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A% RF AR oh, EAwA B8 FolAY & BEHIA o
A7 ol 54T A% BF AEE B 2Ase] B A7 AR A
st

1. =93 =AM

)=+ 9] 3] = A A& HITL(Humans in the Loop)o]#t& o|n x| #AAS 3 =}
5 vgdoely A 7S =93dtal LC library LABsoll A o]-&x}oll Al A v] 2~
& AT Folti(<ag 2> Fx).

n o] s| =T OXE Al Ao A Ex F sz, TAHo] »~%s)
I UE Aol IAA AR S BAsa )

12+
E4E& FE3e u AF ASH 8A4E EYstden, Aso® wEHHE
ol

1) https://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1418&context=libraryscience



RIS BEE FHY RS 27 HBYol 47

Welcome to LC Labs!

A place to encourage innovation with Library of Congress digital collections.

& =

Experiments LC for Robots Events

Explorations of Machine Learning and Cultural Heritage

Final Report by the Project Aida research team at the University of Nebraska-Lincoln

Probability Map.

<2 2> LC labs

L AR stedlolgz=A e 28-S dAste] AEAQlE @ EAAS Annif
|

TYYde FEFL SEZA MH|2~9 Finto AIS 93t Ut}

Annif2)(< 3> #Fx)+= Tensorflow”|Ht 2174w EEl3} Maui, fastText
Omikuji & &&3 v&st g2E 7 dagss Agste 53 A
ol g QEZ A~ Lot} Finto AB(KZZHE 4> #F)E AnnifE 7|Wto =z &lo]
202010 Ao AX g AE Al AlE AR A=) ] S A ULl s
= FANE FESL AT THEAAY] 2EFEXQ YSO9 dAAste] FA|of
of gt AAM @ HAEE AP = JA o

Amnif &ie]FH(<2d 5> FH)2 oA FgAd Avnd gowgdow
B 4 oAtk o33 WA o g MLLM, STWFSA, Maui 5°] i, d#%
W2 o8 TF-IDF, fastText, Omikuji 5ol St ol&& &3l stsdlolE o <

of Wl Y=o 43 H5S A}

2) https://annif.org/
3) https://ai.finto.fi/?locale=en
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gio] o] TP e QZE AT githubdel F7lst glermg #d A3z}
Ao ¥ By 2 By dugE 55 AT 4 9low, REST APIZ th&

0
Q n n I f Tool for automated subject indexing and classification

Choose a controlled subject
vocabulary and train Annif on already
indexed documents — it can then
suggest subjects for new documents!

HOW TO USE ANNIF

O 0

Choose subject vocabulary Prepare a corpus from Load the vocabulary and
training data train a model

Annif uses a combination of existing
natural language processing and
machine learning fools including
TensorFlow, Omikuji, fasiText and Gensim.
It is multilingual and can support any
subject vocabulary (in SKOS or a simple
TSV format). It provides a command-ine
interface, a simple Web Ul and a
microservice-style REST API.

<2 3> Annif 7H2Z

@about D reedback suomeksi pasvenska [aECHIE]
Finto Al is also an APl service that can be

U 'ﬂ nt Finto Al suggests subjects for a given text. It's based on Annif, integr-aled to o.lher systems. .
a tool for automated subject indexing. Read r More information | OpenAPI description

Enter text to be indexed

Subject indexing
Copy text here and press the button "Get subject suggestions" . Vocabulary and text language

YSO suomi (20221.Filolaos) v

Maximum # of suggestions

15 20

Suggestions language

same as text language v

FRE LTS

The data submitted via the above form or the API will not be saved anywhere. Usage of the service ing monitored for development purposes.

Powered by annif

<& 4> Finto Al ME|A M3Z=

4) https://github.com/NatLibFi/Annif
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~
.| Short text /
training ,,é" metadata

3 Any metadata / training data data -7
document pemmmT TTmeel e o
management S
system i . ~
Lo ] Vo CLI | Flask/ Fidr N | Tindexed
\ Connexion || nn_ensemble — S Y wiltext
p RESTAPI | web app fasttext [|~ 7 -7 | documents |
/ ; av T & e el
) e e  wraining
. / _module | omikuii I data
PioM Dl | Ceonfiguration 2 ,’f
ineriace |___module | stwfsa [
Analyzer mllm -
e —
modules I ensemble :
maul -
Vocabulary . | RESTAP IMaui Server
module fusion backends | regular backends
T
: Microservice
around Maui
Project Subject
configuration vocabulary

<JdZ 5> Annif 252 (Suominen, Inkinen & Lehtinen, 2002)

A HEAMHDNB)2 #H2 As A&7 (automatic cataloguing) ZZAE
= Aol AEet AFE Aot 9 V| AEE Boks A &ste] EATA tF

= O Al FALFE FAsGaA e

oA Ar&st= DDCS AlF AW, LCSH H
Gemeinsame Normdatei, GND) 5<&

dds 2R

53, WO Fol ekl vide] FR% 2] B AT Bl Fg
g, o2 BrMow ngted o 4B FAE BRIy BEg 2
e 5 dmE Jure nidstag st



M2 Ats 27 o2l A

F<F DDC Short Numbersgt= =43 2HA| A Q1 BF 12 & /st 48 F
ot}

DNB T4 E#F(Subject Categories)®+= 2004 L ~Egjole} 29~ 5 Hd
olle] FAAE TSI AT AAelh 7 FAE DDC A ERWS, F
Al, A DDC 75 799 & 37/ Ao s #efstar YrH<IH 6

DDC Subject Categories and included DDC classes for the New Release

Service and the Series A, B, C, H and O of the Deutsche Nationalbibliografie
(based on DDC 23)

‘ Class ‘ Discipline ‘ Included DDC Classes
‘ 000 Generalities, computers, information ‘
[000  [Generalities [000-003
[o04 | Computer science [004-006
[p10 [ Bibliography [o10
[020 [ Library and information sciences [020
[030 | Encyclopedic works [030
[050 | Magazines, journals and serials [0s0
[060 | Organizations and museology =
[070 | News media, journalism, publishing [o70
[080 | General collections ['o80
[090  [Manuscripts and rare books ['090
‘mo Philosophy and psychology ‘
[100 [ Philosophy [100-120, 140, 160-190
[130 | Parapsychology, occultism [130
[150 [ Psychology [150
= ol d
<J% 6> DDC FH 2F(LHF)

A2 FAG G = DDC il ¥xe] ¥ 7|55 8835t FAS
B5sta wedHolE]l S AASHA St odE So wyAE S A4S BE BH
=y

DDC Short Numbere A A &-59] z}53lo] A &5+ Houq o7 EA FA
st 22kl EdEolu, o P HAel dFst= D 10, 494 A

DC 7% 6
712+ B, 3 W3kE U 5ol A4 Fok" DDC Hd_ifé— ol gkt

<2HT7>9 A Pediatrics Adipositas(ZoFH]RH 2] DDC A A M3 = 618.923989]
1}, DDC Short Number®] 7% Pediatrics(ZoP)7HA] /3t 618922 H-of gt
t}. vpz7kA 2 Terrorism Muslims Middle East(5%tolAlolo] o] &#HuE H
EJ)Q 745, 303.6250882970956° 41 303.6 Conflict and conflict resolution(Z%
2 45 sfd)ew Folgth

—

5) https://www.dnb.de/SharedDocs/Downloads/EN,/Professionell/DDC/ddcSachgruppenDNBAb2013.pd
f?__blob=publicationFile&v=4



I7IMRE &

Link to this record
title

Persons)

scope/format

Persistent identifiers

Chronological order
DDC notation
Languages)
Relationships

Tags
subject group(s)

online access

,10
—

omikuji

=
=
S3taL st <

DDC Subject Category 610
Full DDC Number 618.92398
DDC Short Number 618.92

618.92398 Pediatrics Adipositas

DDC Subject Category 300
Full DDC Number 303.625 0956
DDC Short Number 303.6

A

303.625 Terrorism Middle East
303.6 Conflict and conflict resolution

<&l 7> DDC short Number 0fA|®

9] DDC Short Number+= <18 8>3} Zto] &2z} Al
A Azor HoFEr

https://d-nb.info/ 1254019936
Psychotherapeutic specialist literature of the GDR and FRG: A comparative citation analysis

Storch, Monika (Other)
Schneider, Nico (Other)
Kirschner, Hariet (Other)

Arp, Agnés {Other)
Rauschenbach, Manuel (Other)
Gallistl, Adrian (Other)

StrauB, Bernhard (Qther)

online resource

URN: urn:nbn:de:101:1-2022032412004600738422
DOI: 10.1055/a-1718-4071

Release date: 03.02.2022

616.82 (machine-determined DDC short notation)

German (ger)

Contained in: Psychotherapy, Psychosomatic Medicine, Medical Psychology (02/03/2022)

psychotherapy* ; Germany (GDR)* ; Specialist literature® ; Psychotherapist® ; Germany (Federal Republic)* ; Reception® (*determined by
machine)

610 medicine, health

Open archive object

<& 8> DDC Atz Ho0{ ofA|”

HRe} o]l Annif €aEl5S 7IWHstal DDC Abs /7ol A

, Al AE EFol A= omikuji-bonsai®t mllme] YAES
= ]
[e)

R A8 Bokd o3 dely @ou.

[

m (

6) https://swib.org/swib21/slides/03-02-uhlmann.pdf 21p
7) https://swib.org/swib21/slides/03-02-uhlmann.pdf 9p



IEM2 XS 27 o2 Al

GND DDC subject | DDC short humbers
descriptors categories (e.g., medicine)
100 121

number

of labels =l

language de de de en

i ensemble

e (omikuji-bonsai omikuji omikuji omikuji
+ milm)

number of 2,415,549

training docs + 37,001 B720aE 22700 HEEUL

MONEANN 13GE + 984 MB 21 GB 3.3GB 716 MB

w29 o]z H =] Norart(Norske og nordiske tidsskriftartikler)= =24
o] B Hfy AFelA &3 =& 7IAF T 600,000 FHL A= HE
o|HE AAdte tlolguol ol 53] 38t 7] fofol] EstEo] gtk o]
% 36,0007 o]go] yAE gelol =it 7lAbe] 3k dolE 9} T £
= dZdshes ga5 4 Awsta 3ivh vietdolH = DDC 2 NORMARCE

H

4
o
o

Brygfijeld, Wetjen2} Walsge(2017)9] 1++= DDC A& /5 {13 714185
& Zdx2 =290y HEfH &3 sk e Hofe] dxAk & o
2 3y, &9 = 2 PDFY HTMLo|th o] A9 A3 =3 Ao 2

spmdo] A8E dolHAY RS Sste] AFHoE FAS AYH o

2,



LIRS 288 FHY XS 2& o o7
ol AlE st oH, Bd A Fde Hesta =EIEE Srh(<ad
10>, <9 11> Fx). 2 A3 o]yl 27]o wet dso Wzt #ovst
), 95% o] =& HAFES BT
Gstem Training set \
e e

Content

D

Shapin
I ik Test set
w s
g Content
i3 = 2
Choice of model [
el =y
] Meta-

.

data
=~/

2 HAE 7|2 AF (Brygfield, Wetjen &

<J8 10> &
Walsge, 2017)
Corpus
/ l Preprocessing ]
‘ Artificial documents ] Training set
\ l L'
Training set Test set
Training ]
Trained model
[ Evaluation ] r
Performance and predictions
<38 11> =529 ™ 2HE(Brygfield, Wetien & Walsge, 2017)



5. 2T HEAB

=P =A% e] KBLab(https://www.kb.se/)ol A= =A A AIS A&
stal # Au| =& A¢ksr] f1El, Ao E Agstr] 8l 71AEEe] dEd

7199l Transformer 28] #8%¥ BERTE 29 dolz # zAue] a8
Hds Fgatel AHEE £ 2lE WL ATEn Ao

Type of named entity AF-Al M-BERT KB-BERT
Person 0.913 0.945 0.961
Organization 0.780 0.834 0.884
Location 0913 0.942 0.958
Time 0.655 0.888 0.906
Measure 0.828 0.853 0.890
Work of art 0.596 0.631 0.720
Event 0.716 0.792 0.834
Object 0.710 0.761 0.770
Total average 0.876 0.906 0.927

<32l 12> KB-BERT2| A= (Accuracy)

KB-BERT+= olelgt S 7wkl #p<lo] A2 Hd= ~9u=dsds
A L

Aol AAdelE S ol R AgsATh of mue Hgow -
Ao Mee A, HiE AF BFAY, 53 Qs AR o)
stol A% BRALYE FHIE O 222 F o Juadt 24, A4
A2 FHoR AXdeld A4 A B Rae ASHTY ol gate] ArAm
o2 no E&H0lT AHAOR F 5 YRS AN E2S F AoE 7
dgsheeh A OCR Wite 4% #4'oz @4 24 9 dAgsd 4=
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TBE OEAREN YA ETTUDANFAINICT ZREVNHOBRNFACFELLOTIRF 5 WA T TENT 28 LTEF EHER

2

NDC BEE (0-1)
E—EE 910/BAIF 0.126
EiEE 913/BAME-H . WFE 0.078
BEZlEm 019/5E . BE=E 0.041

<72 13> NDC EF oA

NDC Predictor

HWEZEC & SEAHESROKRNT TY

THRALTVTEEYMAE SN EREEN S BATESENDCHREREL ¥ 9. FELE 24 Ho, HIFE FEOEREMALIVEITN BROT 42 MHELS> T THREIETE
T3,
fl:

TETFYS-—vavTE

NDC SR (0-1)

E—iF® 933/ AP -/ . ME 0998

FofRE 973/4 &N FHF 0

E=iER 943/ R { ¥ 3F--/NGE . MIRR 0

<12 14> NDC predictor =™
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r=

AL 27 of el Al

of MulxE dES3 =AY 20173 7€ VE AAdHOlE 42562387 &
Mt EdAL 2 A FAIA ] e dsks A Ak 1 9je] FAEE Shg HolE
2 3&}9] Facebook Al research7} 703t fastText dag]lES &3 F3H 3¢
A7MA o] 7 AIdE HoFr

oAE Eo] tF T “TEE, 0FARE N A TET 7V AADRIRIEZ
T 2 i@ O /NSRRI WEIATAE L 720 T2/ 7K b nhr T THRATHAY 1L
TRP K NERe WEeR AW AAY F3AF T3 e AJdFAANEGS
Absow Adatal EFske] 910 YEET, 913 dEES - AAHCN#. Lo
D), BT eR(Wal, boa7zn)9, 019 54, SAES FHFH<KIH 13>,
<y 14> #Zx).

)

F 7lee dEEAH F3o NDC Linked Dataoll A FZ3te] AFE-
st 245 7 s 9% AA H]O]H 4256238710 AW 5o FEjAEA
o] 7l¥te] FHlA £47]1%0 mecab-ipadic-neolog
217191 kuromojilVE A &3t 3HH dEF3| =
olH e A #A7] H duelFs A&t Al

23 g R I2D2 githubol s7istder, 2 WEs AT + Utk

8) WH: '-‘?‘ o] FlFo] WktEh e} ol il Al EulE St Haie]l & AAIZE welA] Ald)e
EAREE 200 A AEE 2olstE A
o 7] A ‘t‘if’}ﬂ‘rm o] x] Aol A &F FA, XA}
T3 2AEE SHAY He uESs 94 e

9) diol e sllolet Aol Al ZhupFet A tdl AR AR (H) @l 5—@9] s 7LEH(XL )2, =4
g} AA(noveDel &k Zidelth wiA e g2y s FAs oy 3o ()

Fah= Aol

(httpS //mamu.wiki/w/%EB%AA%A8%EB%85%B8%EA%B0%80%

10) https://github.com/neologd/mecab-ipadic—neologd

11) https://github.com/atilika/kuromoji

12) https://github.com/ndl-lab/ndc_predictor
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dd dlo]E(single label) AREAQl 7/ Edo|A 7} wWo] ARgstE AW
WAl o 2 thare] WMol A o] W AestA @k W] Fol wet 270
A EF(binary classification)®ll 33}, 374

ol W F 3t JE nEA HYHE ts F & EF(multi-class classification)

1o
oL
N
of\
e
=
T
=
i
X
i
s
-
o)
M

9 Yol BRE 4o Wrel vhal sl A EA|(label) i
= ]

2 o)
9o AgetE shibe] WEdl of dole] A4

K
!
_O‘L
X
o

3 341+ one hot encoding W2 & o]&3sl=d, @<
Fo] Exe Az el (mutually exclusive)o| A, AAE E

Z3lt}(collectively exhaustive):= 7 o]t}

G ol By @y thE #lo] E(multi-label) T2l W Fol| A th=o] WF
S AgstA Hr) o ol E dolH e MF H] wl B} 4] (mutually
non-exclusive)?l 47} EAsth= Aldl, % o] &7} Aol §l7]
of, A&l wet O7hel A A HEF Nt AT CdE ol AE VIAE
oL 1 7]Abel] il o2l 7hA] BE Fofst = AL o

= do]E EF(multi-label classification)©l] 3
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e g

9

.
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4 & m r
L)
Ir
oL
N ol
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Z po
(o
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Mz
B
il
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M
S
o

2~ E vlo|Y(mining) ¥ H©1AE

Aol dol M= 25 diEd el =23 A& F3sk= X (parser) 7}

o
o
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i
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do] o ®W, "I am going to school.”¢] 7A-$ Hojx7|E o] &35l
['T", 'am’, 'going’, 'to’, 'school’]¥} Zeo] EFstE &
g ghmo] o & BW "y Stule] hthrel A mivMA R "ol E
o &gttty [y, 'stulol’) 'girp]ek o] ofd & EESE & s UTh
Ty gerols uFo o] SA S THA7]dl sture] w@olrt ofE JHe] FEHA®
ol FoAA = A7F A, [, ', rstar, el 7, et el 2ol 4
49 BEEsE & = Atk
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b4

AN

an -

[

s

1.2 Bag of Words(BoW)

T

o
o

Ao grEe] Mgy ¥

A

BoW 24l tho] L9} 2o 54 7|
= I~
= R

ANM HiEE 4 Y stst= 7l ol

BoW< #37E H]#, NLP, o] #] ¢t ~3 FE(Bayesian spam filter)9} &
ofel w=wQla ZASkGl o aAE FF 2 AHH HA o] ALE-H=H(Sivic
& Zisserman, 2008), BoWeol A &A Y 33 22 HAES EFS wo] Ay

H

3}

"] (bag) A ¥ 7F35FaL, ©@o] EE5L2 BoW Z 2 Ao A A HT
BoWe ®l2~EQ XA Fi)et= Aaglo] doj(l-gram)E AFE-31o]

Eds Ho =R o] AVI7F wlg H3 H92E AV|E FI WHE XdE &

H= ,
A JAE do] By FAoA FAEY. doje TF 279 &S YE
W7l stoh 3y dojo &8 oA FAHAIN, SEEE AAste] A9
23S AAste o AT 5 U
1.3 N-gram
N-gram 7| H2EoA AR &ds= n-wolo 3519 E4¥E I3
= AA H2EE g EeeE AL ofyAYH HAEE UEE 7]F

gt N-gramol A N2 Aol sdel=dl, 1-gram= AH83td HBX2EE 13
st7]1 91k BoWel AA(feature)d #A H&d, dHby o=z 2-gramoly
3-grame AHERTE o] WAom 1

259 grEe] 538
HoBe ARE @A 5 dvke Aot
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1.4 Word2Vec

Word2Vec &g && X]g]ﬂxv? W JRE AMESte] o] WHE A=,
o] Tro] MY Wex o e wold gk do] WEHE AFE= 1A Hol9
A=k WHE YeldtH(Mikolov et al., 2013). o714 Word2Vecs F+ 7HA] &
A5 AbgstEd A HA 2 CBOWE E9o] oldi= ks 7 kol dA)
G & oS3, Skip-gram< A @G E Atk ZFA Sk WS oS3kt

1.5 Global Vectors for Word Representation(GloVe)

GloVe(Pennington, Soche & Manning, 2014)+= 8©2E EF{o AlE5H = 7ZE
3l o] ol d(word embedding) 7] o]ttt HEWAL ZF do]S 1y W
2 At A o] HEEXA FH odolg VRt m  FHIIE

Word2Vec 3} vf$- FA}shot

=3 400,00070 2] <] 3] ¢} 507K i}-?wq o] TS 7] ulo & é}tﬂ Twitter iﬁﬂ

st5 224 99 2 d(Probabilistic Graphical Model, PGM)& =4 o] §&A
o HAEAdQl wHoezA de HEHErh PGM2 28X £4 e =18
= A3 & olEY Y o]ES o] &3=d(Zhang & Zhang,

|
2010), "% 7r&Etar 7pE A AR EE 2dS dol= AP (Bayes theorem)
2 3} Naive Bayes(NB)o]t}(Maron, 1961).



. A5 =72l He

o =

|57 oAHE A5, 92E HolHY A4 EAESE o]&str] f1d HMM
(Hidden Markov Model)(van den Bosch, 2017) % CRF(Conditional Random
Field)(Sutton & McCallum, 2012)¢} #2 ttE PGM Edo] #|ete ),

2.2 kKNN(k-Nearest Neighbors)

KNN 7M€ kAol 71 e AF FoA 714 Be 4Ee Ry Wis
ol dol o] ARHA e AEL PRI PPS s

Hart, 1967).

7R 2 KNN ¢alg| S5 €88 92E B /e E/stA o 92E
¢t 7HE FAREE kel "Il AES Zrop o] HIAEC] JHE NIME HER HolES
AARseE R E57 LAl et

@es] oy ERIE Re] ARl E AAtelol stE® o] HIEFH Ted AY
3 WE & o, A AREHE A el whel A ol Xtk kNN 7]
v Aol AdE FREA S 7hedol ST AT, A dolgAlS
At f18] vhddt g e AR 22 4 9l

kNN 71He 2 54 FAF4(Al, Neagu & Trundle, 2019), k #k(Baoli, Qin
& Shiwen, 2004), 9192 4 3} (Cortes & Vapnik, 1995)E Ea /A3 QA

W, AUl KNN 71 Rae|As AF7 B dolH g Aole Fe

’

A4 wlol tiFE wolE el ugEHew 1 Azke] e

2.3 SVM(Support Vector Machine)

SVMS #gl Q129 o A A3st7] A&l Cortes®t Vapnik(1995)7F A

[

G EFRVIE, 98 Hd2E o B2 HolH ZopdllA deHor Axdy
ZIke] E7E ST W, 2 AeS B AEd o Alagoelth SVM 1
A 48 T3 e 5 FhelA oAl 2% (hyperplane)S A4 3he]
2R 7 T T AE Aele] AYE Hugtete] 3o ksl v
dedl, 2HWel #A4Q WIS et MF AA Atole] AglE Huslste] 7t
T e BR SRES A dd

L3 SVME ke, Al il A 3 e ° &2 FEe] S8 o
He aakel Fto R Wgsh=d, o] uAl For weksts dE Ad

[}
(kernel) $tretal shr]o] o] WS 7Ad Efoldtal dA = x40 SVM

AG 2= AF(linear), T (polynomial), ®AH(radial basis), A|1E o=
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(sigmoid) &7} Atk

2.4 Decision Tree and Random Forest

o)Al A4 Eg](Decision Tree, DT)(Safavian & Landgrebe, 1991)& 4l o] g
THo R Fdtes AHAAA B Fx Sy dagFoR Ed HE
1§ 7 Ae EP 72 3F WA et DTE Ef A4dH E
gl 7EAA71e AR EeE e, oA 2 EHA child ==+ d

(o,
D
N
rE
o
=

= U dHA AA ‘3%3 At
=] MFE o FatE o AREshE Zlelu, DT
= HelH A7IE Agste= dH o] HlE&H ol
= 5oty e A9 deoly dEE Aot FHE v DT= 74%
A ¥ 2E(Random Forest)(Ho, 1995)+= DTXEUY &34<Q AxE BN
HINA L A5 AFE5 a1 Jdth(Islam et al., 2019).

w
AU

9 71w 7 AsE

3.1 MLP(Multi-Layer Perceptron)

= B A EZ(Multi-Layer Perceptron, MLP)& A &AS AFo =2 FE3}7]
el AFEEE 7B ids AAY Fx F stuo]lth(Khalil Alsmadi et al.,
2009). <19 15>+ N9 &4 AlFoz FAH MLP Y& HoFE=Y), o

mae A8 AF(input layer), =5 =0 &A3} dt4=(activation function)”}
AdE 249 AZ(hidden layer) ¥ &7 7 ZF(output layer)s *23shal, 7 =
== EA 7hEx WEE dd"g
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wait
for
the
video — i Y
andd | . —
do T | =
n't
rent —
it

coreched iy
= s ]

softmax cofput

A & k represeniation of
SIS WA SLAN B LT
non-static channals fnature mag

<2 16> TextCNN 7 =(Yoon, 2014)

o] 8 "lAE BFE 93 Sequence modellingo| 4] ©] &8 % o7 &8E 4
TCN(temporal convolutional network)e] <Z1¥ 17>3 z+o] A ot ]t}
e o CNN

FN

g
TCNE e F28 FAsuA B0 ofe Mol 4T 1ol
H5e uol

g3lo] 719 recurrent based REET E& A%
Ur-24r-19r

ZE 23
o th Do
Qutput
e
= o Hidden
d

Ty 1 I

<& 17> TCN +#+=(Bai, Kolter & Koltun, 2018)

3.3 RNN(Recurrent Neural Networks)

RNN2 3 A4 3AHS 53 FAY 58S Z )
I 2tk RNN oo nde vxE BF 2dd st Zs o
HE 133 A HAHE kgt

NN .

e o
g9 9

i

o2,
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<Y 18>8 HAE BEFE 9% RNN Zd=Z ZF 9= dol= do] 9udy
NEe gl 54 WEE gauch 9ude 9ol MeE @ o sy
RNN 4] 9oz Zorla, #9& 948 west 598 492 /A4y g
24 =(hidden layer)o. & H% ¥},
w(t) y(t)
T 3
s(t) -
e )
1n) v
et 3
- -
[
-~ '_\ -
- I e
I ;' 14a% N -

RNNE 2d dAlolA uAMss #43ta 2 99 dojo] djg)
AgEe], e9Fe] A FHe 4y 92 dolBg o
A

A},

il

ol

<A

1H

o
op op

h

3.4 LSTM(Long Short-Term Memory)

A 3}(backpropagation) FAA  FiE 7

[e)
<! =
(gradient) gtol =3h<ro] AlLH Ao Qe #opd Adste 71E7] &4

JZi
o

de 7127 24 EAE 58
2 233 vH(Van Houdt, Mosquera & Napoles, 2020). <71¥ 19>¢} 2o
LSTM blocke W7z} Aol E(forget gate), 9= Aol E(input gate), 3 AolE
(output gate) 727} AKX S5 Alofstar, 199 AxF A i3k gts 7

o5h= o] F7bslo] gt
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<J& 19> LSTM #=(Van et al., 2020)

33# Tree-LSTM(Tai, Socher & Manning, 2015)& <@ 20>} 7o)
LSTM 29 Af2E Ef 722 43 208 AoE 9 wWrg A ¢ddo]
EfX ol wolo] eyt ol =x29] child Aol wet depzich vl 37}
AolE Al Tree-LSTM A oll= 7t child RS A8 oz 3317 93
Z} childel &l shvhe] W7t Ale]EVE Q)T

Ya

+
[_+_| \_rl 5
Ty T

Iy

<dE 20> 7|& LSM #=(9)2} Tree-LSTM
T Z=(ot2l)(Tai, Socher & Manning, 2015)
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3.5 Transformer

Vaswani 9(2017)= RE 948 EZ(d: @o])& =213 o] ofd FAld Ay
3t ¢+ dE a3k o3y -t 3y (encoder-decoder) HHA¢l Transformer
o7 A& A|QtStATH<ZE 21> =),

Transformeri= Ao 3t 7fd o] §l+= bag-of-words WA o =2 = Al#
2 A F3H, Transformer: "self-attention” 7|&S Alg3sle] EE £54 S
sttt aga d=Te] A A Hololof] g e 54 Jdad WA=
T4 st Ao YElY= TUSE dojo figk duldo] e xHS 2k
52 wgdch o wAE ‘93 dmyroletn Fu, o WA glow &4
e wholo Ara 9o e ARE AYs o] HHol

Cutput
Probabilities
I Linear |
r J !
| Add & Norm Je—
Fead
Forward
- ™ Add & Norm =,
r—~— .
SRR Multi-Head
Feed Aftention
Forward T 7 B
h‘_l-
N Add & Norm
—{(Add & Norm ) e
Multi-Head Multi-Head
Aftention Attention
, T . YRR B
k"— . \ _"'J
Positional ®—O Positional
. &+ & .
Encoding ¥ ; Encoding
Input Cutput
Ermbedding Ermbedding
Inputs Qutputs

(shifted right)

<8 21> Transformer 22 F==(Vaswani et al., 2017)



2> & 91%01 olelgt {3l #Holog el N FowW o
(multi-head) attention #l°]o7} A HhH(Vaswani et al, 2017). ©] ZFEjolA
e 98 Adsta Ay dHolod s Fal AxE Addsid ME E-Ho] vy

=

U EEROE 12

Multi-Head Attention

t

Linear

1

Concat
_‘ -

Scaled Dot-Product
Attention

1L | L 1L

I 1 g [ | I
Linear]]’ Linear]} Linear_}

V K Q

<38l 22> Ct=E 5| =(multi-head) attention 2{0]04

3.6 GPT(Generative Pre-trained Transformer)

Transformer o}7|8 A= Aol o] v AgepA| vt AFAES dF %

F A dmy 2 gay g FE ARE et A9 24890
T AT mEkd dafy Hagz ob7|gAE Agstd Fed gl
o 7iHe Rdo]l & 4 ltii= Holl #<ehkste] GPT(Generative Pre-trained

Transformer)ZS A ¢ta} Sl th(Radford et al., 2018)(<1¥ 23> Z*%).

il

111 2



. A5 =72l He
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Text Task
Prediction | Classifier

Layer Norm

==

Feed Forward
A

12x —

Layer Norm

g

Masked Multi

Self Attention
A

Text & Position Embed

<OE 23> GPT 24 #=x
(Radford et al., 2018)

GPT+ o¥ Transformer-decoder #@lojolE %+
skt ol &5 Folxl thd A=Y 2 S
Transformer?] Y3t E5& 2534 = #2713

GPTe A1 T& YL e dolE o =357
ol <18 23>0A4 Hie R} o] o o] Y% =
A o7 E A= fFoM L EXR Lol oefMnt HE = Wlgk Qo] B
a5 A

gelat] ool

(auto— regresswe)ﬂ )

sv Ag oblEHE A
= =
= =

I=Ihva
A

ﬁiﬂﬂ

@7, U3y 4§ opEAE 71 HaE Al%i—% A2 o) 71& NEERCE

waRT o Ue 45e AFes o

E oo 9 gy AL el s—
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3.7 BERT (Bidirectional Encoder Representations from

Transformers)

GPTE’_EilTJr A d¥tel 2= BERTw ¥ AdMds sl Ae 37
71's& 3| A3} (Devlin et al., 2019). welbA BERTY o} 8l A= <27 24>}
o]l GPTe €¢ th= <%4eF Transformer”’} E U}

BERT (Ours) DpenAi GPT

Qi L

mm) =4

<38 24> BERT(ZHQI GPT #+=(%) HlW
(Devlin et al., 2019)

e
o
=
3
1o
Jfa
=51
rr
i)
>
oY
gt

A o] 2 d(masked language model, MLM) 4 x}=
do] YESAE tg @& oS3t O

o] FA ATe PUF 2% Yt U Fasv] mdo] vpra Gojs
9% 0 oe® By Alolo] AR HHT £ UES = Qo F WA B
ol AFHI F @A Eol &l A

8 F J=E =R

T3k BERTE U2Ed Z¢eo] AEste A2 dstH, Jd3agolA I
EHE T #Holo] 3= EZY(single-layer feed—forward) 2174 %S Eaf A&
st RS s v AT OEN oA Hold A3E A& F AT
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Reuters(2017)E &olE EAIA oA ABes 2§ F2a Au|zoA ma=
g2E E7E5 98 4 ARgEHE HolHAoR, v g2 2 v dols
o &= 907K W=, 7769709 St HlolE ¢} 3019709 HAE ©HolH=E 4
#th RS, BR52, RCV1 % RCV1-v2E ¥*33lo] Reuters Hlo]E o] t}kal &9
Aol EA g,

RCVI1(Lewis et al., 2004) 19963 F-¥ 1997 d7}#] 103709 W= S5O =
TR ZolH i VARE BAR HolHAle®, 2314974 9 i‘% gl o] & <}
78444671 9] HIAE dol8® TAHTH RCVI-2KE RCVIZ £43 EA4o] gl
ARk, RCVI-2K #lol= AEC 3 7HA] M2 elolao] F7F5 ] 245671 @
o] Eo] EAgch.

AAPD(Arxiv Academic Paper Dataset)(2018)= SJAlo|Eo| A A5 33 &

o°

of R0 22L& UFOE UF Yol HAE EFE AF AU HelHal
2, 97elE & 5a70e] dol o] Sl 5581079) A =Fe| x2o] T
of gt o] HolEAle] BAL 22 Y§g e I 2Bo] £FH

o] FAE o F3st= Aol
WOS-11967(Kowsari et al., 2018)2> Web of Science®l *
Ax="zo s F+ e dolEo] v Y =9

FH2 FE Ao, We WA deoleE g8 4 gl dHeolE Aotk

5. 45 54 HHAX

51 ©¢dH7IA %

- A8 % (Accuracy)

N
=
o
o
)
X
-0,
oX,
olr
AN
o
o,
A
.
o
ol
2
2
r o)
Y
=
=
o)
o
dot
ol
ol
X
2
]

i,
e

Y
>ﬁ
o}L
[
o
w
D
(o}
@]
w
=
<
=
Y
>ﬁ
>~1
[
o,
w
(@)
=)
[¢%)
ije}
Q
gl
<
@
=]
fe e

A e Al ol sl e E%am Gete wel e

- A 3+& (Precision)



bol entEsg o3

°©

Aol

R

=]

Rl

3

o

A

- A1 d & (Recall)

Ao HlE =,

I
-

] O]
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b eni2d oEE 24
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52 E¢F7HA %
- " A& 3 #F(Micro-averaging)
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Epoch Tf(i)r;isng Zalidoi[;o F1 Precision| Recall |Roc Auc|Accuracy
1 0.0120 0.0115 0.6126 0.8341 0.4841 0.7418 0.9968
2 0.0106 0.0104 0.6593 0.8164 0.5528 0.7761 0.9970
3 0.0093 0.0099 0.6695 0.8236 0.5639 0.7817 0.9971
4 0.0090 0.0096 0.6827 0.8129 0.5885 0.7939 0.9972
5) 0.0083 0.0096 0.6850 0.8198 0.5883 0.7938 0.9972
6 0.0077 0.0096 0.6893 0.8005 0.6052 0.8022 0.9972
7 0.0073 0.0097 0.6932 0.7920 0.6164 0.8078 0.9972
8 0.0068 0.0099 0.6895 0.7857 0.6143 0.8067 0.9971
9 0.0061 0.0102 0.6928 0.7790 0.6237 0.8114 0.9971
10 0.0052 0.0104 0.6913 0.7618 0.6327 0.8158 0.9971
11 0.0052 0.0108 0.6888 0.7520 0.6354 0.8171 0.9970
12 0.0046 0.0111 0.6879 0.7507 0.6349 0.8169 0.9970
13 0.0042 0.0115 0.6847 0.7370 0.6392 0.8190 0.9970
14 0.0039 0.0119 0.6842 0.7335 0.6411 0.8200 0.9969
15 0.0033 0.0123 0.6831 0.7246 0.6460 0.8224 0.9969
16 0.0032 0.0127 0.6840 0.7253 0.6471 0.8229 0.9969
17 0.0028 0.0132 0.6852 0.7249 0.6497 0.8242 0.9969
18 0.0024 0.0136 0.6793 0.7175 0.6450 0.8218 0.9969
19 0.0022 0.0139 0.6801 0.7140 0.6492 0.8239 0.9968
20 0.0020 0.0143 0.6794 0.7106 0.6509 0.8247 0.9968
21 0.0018 0.0146 0.6791 0.7165 0.6453 0.8220 0.9968
22 0.0016 0.0150 0.6787 0.7073 0.6523 0.8254 0.9968
23 0.0014 0.0153 0.6788 0.7096 0.6506 0.8246 0.9968
24 0.0012 0.0156 0.6812 0.7138 0.6514 0.8250 0.9968
25 0.0012 0.0159 0.6824 0.7138 0.6536 0.8261 0.9969
26 0.0010 0.0162 0.6826 0.7134 0.6543 0.8265 0.9969
27 0.0009 0.0164 0.6828 0.7104 0.6573 0.8280 0.9968
28 0.0008 0.0166 0.6845 0.7170 0.6548 0.8267 0.9969
29 0.0006 0.0167 0.6832 0.7144 0.6545 0.8266 0.9969
30 0.0006 0.0168 0.6841 0.7153 0.6555 0.8271 0.9969
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<E 39> KDC FFHol ost MH Aol 27 x| 2H%)
E
AL— T8 | OXX | 1XX | 2XX | 3XX | 4XX | BXX | 6XX | 7XX | 8XX | 9XX
[e]
9} A
Oj XL] 7431 | 42.27| 38.02| 63.59| 57.53| 69.86| 35.39| 5&.81 | 47.57| 63.83
Title =M=
254 ;;] 464 496 11.77| 13.85| 5.64| 11.15] 44.89| 18.98| 10.53| 10.70
A x| 21.05] 52.77| 50.20| 22.56| 36.83| 19.00| 19.72| 22.21| 41.90| 25.47
9} A
(;L] 51.25( 2961 | 24.11| 47.38| 47.10| 55.51| 28.75| 50.06| 39.16| 37.33
Title I=IREE
1106 T 11920] 7411 15.00] 19.73] 13.18] 14.70| 36.86| 21.86| 11.84| 18.99
A %]
A ]| 2954| 6298 60.89| 32.90| 39.72| 29.79| 34.39| 28.08 | 49.00| 43.68
9} A
;L] 36.87| 1961 | 1755| 33.71| 34.22| 35.95| 22.47| 42.09| 36.91| 24.67
Title =M=
3506 T 12163] 10.17] 15.07] 22.28] 14.68| 18.34| 34.83| 24.71| 12.17| 24.02
R
EAA]| 4151 70.23| 67.38| 44.01| 51.10| 45.71| 42.70| 33.20| 50.93| 51.32
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<E 40> FHY HPof WE UX| T (%)

= 2 25474 1,1067H 3,50671

FAE 9 UA | ELA | dA | BLA | dA | ELA
oy < A 6852 | 3148 | 5568 | 4432 | 4469 | 55.31
THHEE < 79E < FA9 - - - -1 2069 | 7931
71dE < FA 9 - - | 5532 | 4468 | 39.20 | 60.80
TE < AE < FA - - | 6494 | 3506 | 4056 | 59.44
HEY < T4 97.45 255 | 8156 | 1844 | 7813 | 21.88
AEE < FA 93.58 6.42 | 8063 | 1937 | 6698 | 33.02
AE < AE < FA - - - - 3657 | 6343
F A o 61.94 | 38.06 | 51.15 | 4885 | 40.99 | 59.01
A v 79.36 | 2064 | 68.08 | 31.92 | 4457 | 5543
TAdAMH 67.76 | 32.24 | 6340 | 3660 | 5848 | 41.52
YA < A 73| 22271 6598 | 34.02 | 56.71 | 43.29
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FIIMAE BB FHY TS 27 HBWet 347

<E 43> 287 XA FHYE HFo| wE Ux|T(%)

1 ] ] A+ B}
24 v =3} A v+ 53} [

L 9z |Bax| ax |2adx| dx |BAH| 9x |2AX
=] < X|H 4174 | 58.26 | 41.87 | 5813 | 41.61 | 5839 | 4653 | 53.47
HET < FA9| 9254 746 | 94.53 547 | 93.53 6.47 | 93.03 6.97
Ay < FA| o) 87.26 | 1274 77.07 | 2293 | 8599 | 14.01 | 86.62 | 13.38
T4 o] 4947 | 5053 | 50.96 | 49.04| 4950 | 5050 | 51.45| 4855
2| o T1.11 | 2889 | 6593 | 34.07| 7444 | 2556 | 7593 | 24.07
ZTUdAH 56.40 | 43.60 | 37.44 | 6256 | 5271 | 47.29| 5591 | 44.09
HAGFST < AW | 7838 | 21.62| 6351 | 3649 | 7568 | 2432 | 7568 | 24.32
W HE AL AHgEteU TE oW RE A4S xasbue] uie
KDC ZFolA 25 9% @S ey, <¥ 44>9 2th KDC ZFolA o
o) Aol quel Ao AABHUAXX), EROXX), o](7XX) HokdA ¢A
AXEs} 7HE mgon B3] 259 A 23 Ao HE 2 ol WYk
thul e fo wRoluls B4 wRo] ultojo] o3 BAxst 2 ke s}
A3 BE XA Bt A5S morh ®ae] Ao Audom mie wo
Awsh gon BE AXTr AU FAEe AR Hold BAXI} ga =
Uelyth g2 Exow 93 v Ao ATS IR HoFiE EG5o|A
wool AAE AHY 2t g Be BE AAS o E AgHon ve
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V. Ats 2F Li2E dA R 45

A
FH

44> =7 Aol 2|5t KDC #=/2| &/ x| #H&(%)

A4 2312 OXX | 1XX | 2XX | 3XX | 4XX | 5XX | 6XX | 7XX | 8XX | 9XX
33 57.18 | 3549 | 2541 | 51.39 | 68.70 | 52.30 | 40.91 | 50.32 | 49.03 | 39.73
;’:3 1164 681| 939| 871 412| 1083 | 28.03| 15.10| 8.30| 10.20

P
" =YX 1682 | 17.90 | 20.30 | 14.42 | 11.37| 15.06 | 12.36 | 14.09 | 14.52 | 17.65
u%]:zoq] 1436 | 39.81 | 4490 | 2548 | 15.82| 21.81 | 1871 | 2049 | 28.15| 32.41
33 50.03 | 36.36 | 29.06 | 48.63 | 64.09 | 52.64 | 4091 | 45.22 | 48.86 | 38.52
:Zi 1214 886| 1351 | 11.15| 6.75| 1298 | 29.36 | 13.87| 9.23| 12.80

s
o EYUX|| 2587 | 27.11| 33.13| 23.40 | 18.45| 21.93 | 1537 | 27.89 | 23.18 | 26.89
H%]:qu] 1195 2767 | 24.30| 16.82| 10.71 | 1246 | 14.37| 13.01 | 1873 | 21.79
33 96.48 | 33.39 | 26.07 | 51.63| 67.71 | 53.07 | 40.42 | 52.70 | 48.84| 39.52
v Zi 1170 | 694| 10.03| 876| 494| 9.83| 2847| 13.37| 7.60| 10.58
l—;_} Y| 16.13] 16.37| 19.05| 13.09| 9.88| 13.19| 10.88| 14.83 | 12.72| 16.90
U%]:qu] 1569 | 43.30 | 44.84| 26.52 | 17.46| 2391 | 20.23 | 19.05| 30.84 | 33.00
33 0844 | 35.92 | 2797 | 5244 | 6820 | 54.62| 41.61 | 54.64 | 50.46 | 40.07
ng zi 1233 781| 11.56| 9.63| 511 11.36| 2888 | 1359 | 822| 12.34
o

1} EAA| 1619 | 1873 | 24.35| 1596 | 1269 | 1584 | 1340 | 16.82 | 14.99| 18.78

A 2y
U%];':(j 13.03 | 3754 | 36.12| 21.97| 14.00 | 1818 | 16.11 | 14.95| 26.33 | 28.82

Aol A HAA AMA dmZ=e oF 54%° sE st 65825712 dlo]Euk -
glol wWlaLd 7 GFEsb Ae Agolw, FAl % Aww EExsh A
olatel Mol B} A4del Bi Awvel ARAQ
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