5.2 SEROFE

PHMIEE CIXER FIEOENMDLHERTE 20D, 7 — XHERIC & % [EffR
DA LR TE DR ONT-HDEHEDODATH S 2, HADDHEHIRTDH IEFE
BN FIEmL RV DO H By, WEDPDEREDWL DRI o7,
INEREEZ, SHROFEELTICELD .

TF—RILRFEDHE SHIOFEERTIX, 7—XIROEE, HEDEHEE I EHW
473,000 FDF — 2B, UL, BRODEIRITOWT T — XLRDO%)
RERNFICHET 272012, FBOT—2 %237 —2BMT2 X511 L7
H»TH5. L2rL, ZOAETFHEDEEEMENT =X 2T —% & LT
BAL, #Re LTIT —XICRODBZ L EEND KD IR - AJREMD D 5.
ZD7=%, »H5BMEULOBREEDOHE[DAZ T AT LIlT — 2128003
58T, JARERDT—REWOTHIENEZONS.

¥, FRLRIC X o T O 7 4 —VEHBRIC X 3D MEBDFERENKE K
RUZD, CORMEAHLREETHS. 5%, TORKREZBEL, EMERER
DERZHEDEL ZeBTENL, 871 —LVEBIC X 3 0EERZIT TR
BETNLVOIEMROUED HIAEN 5.

DEBORE 7+ 4 —OHCHNXEZRZ M T20HBZERLEE, BA
BAICEETN B HERLZEN, 20 TF-IDFEZEE T 2R~ 7 b1zl
L TR EEE L. 207, HEEDM UK Y O HRICE T 2 EHITE B X
NTWhhrolz. 22T, XREZERL=-XOHDAAREZH J1T% % BERT
ZHWT, 7104 —OHOHANXEEDAARI (B ML) ICEHL, &
BO7r0 4 =1L TZDFEERY bV ERDTLI—FORERT bL T3
ZeT, XREEBEEBLEDHERESETS.

F72, VA - MCX20EBRCHOMNM XX 20 EREFET A8, VA1 —
FRHOHN T EEN X F R L. LrL, Bty T %
BNFICELDH L EZLNDE DD, BRYXFIEMEL L THHAT2 %
MET T 20BN D 5.

FEERTIX, Twitter FiatEIC X 2058, 7404 —DHOHN U X 50 5EHR,
HOMNM T X 2 0ROV TIE, [EEREIEVDITIE R -7, HaT
FTNMCBIZEEE G, 2O ehb, ITALODHEIhDSEEIET
B ONTOERWHEORESAKMIATWE eEZIOLNS. 51, DX
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BRI E O L, ZHEIRINCEE Y LTRIH L D SRS L
DT LZZENTEDTFERREKET S.

HHAADTOT 4 —ILDFRA AHFETIE, 2—F 7074 -5 BN

EHL, ThzBHBINCHE S 2 FEEZHREL L. SR, Fhvtiathevo
Tefio7a 7 4 — VO HEFHEEICRETEZEA L, ZOEMEERELL 720,
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