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learning)’ , 18] ‘gHF o Z A2 H7Hassessment as learning)’ ol of
gt =7t FEHORE o] FoX Al JTHFYF &, 2016). ol= "l A3
of 83t StAES] IS WA AWE AE3H7] eliAe g5 A
of that H7F F= P & He 3 A 7 sjgridde] ‘gFo
2A9 7P SIFE viy ool e AS r|dtiFEF 2, 2016).
ol gt 7| xol wet 2015 wHHGoAE AR} T4 HE 9 divlEE
|O2A A FA B E E‘%’J’Gil P—«l Bt fEugds Agd

J?‘J

W ot B Al e Bkl QBos AdHn S 9%
PR B 711:& = Ho1she s AoE BE 2
TS SRS WA PUSZA Y 34 WA A& g
4, 202D8 2 7] uﬂ—*ﬂrom el SR Jme A9 A7

B97) B N, S ARl W WA S 2 el T
Stk wlgho] A7 BT FE & FAR, 2015, S5 2 5 34 A
G7HE 5 glolok Bk olel@ BAISA e Wk B AU o)
THe o] BT, A 2015 w&IA) HA 4 WAE FEa
Atk oleld Weel A, AFE W ke A5Ae £U YL
Z2Az dolE’ o FHE 213 /ST & Aok WA 3 F
A B7hE AdsE 29 WEel 8 4 Aok
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ol E &8ss 7IEY EFHEo|E0 213 EF =¥ (Diagnosis

Classification Model: DCM)# 22 A 52Ql SARYP 2 A4 A2 b
HE Agste o A4 28T 5 oer=, AFE 7|8 371 ol oA
oul e FES =M F dv AEL FAF W] IFHoE g

A=A HFossey, 2017; Fu et al., 2014; Tang et al, 2020; Zhan & Qiao,
2022).

olZ gt a7l FZ3t7] A, A F 7EA HFol Ad 10d F<F A=A}
ggFstAl AjbEA gt stve= AL A =2 &H(computational
psychometrics) #oF TACE, AT AU WEFSAHFIIAA A4 =2
ol H+= 7o Bl =(validity), 213 Z(reliability), 37 A (fairness),
Hl 1 7}5Ad (comparability), Z12] 31 GRS} 715 S(generalizability) & 3Z
EA 2 HolHE x3ste Hrket B4 Wi 71A] gAstr] /1 MEE

AN



TYYPYAE vpAstE FHZolthvon Davier et al, 2021). 183 &
st w5 dlol¥ mlo]Yd(Educational Data Mining) #-oFS FA o g o
2 & Eod= vA A AH A2 HolHE BAstE SAAS

HMHEo]tHShu et al., 2017). o] FolA =4 o)A gl(natural language
precessing) HHEX FE $29] FokollA AZRHAUT ol 4 A~
ol & g9 2E HolHE (15311, o5 Adoixeg P HXE nio|y
(text mining) WHEES AR&st EAstE = FHo|tKDesmarais &
Lemieux, 2013; Hao et al., 2015; Mbouzao et al., 2020; Salles et al., 2020).
o] dE(Hao et al., 2015; He et al., 2019; He & von Davier, 2016; Salles
et al., 20200 WA= (A A|F2= dolE] 2} A of(natural language)2]
ol AE27F 2 AR TR AARESY, AP A YEsAAS AlEx
(sequences)Z YERH T 7] thoFet Adojxg] WS 833
a2y o3 APATFES AME A T oAdA XA S

= dA 2 F fle B4 A&olA JFAEe] Hole vkt &
0-& o= F55HA FATE st =00 HolHe 1 §A4%
A HAAZGolA HPATE FPg g FHo| BF J|SHEE A T
olH 9 %o 7} wi¢ et EFsHA vetde 7hg e, d7A
PR g Fde Aefstr] wg ofHr] otk

olA Y HIFE 7§k HUFE Tl 719 AF HUlA D& T (AA
gdgk e HolEE €5 F Ave A AF oA wKDiCerbo et al.,
2014), Hlelg o & 4ol gl W= 7 wf nAFHL + 3
T Zlo] BE Z=EA|2 HolEY F5d TR s AFdAtBejar &
Braun, 1994). =3 A =dsle A E7}F vl-¢ ohFetA A7 dE
of, A7A+= 11 F Folo]l 85t 9r] = HHRIA| Feofst= w o
#HeS A7 % FHMislevy et al, 2004). o]213 EA o0& ¢l3] ‘HlolH

LA’ olgtal EEv ZEAZ HolE = ti wl & &S JHAN, 1L
3 AR nigo|A {83 FRE @, T, FE3= LS ¥4
728 do|tiQiao & Jiao, 2018).

ol FAE Qsll, HAH AALE o =E g B2 APITFES U
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=AY 2ol sFeTh olE 3 o AFNE AMPAI NPT UM
Nz F BEA ASS UE IM AA2 2 ARSI, @At
RE G4 AA2Tt 247t ofd dE G4 ARz} FABAE BUE
7t Al NF2E 35T P fARE OE G4 AR e 2
& AEF Aotk ol 7t MPAY Fue A4 AP2st 2 shAe o)
A4 AA2E dASE Aoz, AA doles) steto] gold @ 7}
Aol thx A AA22 MBHES s BPolth ol T 2 7HA 9
U A AdateRE AYPAe] e oS el TE £4 2 o
A2} zke] wlmr} 7hss A

oj¢} IHst MPATSo] F2 A AH 2 HolEH S AA] o Toj
NHA2TY Zh= FARRE 2ol 2hete] AdojA g W e A8kl A+
of FEstar, o] AFolA= AdAA Y ZoklA AA 7HE AFE 2
3 Q= EWx~x o] BERT(Bidirectional Encoder Representations from

Transformers: BERT) W &5 A4 AA 2 wolg ol A&3t= WehS 1
okt Zlojth. BERTS] 73 & o|zle] Apelo] s st Zel 2u) An
2 St&@TE Aol Utk BERTY o4 el whofo] A s 2abe] A
T A ARE eIl Bv YRE SEsE ol of Aol we
FA olv)E A 24718 Jhke 1Al wEl(vecton) 2 W EE 024,
v & QA Bk olg B3 wols} Bye] ¥HL B
22 #AE £4d &8F + Atk 1 ATl =
o

¢

R S I

_—

. ole= A

FAToNA AEeAE A AE2= B AY Mdezs 45 5 8li8ld
7 Hojt}.

o|e% BERTS] 54€ F§stel 9X47 3 @A) Baa Aa Adx
g e FUAA 71 e E QM AB2E qBste] Ast, of

A7) A Fo M AL T AL AR AAEA FeAdte 33
& B A% A0 ATAE JAFE A GRT A ] Y8 2
B9 PO FoR st AehA FYQ APA BHT 0 B4,
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Al 27, °]&F =78

A 14, T2 A2 Ho)H 2] o]3

1. =242 dolEe 9n)

ZEZA 2 HolH e B4 5233 A, AR ol whet oreFetAl Ao Y
d g Ak ZEA L HolEE &4 thidel wet E7s B9, te 2
& F 7kA (D) Z1 dlo]El(og data), (2) A AF2E FES 5 o)
WA Kroehne, U.2} Goldhammer, F.(2018), Bergner2} Von Davier(2019),
Qiao%} Jiao(2018), Jiang £](2021), Provasnik(2021), Zhu £](2016), L&l 3L
Hubley 9} Zumbo(2017)= Z =42 HolHE W2 ou|olA HAE 71717}
7158 & Je BT HolEHE HI3 ol ZEAN 2 HolHE £ b
olHE HigtH & AlZolgtal & 4 Ut

gkH Kerr 9J(2011), Fang® Ying(2020), Fu <](2014), Hao <£](2015),
Levy(2020), ZL2] a1 Shu 2](2017) 59 AT = “ZA 2 HA A A 7]
Z2H S8R 9H AFEx’ 2 Z2A 2 HolHE Bo ¢ F2 9|
A AYete, EAAE A FHESe AFASS FE o] HoE W

ool Ut

ThFgE Shatsel osf AAE Z2A 2 HolHY FYE A= R A
glste] A AstH ot <& 1> 2t

- 12 - i =2 TH o



<E 1> X —Z M A H|0|E{Q Ao

g HRHE ) Ho|
2E A =2 A|AHM| ol 7|EE= HOIHZ, TR}
=2 EHlolfZ z™Z dtdstn —Er?HIE dofLt & s st
Zhu et al2016) oy ori ojw) sizsieim weishexlof ois of &
2 H2E HSsh= Hlo|H
£¥ F+E2 S8 Hysjo st TRSO| 2¥ e
Hubley & —xlo= o= == =
Zumbo(2017) et ASAEstT UhEE o, dSstn MZisio{ |
. = oo LRIE HFHUS
. . 1FE 7[9 UMM MAHE M2 82| Ho[E &
Qizo & Jiao2018) () ce)ziE] oo mE Z2of HlofE
23 ZAL oAolM Q| mElH|0|E{(paradata) ERECZ HFE
H[O[E Kroehne, U & 7|8F Woto| X2E oI5 M ZHx| HE(REZ B, 2
Goldhammer, F. (2018) 221 2 ZZAM|A z2HH)Q| H|0O|EZE, EXMaliZ 2™ T 7|
Eg £+ s 2= ZFO Ho|EHE =Z&el= -
Bergner & J|BE BE XZ Zo|M "Il S2Al(assessment-oriented)
Von Davier(2019) 22 AE35}7| 2la| MEI=|= 0|
C|X|E A|AEIDIO] ALA} ASZEIZ0|| Cfsl AN 7|2 Y
Jiang et al(2021)  E®A} tE= M 7} MAst= O|HIE(event)Q| EfYAEST
(timestamp)
ot 2ol oish 2 M vrdst= A Ho[E =
Provasnik(2021) M &Rl XM I H|QIX|H, Es| AMz|sty AxE
Btdst= A
Fu et al(2014) TADL EXN 28 = IHE e o 2= MA| oA
#El(chatting), 22l(clicks), =2§2a(dragging)zt Z2 Il
Adams et al(2015) X=o| Aol Em HNule 7|=23 ¢o|E
Aolojxz| Y EHIAE Ofo|HdoZ2 EM JissH HAE
Hao et aAl015) oo g 4 9= wRiel as o=
Ercikan & "ot ME e sfiMsty oS ZFE o T™HXID}
oM Pellegrino (2017)  MZisl= oy, M2, MIw J2|1 HE
AFA

[Lia)

Shu et al(2017)

Bergner &
Von Davier(2018)

7*1} Hlo|E{(product data)= E2x[ciZd = Lo{xl Zio[2f
M, TEMA HOEH= ExsiZ nFAAM TR B2
o MSHZSIHM HEILLE 21X Y #F 0t

- 13 - o -



z& SHEO| otd, XL 2E SHE 27|79
Erickan et al(2020) Zoil ch3t GO[E{2, ZIC ZH H|n E2 AfHI|s2E A

£ LS JMulske SOl 2d Az

21 Ho|HE meAt oix|gtez =Eeh X[HM A
2 HIo|EZ, ZEMA Ho|HE Zut E1|0|E19P TESl=
QIDIEM ZUE LI DAL MM pEez
e A

Levy(2020)

EYotIXt o= Hout 2k
Xu et d@020) R e Al

rn

Zgnte ety AmzZc

Kerr et al(2011) 1 1 2350| EJQIAENT o|HIEQ| AlEtoz, X|AHE 7|2t
Fang & Ying(2020) <S¢t mEXI7F o{EH #SSH=XE 7|28l X2
Ches| LAt 2ME Yottt & siZsk=XI7t otlat,

Zhan & Qiao(2022)

Z:
msixte] SHHZ YES elPeln BHE YA HZ
st=xlof chgt o 2 SHS MIsts FEE VY I
717t 7128 clolef

= o] ZEA 2 HolHE BYstetl, <& Do A+
H AT FollA EAHQ] AFES AYEA ofet Ao WA Kroehne
¢} Goldhammer(2018)2 =1 H|oJE 2 A2 ZZ A2 HolHE A3
oAb E HlolE e 1S Ut A F2 REAQ ARE FHGHo gt
Ti(Jiang et al., 2021). 28U nS8 FI7FA HFEH 76 B 3545
HA A" A £ 7hsd B FHO A5, S AdE A9 &
S 297 7] 4E, A A BIHE Tk wH AR = A 9
VPNel o] 27|7kADE onjste =11 dHlolE7F 34 o B 7A=Y
wAlS EA HAA, tiatE By Z2O90] 27 HolEE AlFshr] Al
2+t tHKroehne & Goldhammer, 2018). AFY Z1 Hlo]El&E ZAFA T
Al Z=ARLA O gk HolEQl sEtelo]H & olsid & Q7] wWiZol, et
HolHE olafsle ES Z1 "ol E A& 2 & dHKroehne &
Goldhammer, 2018). A} A ——rLoﬂfﬁ Iﬂrﬂ‘rtﬂ o] Ei% A543 PAHo] AAE
oANGA FREHAEA = ARE, ZAIA
Eﬁa = XPE% 0}‘4 A ZAFA Ao A AL

HFrzor dojxls Azotk@e, A9d, 2015).

¢

3 ] O -
- 14 - M 21



Kroehne¥ Goldhammer(2018)= ItetdlolE& Al 71A] Izl HF=E
F= AdgdAT(Callegaro 2012; McClain et al., 2019; Olson and
Parkhurst, 2013)5 FF=x3ste] n§ HrlolA el 22 dHlolHE otz [19
219} o] ‘HT TH(access-related), &8 T H(response-related) F =
ZM 2 B4 (process-related)’ HloJEHZ &3t A 2lst3

{ Auxiliary | Substantive
Data P R — Data
b
Device / Type . =
Browser & Plugins O\, = e - Answer Changes
< l’aradala B,
— .~~~ Response Times (Item-Level)

S

.““ ”
Location / GPS 5
Setting / Environment ~ \ @ r _~ Mouse / Touch Events
Tiine {Zons! ,_7 r__,;_; Kevstrokes / Input
—+ ( \

Agcess-
g related | Retponse: |
g / y -
.;;E W, Conbici Inivmtiag = _}_ relnted J }:’/ Saru\lmlyxulummg .
ﬁ N\ Participation Status - /?—/ Navy lguu_nn within l-.m.nn_zs_
Login / Logout / Resume // ." Process- ‘\ A Order of Answers in Entities
I\ m\ | related P —— Prompts / Messages / Request

e of Additional Information
S 5
4 \\“"— Total Time (Entity-Level)

Meaningful Components of the — At

Assessment Process (States) /0

Log Events Contextualized 7
within States * Last Entity / Drop-off
H ‘\\\ Navigation between Entities
g  Ttem or Question Review
N \ Completion Time

Indicators Extracted from the \
Reconstructied Sequence of States

p

[12! 2] 27 H|o|Ee| EF
(Kroehne & Goldhammer, 2018)

d HolHe Foje tE F
| AE 2(interface) A< AE7F ofd A
A TAME AA Fol DAL F e B A&l did BRE v
7Fedk BE HlolHE 7 Seta &
&3foF gtk HlolH —’F%‘M A A (completeness)S 7 Zsh= YA ol U
tH(Kroehne et al., 2016).
- Bergner2} von Davier(2019)= dlol8 4319 S Ao o2& A7
sttt FHE AR tiFEe] Wrte] Hd3 JAd FitstA e

o
o
o
IS
fr
o
é
:?1:’1
i
[

o
2
>
+
=)

-
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FASAA ZEZA - HolHE ‘FRH EE AR FolA HUF AR
At glolg]” 2 BostAed, ole BEe ARE 7|Ssta &85 E
ok FG7tel Fofr g HolHE Adsiats B ot ol w7F B SHA
3 7HNational Assessment of Educational Progress: NAEP)7} 2017\ d¢ #
FE 71N HUlE F2A Astes A NA ZEA| X HolHE ofEA F
ot EAHA HA=A 2017d71A] o] Folxl APATFES AES,
ATEol A ol thdt Z=A 2 HolE o oS oA nretE %
A Wt FREY A AFEYS ofy [Od 3] Z& ZEA
2 HolH ARES] STAl =AM ZH AN 2 AASAT

~

X Level 5:

]l;reo‘::si:data fa Level 2: Level 3: ll;rec:giels:‘data e Process data is

o |l oo | Procescua s | S e pegios

ignored and {p ; qt) i itself and is incorporated

only the am((i1 latry c(i)' ess(fnrslﬁa.ng'n inoorporated into a[J

responses are uneerstaneng ade ng into a scoring t

considered the outcome the outcome rubric n;gzilfemen

n
J
it it o
[O2! 3] Z2MA o8 A2l =3
(Bergner & von Davier, 2019)
= H A5 2~ =

o]5°] &A% HAFAS 3] A3 HolHE

=< ZEAZ HolHE @
eN

A= HAolA A FAEolut A Al A RUE P AT B
XA FHoE He AHFE A HolEE olafstr] s & Bad
Aog R AA7FA thakstdtt. Bergnere}l von Davier(2019)+ o2
o] 2AH 7} Rolyl TZA 2~ doleo] ts] 3eA(Level 3) o]Are] #4
= AT dart ot s 394 o] ZEAM 2 Holg e &
A3 HolHE 47] 3 FAbEo] obd, AFH}E olsfslr] f3t] B3
oJAY A# HolHo| X3EHE, Bt ¢ AF54% J&E st o= bt

gRrE AHo|t,
Provasnik(2021)¢] 2]+ Bergnere} von Davier(2019)e] -3 FA}sH
o, W2 olme] ‘=T HolE’ & F2 ouel ‘Z=zAlX Holy’ 9
Aol ol FEEAT. 21 HlolH = AFE ZIRE HUld A e Be
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ARE oust= WhH, T2 A2 HlojH e 1 HlolH TAZ HI7F &
o gk 2 A S vtgst= AE A diolHE AedE AL ZA, 53
@zl ¢lx A 9@ w)elx A Az FLx(latent structure)S WFA dl= # o)

o}of gki mgkeh.
Jlang ﬂ(ZOZl)L NAEPo| ZAFE 7|v H7l2 AdH 20179 5HE 9=}
o % = AT 5 e AT 713
S AFHE AZE Y BT FH0) B A FRALT. A7AE
e Z2A2 HolEE HAY Axdde] NP4 Faggol fF A
2 g AR me AuzE AAsks oMES) BY2uz 8 Yolaty
o ol & HlE S = NAEP 20179] 8 A4l E3lA 82 ZA &) 2
A3 AE7 e g A4S 7|Hto 2 =1 o =F(drag and drop)3} E}
2B ARy} Ao EAH A FAT} Aol 2ol2 7 tuitty
dehela, o5 ¢ B4 ooz Musii.
olHY Z2A2 HolHE 21 HolHE nletnE By FPAe| 3
H4¢ 2ot AFEVL 715 £ e BE TR ARE ovle
o

|
1S ol 4 Utk =3 e FoS w23 QY
=

=
S A0 mel £1% F b BE HolHE FEeAL 2L
AT AT, B A3 Wk BAD o] RshE Wt FA

703 Bergner$}l von Davier(2019)2]
A= &9 23FA(eye-tracking)oly} J|2EZZ
(keystroke), Zc}xl«l VPN & BE& BEE X3t For|dt AR E AH
st JAIAeE 2y F2 oo HH AA’ o ZEAX HolHE
A= Aot ol HT AKSAP L FofollA ZEA 2 HolHE
ATt B AFASNAAN EE&H Qo] FAHORE AdHE Javt
ATt A A E=E HAE gto] Zg2A| 2 HolHE AT 2l
ATES 2 Zrh
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Bergner®} von Davier(2019), Levy(2020)= Z=EA 2 ©lo]El9] A3
(generative) A 2]o] B35 da A AstHA, 1 olF= ste] HIbol A9
ZZAH 2 HolE 7 & BUtelA = A HolerE 2 4 Y] WEolg
I FAEA T WEkA Levy(2020)= A3 HolE & ZEA X HOHE T
star, A3t vlolHE JPA7F npA g g2 =3 A oA 42 ol
, ZEA| 2 HlolHE A3 HolHE AVI7HA A @AV AT AH o=
AostAath 1glal o] A ZEAN . HolEE W T £ JE ok
g SAH 2P ES ASskAh

Zhan# Qiao(2022)= Bt ="z o} 34 71549 2] 38 dolH= 44
NA2E Aottt o5& A AA2Tt 71E] FHolY &3 A9t
gl H7F FAoA AR 3P At —rzﬂ fd Ags AW + A
2ol & AFstaA, HFE 71nk H7 s
Hrrsta B35 EA A Z2A

E‘O] ﬂxﬂg— '8]]7% st W 53

ft

t&»ﬂ A AE=E 7]%91 = EﬂolEi A ﬁéﬂi Heste 9ES
st Zloz HgtEe o |

= Jlx "wAlow W %7@ 7} %_9_@ FEE S Xﬂ“"@' T /\)]\E]'ﬂ 3}
Atk st A3 HolHE 7|Wto g H4E AEsE 7129 Hrh 9
olm, e shte HHAAS U m2A 2 PE| w4 5o m2A
2 HolHZRE HFE =E3HE M2 Hrie dgtolg 158 A

WA B AU Bohe] Aol A Z2Ax HlolHE T BIAEo]
=g PH o YTl HAle] Felsh=Ae] of ol e B
e Aok stk Yolrh 215L oA P FHS B B A
AE AT Brlel BYA S AFSHE ° 714 5 Aok @A, o
B2 AR SRS S MNT 2k A5E vmshs oAl 188
e,

oA Y AW NE2E ZEAZ HOHE YR dTES ZEAZ b
olHE ‘HF AIE LVI7HA AdATE AFHR AAH FL2 T o=

T A 2-11



Fxo e FAYL A sn Ygon, A HolHE AN o
S@Ae] BES FEohe So) B JTL b o] T T o] g

AGAA ZZA 2 HolHel Ade A A, A7) ue Fojrt =

=4 27 shARE R J 2 ZEA2 HolHE il HAFEIL

F33% dolE A I FAEA(latent trait) S oldistE H =&

daA Foe el dee THY A 1Y gAE BE AT

=°] JPFATE Aol E2dte HE = R 7] dZel, ol A+

= ZEAL HolEHE Ad AdXT 2A Aofstal Sl

Aestd, A Al HFH 7 BUEE Aldss Bl 3]
23 "ol F, AdArt 23] AF e85l =st= #HA’ ol 4

H 21
& 4 Qo o] o] AFAAE HAAL 7ute] AlEFolAH E&A

‘oA R gFeIA UEhbe S@AY og B Ae] AR 2
4 g BAow sm glome, Fojrl 2 HolHoA du AAx F
JEHE &3] 71E AA oA o ¥ WP WFL BHY B8
7 ik

A X7 Al Ho”ﬂﬁi HrtE /\]630}7] u}]—.—oﬂ ;HE_%“_ WAl o] 3
ZhlA Ao 5 fIE T FEje] dolHE Ao 5 ok Aol 8l
A wHDiCerbo et al., 2014), HolEl] Ftej® F& F2o] Q. AZ 1

Fej7F v Holgt= @do] AdtkBejar & Braun, 1994; Ulitzsch et al.,
2021a; Zhan & Qiao, 2022). we}A ZZ A2~ HlolE oA F83 HAHE
Aste FEste AYL 423 o FAE AAZIHQiao & Jiao,
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2018).

ol B2 AFAEE ZEA L HOHE 7hEste] 4 7hed FHE
s AAY AR AT AAEY AFS A 71" dAETaw
data)& #4 7Fs3t=S Wt=+ ‘HolH &8 d(data cleaning)’ A
diole] S840l o] Foxl AR A3 HRE F=3= ‘5 FF
(feature selection)’ IHHOo=Z o & 4 Ut}

ZZAH 2 ol g HolH Y A2 W3l S-S54 7L HolH
o] F8lYd #AH thE FHo] U} ols ZEAM 2 >
GAY =10 HolE7F AAIZTC 2 HFE o 7| F5H AR Wil YE
e EAolth. 21 HolE& dRbEoE T HolH ao*ﬁ‘ﬂr s
2 70 ¥2)(long format) .2 Fo A &=d], o]

D)o} A H@Ate] =244 PFo] BB Z e A o 2 7H«l ’fiﬂoi

7129 += HolHE 9n3ch(Xu et al., 2020; Zhan & Qiao, 2022). °]) &} 2
<> aEﬂi HolHE AANCE 7| 53le AAAA F3s] B FYol

HEo 7|55, A7 viAA HH, 2= SI4Y o/FE JJA

7} olr] F&3F FFE o W v AIFI A9 #FEHIE 3H
(Hicks, 2022). wpetax] A2 E4 o kA o)<} HFZ A,
i 52 do] oy A 3T HolEE A& AAok
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Az oA AT Ao REslEE
FEoAY 7Heste AAH S AXA He=d o] #AFo] nt
(Davidson, 2022; Sao Pedro et al., 2012). &4
A d HAGolA Fasttta A== 4D 71A 9
FastAY A7 FHA AEo g A on,

o &S FA= A4S ZlolAly AR Be HAldd e

3t tHHan et al., 2019; He & Davier, 2015; Stadler et al., 2019;
Jiao, 2018; Ulizsch et al., 2022; Zhan & Qiao, 2022). o] 2] ol Wj gk
Hetslr] g =5 (H4setr] 9 FEHE THCE F53ety
Al AesAY(Circi et al,, 2021) EAR3 F2 PF o]ol&= o]z
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(noise)& z+F3st= Wo] A &EUtkHe et al, 2019/2021; Kleinman et
al., 2022; Ulitzsch et al., 2022Db).

Ty o] FA gdEA ARHI e B F= AACdE o I
o FHA Aho] Hol AYsHA At 8t F3olv 222719 o] Y&
AE7Fe] A4S &8 4 J= 7 -(Frenken et al, 2022; Gong et al.,
2022; Guo et al., 2018; Jiang et al., 2021; Jiang et al., 2023; Jiang, Y &
Cayton-Hodges, 2023; Salles et al., 2020; Zhu et al., 20190l = EA F=
Zkdo] o} H A FA|k, AP A (real-life situation)S A2 3t Al E
dlo]d 719ke] A (simulation-based task)e} & -9 HIFE e 2P A}
o FoAgol #I HE A o] FEIA o, o= Tk o]srt
FEett(Xiao et al, 2021). @& A7 54 FE50 #stq dAEZ7ke] &
Aestal YRR W& A2 A7 &
tlolEle M7t &3 AAE A, A
st Awde SAE AAS] Wl AY BEst AA-e AAS
w7 okr}.

tlolg el HABYPZA S #HAT & e A

of| = Zqlnttt EleolElY g Zo] Fo|] »E

At ol tH(Xiao et al., 2021). ¥4t ofu g} T2 A2 HolE 9} &
olH= A= =Y 01 ol 7397} wthBergner & von Davier, 2019; Levy,
2020). oo RTY DCM¥#} 2& SA 23 & T2 WAoo s & &3t
717F Wl $- o ¥ th(Zhan & Qiao, 2022). WetA Z 2 A2 dlo]E oA 2|u|
UE A S =557 faiA e, oldde & AHER B4 WHel &
A ¥ tHBejar & Braun, 1994; Fossey, 2017; Fu et al, 2014; Tang et al.,
2020; Zhan & Qiao, 2022).

olggt Qo $-8317] 918, Z2A| 2~ dolHE E43k= WHE<] 2000
Ao SRR AlZbete] theFstAl Al b o $ktkShu et al., 2017). of2 &
A A ATal & v ZEA 2 Holy Foke] AAATFEC] A=
7HA ALt & FA WHES A 7T HFE U 7 JdtkXiao et al,
202D). ol&& (D SFAY A EA g TAZF FES ===
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olf] mlo]dol HEo 2% olafd = 9

Fossey(201N& 533 & vlolHE F 7HA A&, S o83 HZ i
I AEAH HT BHoE s & AtheE Bejaret Braun(1994)¢] A
Apgate], ZEA 2 HlolHE BA e WS s W A T
Hog FEF F AT sk s WS o84 & ARESHY

AE TRt A9

dE = Wy g 1
(Fossey, 2017). o] &

olElE AZ3H =
2018; Levy, 2014; Liu et al., 2018; Liu et al., 2023; Shu et al., 2017; Xu et
al., 2020; Zhang et al., 2019), ‘=3 7] A (model based analysis)’ ©]
2} B8 7] @ cHZhan & Qiao, 2018). ¥ AFgE2] Wb & W 35l3}l o] 2o
AR B AEoA, B33 ZEA 2 HolHE2RE ATA) o]
&2 X A wolH e 25 EAsta flolH nfolid 3} e
AYA H uow% g3t (Fossey, 2017). o] &2 S A4 3=
1= WHS Ndske A AE AT —E FQl w5 Tl
H HIHE FAst Jom(Romero & Ventura, 2010), ©]
HE F4(data driven analysis)’ ol2ti % &3l JTHZhan
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sttHGobert et al., 2013). webA] W§ X 29 HE7}
AL FAE AR T A A, B4 HF 4
7} REEA] o] Fojxof gt} Egh, UA AW EYE F
HE EA438t7] 8l A st a FdF2 e F 7HA
AR 71 SIRAA T, @A Z2AH 2 HolHE 438t 2o] &
82, ATFAES HolH e 543 AT Al wet HHg

stAY A 2ol Aok st F& el ot o] AT
) A Ao ot JoerE b diie A Ad
o=z g AgAFEe] At B4 PHES HEA=AE 4
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A 24, 4A AEL Holy 4

L 94 NAx Holg &9 58

UM AHERE A AFxs ZAEE FGAA PR PF5e Al
3 @A 7153 A5z olsid & Atk ol AldaE AdAT &
ol JZsle] Fox SHol EEste e Aske o =gl 2
T Ae FTHEY Holy &22E AlEdnUiang et al, 2021). o] dolA =
UA AFT Fossey(201Me] #HE A E3ste Z2A|2 dloly EAS
A% FFAERA) THIA stFA(e]&H) BHor AH A2 Ho]

of HZets WHES /st AYsiidn. ol o <& Do &

HZ HgE gy HNRHALT)
Stevens & Casillas(2006)
Kerr et al(2011)
Kinnebrew 2} Biswas(2012)
Desmarais 2} Lemieux(2013)
Martinez-Maldonado et al(2013)
Bergner et al(2014)
Andres et al(2015)
He & von Davier(2015)
Hao et al(2015)

AFSEAI AEA ofo|gl Klingler et al(2016)
R T Ng et al(2016)
Fossey(2017)

Qiao & Jiao(2018)
Anough et al(2019)
He et al(2019)
Wang et al(2019)
Mbouzao et al(2020)
Zhu et al(2020)

Circi et al(2021)

_24_



He et al(2021)

Ulitzsch et al(2021b)

Kleinman et al(2022)

Ulitzsch et al(2022a)

Jiang et al(2023)

IZZMA ojold

Martinez-Maldonado et al(2013)

Rajendran et al(2018)

Wang et al(2019)

Emara et al(2021)

Saint et al(2021)

Feng et al(2022)

Eg| 7|8t 2§

Montalvo et al(2010)

Sao Pedro(2013)

He(2013)

Han et al(2019)

Ulitzsch et al(2022b)

Qin(2022)

Xiao et al(2022)

Lto|E H[o|=

Lundgren(2022)

NEZE ef ofAl

Qiao & Jiao(2018)

28 HESIZ

Zhu et al(2016)

Li et al(2022)

Tang et al(2021)

Desmarais 2} Lemieux(2013)

Xu et al(2018)

Arieli-Attali et al(2019)

Xu et al(2020)

Xiao et al(2021)

Levy(2014)
24 D23z} Lamar(2018)
ERIEHe AZIH Chen(2020)

=

Liu et al(2023)

S
ro
P
H
Iz

Tang et al(2020)

Liu et al(2018)

StatAl ZEe 2 Zhang et al(2019)
= Xiao et al(2021)
ZCHER 2 Y Zhan & Qiao(2022)
D23z 23HeSDE Shu et al(2017)
23 = Mo| AXEETE Xu et al(2020)
ZAAHE[OpAFS 2 & Fang & Ying(2020)
A ASEH Xu et al(2018)
A SH2E Chen et al(2022)
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7h A AT W

GA APz BHS A 4B A PP

e ZH~HE, EY 7)H BX(tree based analysis), Al#E 2 mlo]y

(sequence mining), ZZA| 2 wlo|y, &Y nf=2 32 w7 ¥(hidden markov

7gz'ﬂ;<-l 7}43:./] _],_9_ 1:1/\-1

model), YIESH 2 EA(network analysis) 2! 213473 "Hneural network)

S et 9A AGSERE, o] HHELS doly 7w EMolglis &

7= 2% dolE moldom B3 4 gtk 1S folE nfoly s&e
A A E FESE F e, A EAhskeE ol

A F mholWd 3 sH9 IFY SRR £4S AEs)
At

Mo e e T o rlr rlr

2 &3t glar(Dong & Pei, 2007; He et al., 2022), A8 ARE 714
e 2H Y dagFo] &8ss Aso|th wEta Al mrold 3
H2H P 3 A&EHE A7 B, WEE Y 2E o] AlAX vt
ojd HAte] dRFCE UFHIE Tt HAAE 99 <F 29 AEx
ntoldol 71AE A5 e Se2EHE WHE F &8t ol
OH NH A AxE 83 B2 HAAdFE0] AP P& HEs -
Y3ttt olafstaiat st &+ Aok
’dﬁgﬁ—?oﬂ AE&H AA2 vlo]d e B FAZHOZ AuEH, I

AASZHE FHE HolHAN GA AUzeh BB AH AAxs b B
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AE 1#ste] E-S 2Est= 3|8 vlo]d(Kinnebrew & Biswas, 2012,
Martinez-Maldonado et al., 2013; Ng et al., 2016; Wang et al., 2019), t3&
Z10l FH~H# Wl K-H¢ ZF#2E Y (k-means clustering), Al=2]
Z & 2~ Y(hierarchical clustering, Hao et al., 2015), w233 <l
(markov chain)< &3 AlZte] &Fo & F3o] H3E AHHE s
2 Z2] 2~E H(evolutionary clustering, Klingler et al., 2016), X A]#
2+ Aglel web 18 Z(graph)e] =E(node)E F&HsY 77t =Twt
7l WAle® FYxHPste gz 7Rk F2 2~F Y(graph-based
clustering, Ulitzsch et al., 2022a), KA A|A oA d& Z2F ARG &
&3l e =&k Ad2 F212H " sequence clustering, Circi et
al, 202D, 283 939 7|dte] ALt HHS S83te A7) 233 A=
(self-organizing map, Stevens & Casillas, 2006) 5] 1T},

o] W=, 4 HZo o AFdde EAMAY] WA A&

=
AA FA AE2Y HHe e =72 4 Z2A2 mho]Y(van

der Aalst, 2016), A A|F2E FHE AdH AHA2EZ Ures A48 27
T Hpiecewise linear) ¢agFE, ABEH AdH AI2EE EF77I

(classifien) & FA3t7] <3 Eg 7|5 23
H] o] Z(naive bayes), 4 Al 2

Wl A48 Y EQ AL et al, 2022), FzEE A
gl wet ok

[e)
Fgatel A WEE Bl B9 TR
O~

X
e
o F
7~
=
=2
=
o
=
(@]
=
“.
IS
=
=N

3l O #Fe HFE GFshe
2021), 1813 vp2 33X 74 (markov assumption) ©]&3ko] Ajgte] &
o M} PFo A HH, & FES FAHS] A% 24 23z =Y

(Xu et al., 2018) So] Ut}
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A A2 A4S AT oFFA H A o]E3 HEL AEHU F
ARY e ZASH 2y ZEA X HolHE dAste s o] 3
TS o] &0k o] AW HA dFstdx B3 7Iv E4olg Edt
(Zhan & Qiao, 2018). =¥ & (2019 °l& HFTZH dolg F49

T FEF HZolwt Ao, B3RS FEH kg dEHE JH b
oJHERE AFoE v v HEH AFS THsE A HI
WS HolE mlo]d AbE = HTolgta stk ol H g HEHS 7
REFEEL RTYH DCMS ©E0 2 38375 A4 tg4s %LZH =
Z 283} A FZE2g(atent structural model), &2 IRT<} DCM3} &
AFHA SAEYS st e A= #do] At olgA F RIS
Agete A 3= AAE S48 Ad 944 AlE 2 HolHE At
+ Aol SEAY HAEAD thg F8o] JhsaixtkE w A thZhan
& Qiao, 2022). o] & 7|&4 S EFPo] BAE st JAT 7HAS B
et By Al

btz x==star dok(Liu et al., 2023).
o] Htolx 313k HIZdde WFsH PT Alole dAS EY U
(topic modeling)sl= w232 o] 22| EY 2d(latent topic model with
markovian transition, Xu et al., 2020), $E#te] EAol| W& A AZ3}
SHAY dF A4 FFHA wE A AT F HoloE vkl FAH vt
Abd = (latent theme dictionary model, Fang & Ying, 2020)o] 1o, 3

T AAS UEY AR TSt dF 3F A FE FARE o] &t Y
XHQ‘H AE FHA W4-E ze ZAF2d(atent space model, Chen et

sk IS 2 7 mﬁml Y YFE
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2 AdIHAE QA NAxo] HEH A7 BF

A ATIE FFAT HFH, T

2] A, T 7HA A B AAdoler A Al
o FefA frapdol Ftate] Ao A g WHE A A|A 2o ALt
7t &t A =7 o] Rl A Sttt
Atdol s AbEEo] QAAZANA AALGA AMESHE doE Teka,
Atdol A gl W old HIFE T AdoE 01’511 StAY AT 5 JE=E o)
© THE EokoltH(Y 3] 4, 2019). AAoi A Ele] WHEL IA TS ol F
= TALA B8 A8 BUQd B FES Fosle o] g
I #A4 e FdFE A A S FF 2 e 58 FEE
UE & Atk AAoA e §§ EokE2s H2E 2R/, AogH, A%
AA, A 8%, 7AMY TOE, olgld AAAH e Adojet AHA
o} -$- t}oFsk EAE a2 < At(ufrasky & Martin, 2021). Z7] Ao
Aels el 71%3 TAA WHoE Wt on, HZoe dF A
ol 7123 Hed ¢ugE7tA dRE Shoke] 713, 2022).
ZP%‘H?‘HE]E N Ao AL TS A F/HRE YE F As

it

A NA2 7L 74,:;] =xow A st
=
T

P Aol A E GFA WU sF U 2F l %Hlﬁ E‘r. o] o]
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TH AAY T oo AdojAe d9Y AA ZE&Ht(urafsky &
Martin, 2021). N-gram-2 <19 _‘?_%101]/‘1 o] AL vtE o] wovt
FololA=A 7 AAdthe nt= =

Eo A4 o B2 gk A% 9 7H9l %01% Fzxste= HZolt
(Jufrasky & Martin, 2021). oju] & 7§2] T & F A ZAAH 3= U9
FA7F Nol B2, N-gram2 ©] N7/ ¢ ©ojdS on| gt} N-gramol A ok
= T E dSEste &2 okl (4 119 ZAMH Z(ufrasky &
Martin, 2020).
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< 283 Aot} o] 23 N-grams &-8-3}
o934 2o, Heel von
Davier(2015/2016) Liao €](2020), 12} AL Ulitzsch £}(2022a)= 7}ol Al A
ok 312] Z(Oakes et al., 2001)-& o] g3te] Huol Zo] 391 N-grame] 3
o8 Ayol yehd &Eo] & PFF(le AF A AlE2)F H ol
Uehd &E0] 2 Pd5)s o7 A4 A2 FEst Agd
A+ BAo He 212019+ &3 Loﬂ A 7bs3 R E 1-gram3} 2-gram 3
e THE F IR JtEAE e NE B4 S B ZA A T4
g AEE 3 A A EL, S AG A AEz0 oF dH AA2E A
349tk Han €(2019)= 132 3704 Zdoleo] &< Zole] N-gramql o
A APz BE A AF2 o) Wy Ey ~E(random forest) 7]H
= A&t A7 A AA 29 o7 o B
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93, Qiaos} Jiao(2018)% HAFSH WalS ALty =t oluw] thFst vl
HY WS Agste AR5 ol [27 419 o] ¥lwst ) Ulitzsch
91(2022b)= ¢7] AN AN = 2719 fFo] LA A ofEH S A
T AJAES AET F Aol 2Aste] 17E 3704 dol9 N-gram<

Z 33k dlolE] o] H-~E(boosting) WS &3

CART Random Forest Gradient Boosting

gu;uuum‘mu““

2
ey
5

uuuuuuLlULIUUH HH{

8
2
g

0 004

(921 4] oialets) B M8 o4 Al

(Qao & Jiao, 2018)

TH SARY S E48h= ol N-gramoll Al =&3 A5E £F

AF st= A&7} o] FoiH o Zhan & Qiao(2022)= DCM9] Q-matrixE
N-gram< &83tA T 7oA 2+ H4Hd A4
F3lo] opym g ZF AH AFAE 182 E3Hphantom item)’

2 ARG 147 28A B3-S 2l o 8%
7R EAE A 71eS ok (11 519k & Q-matrix@ AZASIATH

k

i
),
e

ol
-

o
o Morr oo K

o
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[tem number Phantom items Problem-solving skills

o a3 o3 oy os
| City 1 0 0 0 0
2 Con 0 1 0 0 0
3 Daily/trip4 0 0 1 0 0
4 Cancel 0 0 0 1 0
5 Buy 0 0 0 0 1
[ City — con 1 1 0 1] 0
7 Con — daily/trip4 0 1 | 0 0
B City — con — daily/trip4 1 | 1 0 0
9 City — con — daily — cancel | | | 1 0
10 Daily — cancel 0 0 1 I 0
11 Con — daily — cancel 0 | 1 | 0
12 Daily/trip4 — buy 0 0 1 0 1
13 Con — daily/trip4d — buy 0 1 1 0 1
14 City — con — daily/trip4 — buy 1 1 1 0 1

[OF 5] =AM 2rEolM MEEl 2Rt E8i=2t Q-matriZhan & Qiao, 2022)

Fang# Ying(2020)2 ©@ojEo] o|F& EY EX &5 A¥slr] st &
A7 el #A gl 8 g (latent dirichlret allocation, Blei et al.,
2003 HuAbA RS A A A RD S ARFSAT o] 59
A AR ED S RSN S F3] ASHosE FiE Ad AlAx~T F

7F=l= ‘oWl E Abd(event dictionary)’ & & . OJHE AL o

-

rok
iy

[

2 £33
H PR QA AA2R AR AP AA2E BT B, 2T
A A4 2 AF A2 P OB A AZ S FASAT o ME A
of TIPHE BE M AA20] J)FL Bae] AHL BItH ool
HE H AASAA Y ARG On, AFAEL FE A4 AB20] Qo]
g @ AA = gk,

Fg3lA = XA T 7 2-gram3} 3-gramo]
=

olEE ThFe HHoz FH HH AF doEo N-grame 283
ATE AHESdT A AFSAR, A AlEL 4049 N-grame
Ao mdo] HHQ FEZ FHE& ot o EEHI|HOE T2 dHY
2S BE I AF2E Bty ZF BE A APz iy N E
FZ3he, S N-gram AHAE &&ste ARl FAF5Ho AT o5
w24 S o Ao AL AFEL FZ N9 HYgS 3
olatE2 AAst= Aol AUATH o= No| AAH A4kl ozt 2ol
713tg A o2 Wolx|a(Y 34, 2019), B FS dojo A Al@ et
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25)7) wEo|thHan 2], 2019). WebA o 7 Feje) A A2
P

=7 &= Aol A= N-gram o] A gshA & o 3

4 Lo
A

=8 o8 dFolA N-gram o] Ald2 &Aool g w2 A
A glo] Al HolHE 7|Hte® EXS AAdste o A4
g} Hrlstar ltk(Han et al., 2019; He et al., 2018). 22]1} N-gram
A2 1Ao7} 3 olst2 gror=w 11 o TRV FFAY
oll(Tang et al., 2020), =39 543 Wt wet o5 A
@A PFE s viAS ThsAdol o, FiE A AEAE B4 O
2 3t7] wiZol Zol7k 11 A AlA = YollA BF 3 & i
A& AT 4 AtkHan et al., 2019). =3 1502 AFANA HoAFE o
A AEE AR AAZE FholAlgeld HAHY WY e A8t AES

AU AALE FEFE Aol F2 o] Foj At

2 o fZ
Mot g Lo
o rMr &2 & 2

s

0%

off
=

O

Zdoix g & A Azl e F HA HT2 A AlE= 3 En
IWhe AEE AR 2dske Aot A AlEx 3 ARls Al vt
old £4& T M THA Fefior & 7= Az o|tiDong & Pei,
2007). o] A2 O F 7HAE e o s, (D v 248 e o
A Al zoA D @A7E drtE s8R F S A=A E S A
I (2) AR F A BEE TS5 SY2HY T ths @AY 24

of &&stel= ZAoltiHe et al, 2022).
W ANFx HoHE FALRE D et 244 1 A At BHe &
gsto] A ANFzTE HAH 3 AF22RY driy Bolq A9

_33_ -'-\.\__E _!-I_.\.'_-I.



AgZ &8 4 Atk Hao 92019 IAFAE2 PFo] HAJe Fao
ZHE drehg gy 9oAd JdeAE Hludtr] 98k, 3 EAE S oE
TAEE HStste d HAa 9 Y £AE v of steAE ST A

= Ao @Y A #HAF S(minimum number of single-character
edit)® AFol¥l= dul<relel Azl(evenshtein distance; Levenshtein,
19655 Ar&stth o] wjeo] ol FALEE thE TALE HES o
g 23 AA(deletions), 4+<d(insertions), ™ Al(substitutions) ¢A4HS ¢ m] 3k
th. He £1(2019/202D+ 9 @A f5S £AE HolHE HEAZ $, o7
of At A e B AE FAAA LutH o E AREHE 7M1 35 Al
ME 7 11 F%F A8 2=(Longest Common Sequence: LCS)E
Hlul thido] &= F A A7t &3 o= FRske Aol 29
E Asbstat ATFAELS ol LCSE AV 3t A AJdE
H7F EAret 8 A7 ABd Bk HA o A AJE 29 vlas)
o 71 AR A AF2E AEse H AT & &9, ot
[13 6] HAY A NA27F A 7 S48t 234 B2 93
ke A A A=} 7 AR HA Y A A =
TAg Aol

|

0;

o[o
ol
o
=

eBsLl\ ATI ll\l -_u 25)
Start, iba He \lenujtem 5011 50r( 1 B
Fmali Om, Emaﬁ !f?ssage Off Emall \1e$'=age n ff

LCS3 (length=8): Star E ! ext_OK
LCS4 (length=0): Start, Menuitem_Sort, Sort_1_B, Sort_OK, Email, On_Em. ;ul Me;sage
Off_Email Message, Next, Next_OK

(12 6] 7K RARH 2E{0] UM AIBAS EHA4S

(He et al,, 2021)
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o 71| A Aol 251 FIFHE A AJF2(observation)= 99 [19
sikol] AAE U 7kA] HA o] B A E2(LCS1, LCS2, LCS3, LCS4)
Al At o w2 FfEe T4 U 7HE w2 LCS4¢t 7HE AR
2 AdEY F, LCSE T A oE g2 3o x3EHHE =
Z o GASE A AFAE A3
o]& He ¢(202D+= &&2 A4 #7834 :LE*Z]
2 sttt 3o ® LCSE

T8 AN A Gl A AL Oﬂ 7154
A7 A4 g 5“47—‘191 l% 9Jr LCS A& vlust

2

o

i >i Y o{N o
o st

OID
oo

e An 22 Bl 485w
2 Bopol A ALgEE AAG AAx

FAA AR daElE2l 532 AL Y (dynamlc time warping)-& 2% -&3}

A fAFSEA, lé
o8 LCSY d#HHlsret
Lemieux(2013)& A4 AlA 2 3F AglE SA37] st dwlmer] A
E]~ Z&3tATE o2 AIHE VIEoE AA A
=3 A AlE 2 HolE ol AlFA 2 S
Aol A A AA27E 3| A Ao JEs E=3ta, ol Al
3}t t). Circi €1Q202D% HA3E Algtol] uhg} & A

S  ‘®A(browsing), A~=2Z ZAHpassive investigation), =32 FAb
(active investigation), Z2-g(decision)’ olg} WH3liL o] & o] Fo|z
A ANE2E =53 5, gHgEd] Ags F8sto AlSZ 22289
TS T3 v, A2 AA o] A= FARE o2 Y #3E =&
sttt Hao 21(2015)= H@A=9 EAZ2 o] HAde o =7E
Aoty de "olA AeAE dulsE]l AR SAsta, ol& AF

F



an)

oz FX et e, ol APgAES] BANAE HHS
29 AYEs w3t EZA Ayt SutEA
A& B3} 317] 98 A el Ulitzsch £1(2021b/2022a)= A
2 AYE ZAsk7] Y8 LCSet FEE A Aldzol A&
HE O R g fFAE AEE EYsta, o7 28 7]k

frorlr ot
Y
o
o
FL

LTINS
)

it e e

based clustering)= 2} 83} %t} ——o] 202213 0] ©] 0]
AFoAME LHS AET JAAY 819 1F5s AEster 28313

. olEE Q%X}%«l qs o] AFA=Y E% JHEJ L= I
1

Sl X b My
>
)
ol
fz
i
Ry

LT
&
o
X
m\n
o
oz
M
o
i)
o
A
>,
)
)
to
>,
o~
>
)
o [
o~
o
Jo
S
>,
ox
filo
o)

2= o &850 Gao £1(2022)= %JJ A2 JEe HA AlH
T2 Wsksle] A AS EX(atent class analysis) S 33 &, 7t
25 EHE?S‘}% SRS /\l%i% °L°}LH7] 98le] Gabadinho 2](2011)<]
1:

My [ Lo

o

1:1
L
=
@,
oQ
jy
o
o
=
=
o
(@)
[@N
[@N
(@]
=)
()]
=
<
N
Ll
ko
ol
ok
3R
O
_EL
O
:|:
s
>,
)
[
\I
()
X
o
Ll
AN

Astz] flske] AA A 2ol A ﬂ%ﬁ” Studer ﬂ(2014)«1 A"*«l /\lf"l*
uj] & (optimal matching between sequences of spells) &1 E]&F& & -&3t=
Walow A ANA2 AT E7E BHEFeAT o d7=He et al,
2022; Gao et al., 2022)2 thxx A0 A|F2E FAZFQ] w02 Hesty
Atk Aol A, HE A7 vlg] AallE 71+ A AA 20l A9 A
2 =A% dFEHao et al, 2015 He et al, 2019/2021; Jiang et al.,
2023; Kleinman et al., 2022)37+= ¥ H S zh=t)

JYE A NU2E BALR NFH] AYUE F2H ATEL, 32
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N-gram$ 83te] AHS D3 o Belo] Qi B8 A4 AAXE F
Eott ATE Fel BAD Aole] AUE FYoE BT S L
Bgste] AHo| FYPOTRE ] ALE ZHSAL FH2EY B
28317) 9% A 240l eI Ak webA] o AN B
TR Qe CelgH 23 4FA dehis s@Ae] o @ A )
A A ol BAIAS 24 2RSS & 5 Ut

Ea 7 Ao 288 A 24 danEe AY Adel g s
27] WS e AAL AT Yool ATAE AH AALE BT
A st dolElsh BAY 4Ae) AuT AL YuelEe Hest U
o} o5 BAelt tRE HMErlolt LCSS ol 1 eke] Aol
g PelA AEsl & Ael F2 el AgHUom, AT A A
gl Aol Ads uF PP BNV E shgth oS0 FEHL
N BE F QA AAsTt drbt Be fo) 28 FhssAd Ak
TR g gl AEEe] & A 24 WEel dusEs LSt o
A BARE AUk AaEle Ha v B By FE 8 @
A FYoEE AR A8 e ouE AUs HE Aa AT} B
St A, AR AR A S 4H AAAE Mgt Bed 5
otk whebA oleld A ¢Eol A go] ok EW g 2 & FF
AelQl LCSE «AHoE Uets 35 249 F8 Aoz zlojng,

MEE Y fAE AE AA250) LGS AUE /EeR @ 0 o fA8
Aoz #ud & Avh a3 @ /b Ao A AP

317 A"AY 7HE 7 A ARt ol A Y
e QA A

o] Aol FIA e BA
_IC_)r

83t ZAAAA

- 37 - ] &-t]] &



AA Fo =M, FFH
A

SRR SRR E

L o do [o rig

2 A%sh= BHY
o] epg Aol o

gk gtalo] Slofok b TAllA o] Foi X 43 o] wE XS AlF
g 5 U H7) WEolth 2y ¥ ATolA Aed A Az 3t
of Adl A4 W2 vdAe] HH ANH2E iy J4A Ald 2o A 2s)
= H Z&s7lds AV S & F An w2 te dolAs
AL M E ZYo] o] FoXHA Ao AlYE A AF2TF FARRE
WA ARZE HE FIHEA T A6 FolER & e A

ofxzle] Wy 3 Rl theto] Lol

_38_



A 3d. Adoie Wy =¥

L Adoje] Yuld d+9 2F

7t B34 oo U

Adolol A QMg e BAE el mdel e Wass PHe o

n]goh(o] 7] &, 2019; Jurafsky & Martin, 2021). %719 Uude o7}
T 52 A WA AT =S SASHY o] s &8ss U

:L
juked
=z

Fl

o
ol W oH 9= 3 (bag of words approach)< %%?3‘}9%
& tojo] ouo A Ed(context)e] HE, & A TAHdE Gl
frAd ol 2 EHe] FAP O R olojXitkE oju|olA 4 wioll A
At do] 5o FE3= EE 7Fg(distributional hypothesis)S = 3}
g o] frabdel Wy FIHde] 91X AR v EE= A
of FE3lw A LA ATH wetd YulEdS ‘dolE HE Il &
3tz k= o] ®3(language representation)’ olgt s = Itk
(Jurafsky & Martin, 2021).

off 1o ot ot [d
I

K
o
®
ok
.

2
A
25

ol s ME F7hol A o) Qo] TH AT B oA Tl o] the Thol
2 Z3AL Bolo] 2FA Bl Ui FEL FHSE Ao} =l
& FgaTA B BASA Dok Ao} RAL Bojo The Vol B o=
SAL Wl 2o HEL BolFoEM WY B duA s
B3 dloje] B4e AAFE 9TS SIS AT, o] mHo AL A
BE ol §5HH o] HHE £FAT = Y] BB Aol JuY 3
BEE FgAT o] Bt A Al JhA el QEl, %A M

gk (1) N-gram, 93d WHoZ 7= H=7]o 543 (2) Word2Vec, 1
g Jed 7|6k vind FH 2ol AjkH Aol Bdolgt & = EWN
2~ZW 9] (3) BERTZ}F 9t} o]=2 FAdo=z Ary oyl 2o}

AA, 2719 Ao 2 &9 7|2 FAAA AU N-gramo] 3l



Elue ©@olE9 NIERxe 218 858 &83tt(urafsky & Martin,
2021). o} [19 718 o] # 3 N-grame & E4 ‘i want english food” 7}
et FES AlAtske AR, ntE2AZ JHA ] wet vtz A F
Aote @l 21F FES E&5td gES ANTSE & F Aok

P(<s> i want english food </s>)
= P({i|<s>)P(want|i)P(english|want)
P(food|english}P(</s>|food)
25 % 33 x .0011 x 0.5 x 0.68
= .000031

[O2] 7] N-grame 2 29| &2 AlASH= of|Al(Jurafsky & Martin, 2021)

=4, &0l g S SFdte BY T HAS B FES T2 WHol &
3 HAUFEE 283t 7€ #AA 2R e &2 @AY 7=
Y ESIE A Word2VecoltHMikolov et al., 2011. o] B& & &EX]
(corpus) H¢] & T E AbEsty HIEE SAT ZEE E&std At
o] Fito] wig- AT e LTt wehA 2Fo] do] el £
< SFsts AAANA SAD ol FH dojse FHIL Az
A=A Y] o BE 93l oM (binary) £577] WHES MYt &

of, obeff [ 819 ©o] “apricot” ¢ =7] 291 &= “tablespoon,
of, jam, a’ & Yl 7}1A @oj7} Ex3sla Jed, EF7NA AA FHG
A

J
o]l tablespoon %k, FHTo7} ol lemone ARoZ B
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. lemon, a [tablespoon of apricot jam, a] pinch ...
&1 c L c3 c4

[12! 8] Word2Vec ZEOIML| SAICto{Qf FHEI0] A
(Jurafsky & Martin, 2021)

ar EJ]T‘:— 01‘?313} H’Jr?/‘r/ﬂ N-gram¥} Word2Vec& =
A dud e e BRolgt & 4 o, o S
Z o] Yud(static word embedding)’ o]g} ¥th(Jurafsky & Martin,
2021).

U 939 olF9 WH

aa% e a?;%oww bl MOL Mol o] ol At}

o} mwlo] 37
Z1°] BERTo|t}. kA ’%-ﬁi N-gram % \X/ordZVeCJJr BERT7} TE5

=)

T AR MFe, A dojo FH o] H FAEES I 1HFOE
o]l Foj A tt(Jurafsky & Martin, 2021). wetA 2 ol st F
H thoj s} A3E 9A #

t}. o] & 7l&3sA & & Aol BERT«] - 7P7<1 gy WA Ql (D) vpaa A
o] m@(Masked Language Model: MLM)#} (2) th2 &4o] A-A w4
(Next Sentence Prediction: NSP)o|tH(Devlin et al., 2018). ©o]& A<l

41 - ] 2-1



A et A EHEHE off <& DI B

<E 3> BERTQ| & 7IX| && ZtA|(0]7| & 2019 RHTAY)

Cl2 289 MEY o4
L= Of [MASK]  ZtACth  AZlol=  3|A=0i7t AUPCH
- «—
et sts

MLM: L= OfA| [MASK] ZtQICH — =o|Z2=i0f
NSP: L= O{X| =0|3&loll Zt}Ch H7|ol= XM =0tz JACt — &
L= ofM =o|Z&of ZtACt J= otd MAHoM SAMICH —» A

BERTE= =4 Wl ©@of 3+ #AE 5417171 st #2492 Rz, &
2= F(MASKDE wHEal, FA91e B4 AL wen FARE IS
HtEs 2 S v (masking)ol @t it} BERT+= vi=7 < 3 ©s
o] Wkl Eo1Fd ©@olE ga]aL, o]ojxl EAo] AAE v £FelA
A5 FAA R FEdth BERTE o8& F 7FA A E st A
Agol Hebd 55 wole WA o2 s53n

ojF X TolE WH HHRZ WHEst= HAA [MASK]l HAE oS
gl AA ve 2RS BE8ske AAE FHsE 27 W o= Al
of#l TolE & Zlo] AAZA *FH £WS A HaL, ¥ dojrt m}
27 A wg] &A Xehr] wiwol] Eyo] £ Wl BE To] Atole] 9
nA - A BAE AlLsHA A dus ZRlel kel 713, 2019)
webA ol ek duly a2 22 doldt stHgts FHl ofd dols
o A=Ad wet & AWy @S 7HE & JA do olHd EA4e z
= 9l

D 9F2lS kA Aw 3 N-gram, Word2Vecd] A dwlgda 1
‘A%z o] gu|d(dynamic word embedding)’ °l&t

37| %= dFth(Hofmann et al., 2020; Jurafsky & Martin, 2021).
21t BERT+= 712 NLP &394 #l o] &(abeling)o] ¥ HlolEHE &
&3t A &=(supervised) S5d= @] #@olEo] flo] o] FofA & HIAE
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(unsupervised) &<zol7]ol], #lo]lE°] A= HolHE 7] o A2
/\]-Dg-oﬂ/\-]‘— 7<-l_g.o] o]g:]%\;j 7]%91 6‘]—&:1:1]—/\191 5].74];@]& H”ﬁ?ﬂq% o
917} 9tkDevlin et al., 2018). 18] W o]El7} AA A o7 vf A7 7} T2}
ol & 4 HEVIE B3l T dolHE TGS YHddA AU A=
(self-supervised) st<zolgt E&]7]= gthBao et al., 2021).

o "JE3YS AL ZIANY Y EH AA

A7 89 7€ AT FA vAE 5 HHS o] &3 dof ¢
H| 7lso] vl kA o] o] Fol &S AT 53] -2 WH7]¢}
y} 3 31 (papago) 52 7] A 9 (machine translation) &arg]Zo] 7fgt= A
A AR M S st 3 ond - ZHE AAE WE F3tel A
shetA wrdste Aol Wi F =8 71=olA HIAT ZIAIH S o] 7,
AFEI7E A dojo] A~FAHsource sentence)S B o] 2] EFAl & AH(target
sentence) 0.2 WAt Al 2HlS ofm|gti(e] 7], 2019). 7] A G ol A=
A dojo BEAE AEsHA SFstal, B f1oj9] TE X BRE o] &3t

PG AL PAHE 71E0] W TS oUE BF YuPL ]
T, e

AR 35 7H*d3ﬂr A o 7]€ [ 4Q°1 ki, s A
53

43 A E éﬂéo}ﬂ flff}ofl 1%% ATAES o] o] Fol%
GAE AAH Exo] o] R @A o] HAAA IHF AEFAA B
T2 AFEo] /3 ExdMAZo|tH(Vaswani et al., 2017).

ojoj A otef [19 9= HelWd S &83 7AW Wetoa g
Hol MHEo & AL A 4GAE Yol T Aotk [1F 9]¢
4GA Qo= T GANA AT BFSo] AAFHAO Y, o]&& A
Al Kol 4aA] Ry st & & o] YAt
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154 2CHA| 3EHA ATHA

I
I
I
Seg2Seq ‘ » Attention * Transformer
il

flo
Al
)

[o
L
K%
fo
>
)
fru

e 283 AANGY 2] ATAE S
olslata, AUz Ang Ay AFP RYOR AAAE ¢
c:

7 = RNN(Recurrent Neural Networks)S A &3t RNN& =

o
B o

=2
X
o
=
1o
o,
o)
Ny
il
i
(ol
2
Lo
Ao
1%
=2
>
kl
)
O/
ol
N
o
rd
oZ
s
o
fru
=2

L
off
ﬁ"lt
£
e
jin
©
(rmt
rot
2
@)
o
o
=3
@,
s}
=
[\)
(e}
—
&
(o]
o
=
[
o
)—A
S
flo
=
Z
Z
b

=
f
Ho
1A
)
X
< o2 o W o X > )
& o e

Ll

T3

[712! 10] RNN E2& 2| of|A|(Berk, 2008)
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o]21%F RNN 71%+e] 7AW =3 o g Sutskever £](2014)7F A 2+3k A
A2 F AP (sequence to sequence: Seq2Seq)e] /MdS T<eshA &
st ofef [ 1119 &

good morning <eos>

B
B

(&)
7]
w

|
|
|
|
%
]

T
T R e A

<sos> guten morgen <eos> <s0s> good morning
[Z12! 11] BNN Z7|2t2| Seq2Seq 28 OfA|
(Trevett, 2021)

Seq2Seq= 919 (19 11l 9} 2ol Y “guten morgen” I
o] o] Al 2AE A3t o] “good morning” o]t wojo] Al
He ANE A= ZAAHH, AALE Jgst] AAAE deves 9r|

4% o] Folth. o] angl AL MY Ao A ThEE ol ¢
H B (context vector)& &-&3t= Aolth 199

s

(v my

i

S

Y

A

=
0

do
Nﬁ

i

AN

ol

2

N

Hﬂ

o2t I‘E
L rlot
D
© rr
8o
- k

2 o ot o 4o O oL o pot

6‘}04 =S }% A= (encoding) 2ol AT = AT ANA=
HH et WiE Fokd JERE O Ado] JHE HIst= 4
(decoding) #t¢io] =t EHlERC] HAPHE dEle 94
205 Aol B, Hgoe Zod A%Zd HRE
£ dZsta, olF2E HlE A 44" dojel 24 Aei(hidden
state)Vo} IFE 9] 249 FHE =33} HHE =

ool |



£ gajolnt w2
e iE WETL 3

12

%(compresswn)olﬂ‘r %El% A7}
A o] & S &3] fsted Cho €@
Y FEHE Yok B oo &4
ANA HzseE slH o= EA7}
of wet ol [17 12]0) =& L A|+s
Fe 9ol [29 9lollA 2dA ol g3t

=z} o

o

—|~=\.‘=
‘E‘—&F_uo:

hy h ha h4

L 11

hg—» — — —

el ol
Lo

<505> guten morgen <eons>

014)

o =3} tHSutskever et al,
e Ze)~E Wy Zd o =3}
Aol Ve

st
Y31 tHCho et al.,
Za~E HE 9 QFpe &
} A o] uf whof Add
Al .
A5g tha MAAsEA . o

Prhate g

]jO
gl

o
rit
o}‘_,

A

n:
ﬂll

Fli‘ f

m&ﬁ

A

good

LY

7H =

morning <eos=>

& %f-
s T,-- a7

L]

<s0s> good

[T2! 12] Cho 2[(2014)2] Seq?Seq 28 0f|A[(Trevett, 2021)

21 RNNL 7|Hlo g8 &= &
B Z7 2gHe] A, T%Jo}u}%
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decoder_hidden = [10, 5, 10]

encoder_hidden score

9, 1, 1] 15 (= 10x0 + 5x1 + 10x1, the dot product)
[5, 0, 1] 60
[1, 1, O] 15
[0, 5, 1] 35
(32 14] Q1= D} C|FZ 24 Aefo| LI ofAl(Karim, 2019)

Ao aFA A2xFH F HA &Y AdEiee] UF ghol 602 714
v g, ol iy GA AAHE doj= £22FEF] F WA ol 71
Aol =g AT £ A olFA FI FEL AZTETRA
(softmax) &+= AHx ol A3 o](attention score)ES A+=3st+= o AL
A28 1312 Q). iEE”ﬂé?{r, AE9 3lo] 9] E]_‘,:_ =3
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ot oA A& FEE HEA
wE H?‘»‘}“ﬂ °] Moﬂw Fe e AE(2Y 131 G)7 Atk o

2) oA xFolg FE37] AT AR ©E WF A HAS A8 FAE
(Bahdanau et al.,, 2015; Graves et al, 2014; Luong et al, 2015; Vaswani et al.,
2017)0] th&FetAl AtstRtt [I1H 1419 <& DollA A& AL 529 o3&
57 98k 78 7122 <l Luong W& (Luong et al., 20150 &3l ojelld A=

E FE3le #AHS 493 Aolth Bahdanau 9201571 AAZ L3 W&
daer fgzde 29 AHel 5 Jted vheXE Fstd g
(additive/concatenate), &R E 3lo]3 & (hyperbolic) &2 &3 o3 thA &
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<E 4> OHIM ATFO{Z ZEHIAE HIEE o= 11X (Karim, 2019 Xf7A)

encoder score softmax attention score alignment
() (@ -2 (©) (@)
[0, 1, 11 15 /Y 0 [0, 0, 01
5, 0, 1 60 /Y 1 [5, 0, 1]
[1, 1, 0] 15 /Y] 0 [0, 0, 0]
[0, 5, 11 35 e®/Y 0 [0, 0, 01

context = [0+5+0+0, 0+0+0+0, 0+1+0+0] = [5, 0, 1]
*Z — 15 4 60 4 15 4 35
*alignment = (attention score) X (encoder)
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2. EllAX ¢} BERT

7}. BERTY] 7id
1) BERTY| 7|&#

b Aol A At uke} o] IA 48A 2 HAH S AXH LHF | &

ZIAMSEG & 72 AFEo]  “Attention is All You Need(Vaswani et al.,

2017)” e AE9 =& T 4xS Edayy ny S |HoE A

&+ A71E grolstitt. Al Fo] omdtx, o] 7AW X3F -2 Bahdanau

o oEl A WMAUSS 83 o, 2= o’ vtoE A

Cole A AWE [I9 919 HEW Jles 83 AN T
B

o = °
HA A 4dA | sfFst= Rtk okl [ 15]= ©
-

Qutput
Probabilites

Feed
Forward
Add & Norm =,

((Add & Norm |
Add & Norm TN Fleed
Feed Attention

Farward T, N
e Add & Norm_Je=,
Add & Norm Viasked
Muilti-Head Multi-Head

Attantion Attention

[} 3
. _J/
Fositicnat @—@ Positional
Encoding '9_® Encoding
Input Cutput
Embedding Embedding
Inputs Cutputs

(shifted nght)
[OZ! 15] ERHATD] Y
(Vaswani et al., 2017)
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TFE 01 H tHOpenAl, 2022). o] ATFNA = A2 A AlF2E A
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BERTE FAslE 24 E o) <& DoAE &A% & U% dFAR
Adud 3z HE = ofelAd(multi-head attention), A3z ojel A, =} A
7 golo] AHyfskadd & norm), 1L FJE= EQ=

forward network)e]t},

<FE 5> BERTS 714 24

-Input Embedding

-Multi-head Attention

-Self Attention (Querry, Key, Value vectors)
-Add & Norm

-Feed-Forward Network

o]# gk BERTY 7z} #4 2249 ou|E BERT 8t Ao thsk A3}

A AHEE o5 2o

BERT®] 8t flsted &8st F 7HA HAlE v o] o] Fox 9

Aol A A k= G E Bsl= MM 72k £ AolA tha &%

o] AdAE WEHst= NSPolth. whebA] 7]&9] HoJEZRE o] F

HAE g5 7 Jde Y APARE S0 FojofF 3rh. BERTO
9
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< BEAE Ure BHE riste &ojot 2EAE HolE vre AY
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Urd 24 EZE7F 9o @5ols 24 or] 52 Eole nFojolEm
Ho = f‘éEH’\ EZSE ALIFHFAE, MFE. 202D, o] AT EES
s} FLF orlE zhet mEpA oA = EEAAE Hojgt BEEE &S
g 25 dojet Ao, dEH FIIL §olE ARGdoF she WY =
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<X 6> BERTQ| &t& CHE ot=£= #&/(Deviin et al., 2018)

1. A EZ29| 15%E 0iAaZ

2. 80-10-10 &l OjAZI0| E= EZ = 80%= HIZl 10%= CIE E3oZ,
LOX 10%= 7|&Ee] EES /A

3. F el EEE o2 ®E X|0{FE| 50%= AH Cls 2&0| O|oX=E,
LPEHXI 50%= AMZ O|o{X|X| A=F stof &, HA 20|

o]gA WE st ©vlolElE BERTO 48slr] fleiMe 7 dols W
2 B3 E 27)9 gro] "oty w3k BERTE RNNI 2o] 38 7=
2wl g5sle Aol ok B4 <ol Y BE dolE FA¢ g

7] wjZoll(Ravichandiran, 2021), @] &9 A& E3 <¢HF7] A
F RS TRt 715% T B ;LTO% ART WA B Qo)

olof BERT f#HAm+= ofdf [OF 1713 o] EF Yuld(token
embeddings)d¥} $] 3| ]%‘(posfuon embeddings) ¥ & & dud
(segment embeddings)< FAHE & AF3bstA =, ol &
(input embeddings)’ ©l&} 3tHDevlin et al., 2018). 7}8 T A=

o] 4 “my dog is cute” ¥} “he likes play ##ing” F A AL A H
2 A BE 718k, 11719 EEo 2 HdH e ARE &AM

= Atz wkgskar 9l

u& r]

4 BERTE 314 @919l 9gAse] dolg ngstsd, o: 2 &
gdEdes 2o a7l WEHE o gstel sty gl T
@ At ol Qe doluch &< A9, [PADRE E2¢
MA FES A9 B3, 8 A dehts AeE gaa o] o Fel
gath o A WL ol F Al 3% AT WA Ak
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[Z12! 17] BERT 22| 2=Rt=Z 2| SEf(Deviin et al., 2019)

2) BERTS] 94 H:): €E 3= odA

BERT R&@ 9o ¥z E 3ol 7Hs3thA 3he 24% BERT
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= Yotk qu }Pr” i 9 E‘r% %019}7% 01 A 250 S
T3 &, ol 2300 A D& THFAE 4 Tolo &4 FHo 5k
tate AAE AXA "Hoh ole oA [OF 1313 A A4y &
Bahdanau ¢](2015)2] %= &(o]s} Bahdanau = &)oA ojeld ~30j& F
=3 7S A E YA H o st et o2 FEAE WE S 5}
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P 2A oA Aol 4 e BE dolE7]8 o] FoA 7]
Foll, oJeld ~3015 Axtslr] 9% tidEo] Zasit)h. o] Vaswani
Q017NE &4 GRE Shgol ol FAAEE By S AASHA ofdAd
25015 A4y A= Querry: Q), 71Key: K), #¥F(Value: VS =

O

| Slgt

J3ATEY Qe FoE 7]Lo]=(paying attention) thitelil K& Fo=
w=(being paid) thA© &, Bahdanau =& 0 2 j43td Q= Al EA 9
AR, K 22839 AR FA3 988 3o}

Ve ofdld 2519]

g Xol (J8 g 2 X 649 Z7E AYE S5 753 A 3
g wewE w'es Fake (dEASY o] x 642 Z7E AYE Q,
K, V #HlE & «d=thRavichandiran, 2021; Vaswani et al., 2017).6) w}z}A]
Q K, VHEHE FlAE 7tsA9 27]%ke] 22 &7 Wil A= &
#E 7HA7 = s ARE AR FARE A dEgtel A gt

5 oJdlAd ~3o] A4S 93 thAE<S Bahdanau £(2015)E ¢1#H - tHE e &Y
e 2, Vaswani €](2017)= Q, K, V&2 A3t

6) Q, K, V&} 7}=x 8189 =7] 64= Vaswani €(Q017)7F A3 Ao =
= AAo] 7Mesith. dEARY dole sy E3E 7%
3,
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[O2! 18] Q, K, V HIEHE =&6H= 21H
(Alammar, 2018)

QK V 3dEe g3l A= 01 g4 ~
2] 219} 2t} Vaswani £](2017)= Az ol el

zolE 317 95kl Q
o} K WMEE W2sta I 2712 Urs, & éﬂl?—-l% Was 4839 e
H, ¢, = A48 Qe K ME 9 2719 642, U2 34 ]

2 %

AA = AHE FA5H7] el tHPBritz et al., 2017). ©
#oz H3str] fsled AZEWU A 45 d83ti(Vaswani et al,
2017).

QKT
Vai
[5:41 2] Mz ofelM AZof

(Vaswani et al., 2017)

softmax

ojgA =5 A= Rl 23ol= 4 W ©ol 3 ¥4 ARE "
Jem, Vg 58 7t e dde drh AZ ARl 239E 4
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Tojo] 7] dWld FHLA V dEo F3 235 ‘ojdld 3 H(attention
matrix)’ o]} dthRavichandiran, 2021). ¢] AL DP o= FHsH of
g [238 1919} 2ok 2389 Z7F ofelAd ol sfgioh

Q T

softmax( HE ) @ ) H}}

d;.

[O2 19] M= o{fld AF0E F5h= 2Hd

(Alammer, 2018)

PLg Fohe NS e
Aot} o] AL Ut oA HolFdol HAUY” e B ofdlA

=
it ) T
ST, | T el TN 02V +01V ey F 04V gy H03V g0
Zk et

(441 3] Mz ofElM | oA

(Ravichandiran, 2021 A{+*A)
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AT,

Multi-Head Attention

Linear

Concat

i

Scaled Dot-Product h
Attention

tl [ |

L L L
[ Linear]][ Linear].][ Linear]J

[T

V K Q

[OZ! 20] ZHE| 5= O{EIM
(Vaswani et al., 2017)

Az AL ole] W AT AL ARE APAA S ARE e
A3t o) (54 4o AP, ol F Q K V ME S

rlo g H
How xdstH o [1¥ 2118 2ok

=

ol

MultiHead (Q , K, V) = Concat (head, ..., head, )W ©
where head, = Attention (QW,%, KW, VW.")

mUgS

rr

[=4] 4] HE| sll= ofEHiM ZnE A

(Vaswani et al., 2017)
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[ 21] HEF= offiMel ZutE stte| 2tz 2Hes 1td

(Alammer, 2018)

9ol 1L Vaswani £](2017)2] =&l AAH =3 o] oy 79

Az o'l S AbEshe B9 dAolth Az o'l AY NE AFA

20 2715 ‘dE¥Aze Zo]x512’ o], oS IAUE Iud AR=

A ¥4 we

| ) o] = A

HES| Z] st
1=

12N 1 3

X

of
N
=
o

#ol BYA H1, s A%
Aulo|E7} o] FolH TAEL T Azt YeAen FEHAY o
o Qlmusl = S BERT =3l Astghel @}

oY% Am ojEe BA U ol B AU Aglats Aol opd Bl
7 BAE S5EE, BE 84S0 So] P = ojuie] FH o
Soliths Hold, ofe] 1A 4Bl shgo] FAd o FoHE A
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olmst= W§E dh(parallel learning)o] 7153 =¥ ]E‘r w2k 4 BERTE
&3t Ao R ggatal AAdE AHESIAE RNNES A 839 S o
BT} As AdA 87122 /o] o] Fo] XA Ii‘rRavlchandnran, 2021).
dHo] AAHES AA TFol g5d BRF S AAsH 72+ T4 dvd A
HE &3l o €8 & ok ~o] &] 7] ¥ o] ~~(Hugging Face)9} 23&
A2 T EHE A H(github) SollAe = EeAE 53 4
IE5 F/EtS AFAEC] FHE —’F UEE oL JYTED o] 3 BH S
A 8k =¥ (pre-training modeDelgt o). 7AW Y Eofe] AFAE
S AMA gy RS o] &3le] FAF <l Al (downstream task)ES & A3}
= d 83t Ut o5 dHtF o2 A g5 B H2 79 o
oS F7kste 5AHT £ok HolEE PAl A (fine-tuning)sh= W4 &
2 83t o] AFolA= olEg WA o] ofd AFAE A4 iR
st AME2E A5E ASHFE S5st= WABERT from scratch) s &8
at7] wiiEell, Rl AFEH ol A S By 28T F glth
UZ}FJW By E‘f%‘% Z

=
44 AAG F AL HolEF 283t A7)
RT St w3 dAsH: Be Lopieh

7) 379 o] ~(Hugging Face, Inc)x= 7|4l 3t&(machine learning)< €83t of &2
AeldE F53k7] AR vl=9 & a%ﬂi B Aboltt. A H o] 2ol A T3l
ghol B gfibrery) £ 7H& #983 Aoz o]l (Python) dojz2 #oi3l vo]l&
X (pytorch) 71¥+e] Edl A~ w7} Qo).
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Y. BERT st =4

S Aol A] AF3AR o] ATFdAE Aol gFo] g5E BFo] ofd
AFA7E EABtA st AMER AE=E S5AIZ] BERT 23S &89
2 23S A HAHo] Wesith BERT 28-S AA 5] 9a-s=
D 239 z7]9F (@) ol=Z=Alepoch) 7, (3) MLM E|=E9] mt27] H|&
(masking rate), (4) g5 ©91e] ZAolinput length), (6) HIX|] Ale]Z(batch
size), (6) g5 E(learning rate), (7) ¥ Y(warm up steps) A3 AF 5 =
2 4(hyper parameten)E ZAZgsloF gttt o] &S FAHOE ’%ﬂlﬂ-—@ =)
=34 2.

AR, BERT &9 Zr]= ofdld sl=9 F9f 3] & e]oj(hidden
layer)2] 2 ZAAHATE Turc 920199 73 A+H-2 Vaswani 2J(2017)
o] Elxxn BY FRoA dugd AHAZ A st AE A F

£ she] il SlEERE de WY HAE e 2790 642 e #
o'l 3= FH/6D 31 #eloje ol whet 2¥S B/
, 247FA1 9] d® A<l BERT 23S ofd <&F >3 o] AASIATE o
9 3 ZW HE 8t 23 de 9ud 9E Q] 2pgdo]al, o] o

A

-

Oi
-

S

il
2
E
1%
)
it
1;
f
r

71

szl ol el A%

Ll
» 4‘1

e
ol
O_n_,
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<E 7> F=F 9FEI0| MAISE 247X|2] cHE=EZX Q| BERT(Turc et al., 2019)

H=128 H=256 H=512 H=768
SER
el = 2 4 8 12
_ 2/128
L=2 BERT-Tiny) 2/256 2/512 2/768
- 41256 4/512
L=4 4128 (BERT-Mini) (BERT-Small) 4/768
L=6 6/128 6/256 6/512 6/768
] 8/512
L=8 8/128 8/256 (BERT Mediur) 8/768
L=10 10/128 10/256 10/512 10/768
L=12 121128 12/256 12/512 12/768

(BERT-Base)
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T2 ATHE g0l F52 dro] A AL Aol A L, AT}
FRHE ALt @70 wet FAG 279 YL MEsor F& Fxat
At AAZ 24709 oElA =2 AE3E thF R =8 (BERT-Large)

9719 s (wikipedia) 2 T &2~(google books)e] WE X HA|E S5 Al 7
H A 4~1671¢] Cloud TPUSI A 4¥9& 4 23 tHDevlin et al., 2018). ©] 4]
d t# 29 BERT By F=2 wj-$- & TeA o Z7]7te] £285& 3
of &gHt. UJrFJW 1EE‘r Eﬂ 3?# 371«1 Eﬂ ]H% EV\/\]%J. ol = T

=4, angl 5'-7] %EE 2 éOHOF

S
rlr
2
oy
2L
it
e
2
X
fd
ottt
tlo
ot
k)
e
oy

+E 9 ugtH(Popel & Bojar,

2018). dx=a & S7MNETE F2 B30 & FEo| A, YF &
2 Htraining loss)E 744l 7] A

% 2xK(validation loss)7} F7Fst7] Al&gtkal 4 & Atk (Popel &
Bojar, 2018). wetA oh2 21-& SAT F&olA, &2 A7) oA FE Al
Zbste] o278 FE FUIANA TFAIVIH AT oxd £5 AdT

227k At

AR, T2 vk l%olﬁ} ARt oz Efl~xz ol BERTO| A&7}
H =&(Vaswani et al.,, 2017)& AZoZ, MLM Eﬂi,E_«] 7 H&e
A¢) 15%% AAH 3 m} T H2 vha WS 40%E AR =
FollA deel o Fshthe A7 A3 (Wetting et al., 2022)7F E x5 7]
o, F 7HA 21<& EF AAs g1e et v F 20 EF FF
Aoz vay fao]l HE B F 80%E W 3, 10%E G Efow
a8a 10%s 71€28 BEEs FA8ks, ol&1F 80-10-10° r3e wWE

A B3 AT
A, ooz Aol & AFe st wele] Zololth irA Aol
= oy w9l wgd Eﬂg] 2 ouaY. & AolN AFIYE,
BERTOI A 8t el dubd oz shie] 9y AA~E ojuels Aol
ohd, MLM7} NSP €| ~E 2 4337 lalH &0 5 7] 94 A2
22 AR gely o5 99le A= A7) S [CLSlet 7 o
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A ARz BA9e A7) 1% SEPP Basith 44H s vl
o) Zolnrh Al st wele] Polsk Fobd® UelA Al [PAD] E
o2 AYA ofd) <& L B Bl AolE 2002 HRAAL
o WEolAE s welel A AT Aotk

<E 8 Z0| 202l st5 Thele oAl

Ol 1

[CLS] Li= Ol 7t5E2
ZOoM 22 7|Ciz{oF

OIAl 2

[CLS] ofo|= 2Z3tof| ZIES
52 = oL = otolof|A =

N =0|S2oll ZATh [SEP] 3| M =0} ¢fe| E£0] LF

s
Ct [SEP] [PAD] [PAD] [PAD]

=¢l & 2ol ez S0t [SEP] of &
& Lo| YUE=XIE ULt [SEP]

9o <& 8ol g T AA E& BASY] ffste] Rl=A e
3 [CLSIS} [SEPIZ Al9lstd, A 187)2] thojr} st whelol =3gd <
ATk Al 1ol A} o] F o AF2E AR AFte] o7t 200 v
22 23, ym A gole] ztgl= [PADIZ A zich w2 F A A
H2E AA 2 A3e) dojy & A A|d 29 o7} 20& dA =HH,
71 o] F-of dol= ARAl(truncated) BT whEbA A Al oA A H =
Tojo) =5 HAagstal, Holx 3 s A AlF=E FAsE
o17} shg @l =3HY] AsiH = F A AldEx Fole & =
N Al 229 Zo]7} 18 o]skrt Eojof gt 3t g

ox
of
ol
(St

N o o
5 o o i
o

fo
B
fon
(=
o
o

stgol &85 = A& olth Popel? Bojar(2018)= oA o
2 o7t dAstA &gv HY ujx] Aol2E AT As AAStL
ATh vl X Aol =27} I hgzo] kg Holal, U ZolxH JHo] AR
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¢, BERT= HEld< 7|Hte = st Byoluz HejdodA &4 g
(loss function)® H43lsl= AR 1822S g AL30H Jo =

|

2
AU
v}
ol
o
Al

b
of
ol
X
()
>
%
o
Jo
fu
)
oo
)
A\
)
A
S

o
2
=2
>
i
=
rx
o
o

olth(Zate], 2021). £4 SrE HAEE7] Yot Y-S FE nES
7122 3t AR H(gradient descent)S o] &3t HEld 5o
o A sH(backpropagation) Al4HE T& HEOJE HAHoA IYUAE
(gradient) o] W& RES A s)FooF rh(Rumelhart et al., 1995). ©]
23 HUlolE A B&H e Hx9 HEo] utE StgEo|tHo] 7], 2022).
BERT+= St #Ao|A e BE ks 7t 7hsx|viey 2dsta, 34
< WA S8 dUlolEY wivith o]d e IYHIESS €8 H&
ZAAaANZ ABRE E83t 53t H4A FE vho] A (optimizer)?l AdamW
£ &83t3 JHDevlin et al., 2018; Loshchilov & Hutter, 2017).8) 12}
tlolel e} S Ao et HEg stEEY 27|k 2k 7], AFA
7F AAE S Ags] Folof gt FE AdTFE e HAEDevlin et al.,
2018)& BERT =& oA s552] gho 2 3e-4, le-4, 5e-5, 3e-58 2 &3}
AL, IHrA] Held =3 BAstE A&dAe B2 AFAE]

2ys
AdamW FEjute]A o] g5E2 le-3& A3t QUTh

~

K
o
o
4
ot
=2
A\
o
X
i)
A
=)
o
i)Y
it
to -
O
>
2
oglt
VI
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28 o 22 wj7tA] SgFES AFHE FTMAIIVIE A
Zakar dth(Aggarwal, 2021; Ravichandiran, 2021).
o] Blo| = BERT®l &&=+ 7L =Fob-2(drop out)® A F(GELU) &
3} 3Uh AT WA EFobRS ¥ AAFES WA st A w9
F5 FEHOE 022 x5t Al4tolA AYstes Wiolth. EFof
5 O¥S Bl AvEY ofy [19 2219 2o =EFol2 A
o BE d¥H} =9 Atolo] H&et dRkF o= (.19 SFEE AYAT
(o]71%, 2022; Ravichandiran, 2021).

(a) Standard Neural Net (b) After applying dropout.

(O3 22] 72 UERITE) H =502 &E WA

(Srivastava et al., 2014)

¢tH AF 3= BERTAA E85& 43 =2, 7H9AIG 23k A
& 4 (Gaussian Error Linear Unit) ¢]w]dth(Ravichandiran, 2021). 7]
Eo 2ol AFReLU) 43} e Aol 5571 He 3 71€7]
7} 00] H7] wjZol 2o dego] Sd wf g A AA 727}
AU olE H=A &= ) AF(dying ReLU) &AAto] 314 FthLeung,
2021). AT sHpo] 7F9AIQE 23k A8 FRle of [29 231004 ERlgh
T A% 0 ZAHAA AR} D] w12 A7) w

ZPAA T UE 32 oA 71&7E ZHA "ot webA g 3
< BAY F Yol AF T o S B3 FrE AA

(Hendrycks & Gimpel, 2016).
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39 — GELU
——— RelU
—— ELU
2_
1_
) —//
-1
—I4 —3 -2 -1 0 1 2

[ 23] Ml 7IX| &M35t g9 TJ2i=
(Hendrycks & Gimpel, 2016)
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Al 44, SH2EHTY B4

glol TH& e dely 7Rk &4 oltiDalmaijer et al., 2022). 5 & 2
g Al AR E Altskr] flste] AZ e 78l AR dE
AR AY TR SAe AAs] st ek 52
W G el wEk gdt /3o B4e 3T + A
(Ghosal et al., 2020; Lloyd, 1982; Rai & Singh, 2010). 3@ x}¢] njg] <&
AA g FAME A e AR2RY FAs= O Aeive
7ol lol(Berkhin, 2006), Sl =E® 2 w5 HOJE mlo]ld FokollA
7P dd 8= B F shdelth
Ty HE ATl W2, 1S dolE mloldoA o
H

F2re T8

o

rE Ht

fo 7
s
oo ¥

o

fo rr L rfr 2 ofy

Al BHET, oled oL BA B e

kl
AC)
al |\
o
2
)
ol
ok

ox r2 o ot
)
1o
i
e
o
ofy
fo
=
™
% ¥
s
D
—
oQ
=
D
=
@
=N
o
(e}
—
e
i)
I
i
AN
N
™

= Ad F g gle 94 Ad2 HolHE FH2HE
tlolE o] EAo A SFe2HE dagEs Adsie

ol4#7} HtkDong & Pei, 2007). 1H B2 AFAE= Ao QA
B o &85 WA HolHe §A4& AESt HAHZ S8 2EHE
He

o &
ol
ol
N
o
=
My ofN 2 rR
v

[>

ol

(D 472 7]xt ®H(connectivity-based clustering),

Al 719 b (centroid-based  clustering), (3) ®3XE  7)WF HFY
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(distribution-based clustering), Z2]a. (4) 2% 7]+ ¥ (density-based

=
g EFVIser &

clustering)o] tH(Mollaian, 2021). &18l&2] T/ ]
H2HE HHS TR dAe obd <&FE Dot &

<E O ie|Ee 2F0 e SHAEE 2ol ERF(Mollaian, 2021)
ASH 2y S22 Y
oA J|Eh U | S J|EEEY | 2x 7|8 2y 2 ol 2y
hierarchical k-means Gaussian mixture DBSCAN
clustering k-medoids mode (GMM) HDBSCAN
Y 2EHY YHE A4 RS 255k AR A Ja 3 23 BAE
& &3l= A%2 Wi (hierarchical method)® 2-&3#E z+ Fdo] FHE
A FEE FESIY guglE Adks Fdste 2837 W (partitioning
method .2 Uz & Atk AFH HHS T2 94 78 Poly, 944
718 WH o] th 22 Al 2= AFA 22 2 H(hierarchical clustering)
My 3 7|9 3, 8o 9%

o] itk F4l Zl HHe B e H8d A Adxs
A [} (e} o

2
clustering)e] ¢lthJames et al., 2013). 3 7|4l ¥y o] QA=
¢t &3+ =md(Gaussian mixture model)e] )

$EE 023 9;41 g o;—;: E

oS
1
EEOR.)

)—A
[{e)
[{e)
©
=)
b
N,
*
n:E
fo
=
L
3
-0
é
HU
i
)
vs)
wn
O
b
Z.
o
X0
[o
.R
o
f(rt
rlo
)

A Z e B4 Aol TR S8 3T "art glo] wesAw
Holelel 571 B A4S Aol o8 Aeln, @ W $Fo o] FolYow

AN BER7F B dolHe Axt 3AHAA gA A gethe B
2ltHSonagara & Badheka, 2014). L&y} 282 HPHoA 71 thE A<l
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Wl K-H+ S92 % flolEV} = A= mE A
oA wlg] #HE F gstoof 3}, —I‘T:‘rﬂgl 3 of Fof
H7F AA vHEYE A l’ﬁ% z+=t}(Sonagara & Badheka, 2014).
ShH, K-"H FH2E Y A FAS K-medoids F3 28 H-2 A4k
Ao A FA G = Ao FSpt(median) o 2 A AstE o= S0
7Y dFes B + K-H+ S¢2EHH Y dd& BHgdthPark &
Jun, 2009).

a8y 3o 4 KE d7A7F AA s Fofof du}% %
H2HE daglEo] 7kl dAHoA HAAE
Walther, 2005). whehA A Ko 5 AAsta o]&
o] ¥IEA Hasitt o7l 7H Bol A&EHE= Wyol &
&3t Elbow(dE-¢) oty AR o= 39
7194 =59 4 o1y 21 W 24y & 1
Z O] 712717} 5 48HA ol AU ks A 7] Al&skeE AR S, 7F 9
£ Sdv 88 oo E It AUt AA gte ddelA
2 A A gFHBholowalia & Kumar, 2014; Tibshirani & Walther, 2005). o}2j

l‘l

TE R
e} 2

B3

me N

B

1’41

(29 241 olel@ AR PHS A gsHE AAE Bk glolth 3
o 7h Z7hgel weh 2 2 W BAke ol gashs A HAT 5
glom), £ 57k 791 AR RE BT a7t @A FoB7] A%
Snz A7AE K& 72 ARse 2AZ 4S5 ok

Optimal number of clusters

200000
I
/ o
o

of squares

150000

Total within-cluster sum
100000

Number of clusters
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a8 o] K9] & X AASA 2 A5 FAE 4945 29T &
AoBE TE J|Foly F& o AYd 3

Tibshirani®} Walther(2005)= o] &A1& s|23l7] 9, £7F EANA
ol =& @ xHprediction erronE #HAstst= =3 A E(model selection)¥ 2
< B8e AASAY. ol ;A otolyoE 89stH, 22 Tl &
H2HY He AAEe] drpy 2o FHoZ A FHAHY HEAE
sholsto 2 1 ¢k Al(stability) & =4t Zolth
Tibshirani2} Walther(2005)= o] 2 o] ¥

ARg A3, TH AR A AsdA 47 FE2EHHY

O

ojty, o] Ax}E Tibshiranie}

Walther(2005)= o1& F=ol 93 Ze]28 7 7 ZF(cluster validation by

= 7} =(prediction strength)®] ko=

KMol #3 T 71 92 dF A=E U go 2 AAHs A olg2
(S =

AS 3eits 228 A% AEE Fad §rel 0.8 o] we) Kvh A4
2 2t sision, e o5 AE7E 0.8 o)dE YERd K7t o2 A
d Brele ols T /M 2 #el K2 239 5 AAs=S skt
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Al 3%, A7 TH

A 14, 24 4

o] dIG-&= PISA 20129] CBAPSOA] &1 Hlo|EHE Z/3 1179 &3 =
StUE B4 tde =z AAstA . PISA= OECDOA F@3st= =4 &4
AH = B7tE, OECD 3d=3 FH=o] Fosty 3d F7]2 APdnt
(OECD, 2014a). PISA&= 2003 ol g+ xt&] A2l thet B7tE Al
shaL lohrt 201230 F A= Al skl =Tl, 2003 d o= A 2E 7} 4
o= AgE oY 20120 = HFEH ZIRE HItE AYHATHER G <,
2014).

PISA 20129] CBAPSelA = &EAelA B a3 AA HAHs SA35H7] 9
sto] Wk AAg BRR st &3S iAo, 4444 F¥e TA
o= Bt &&= AASte] Al XA S o] §FozHA AAE AT

<
T

B2

ol &

AEF SFAFTHOECD, 2014a). PISA 20129 CBAPS+= tif=E A Aol A
AFE 7IRte 2 HUIgE A A=, @27 AAE TP 5=

Sxiste] BAo) HET 5 Ak Mol 2 ofwl7)

<
T

At o] FFEL APASC] A FFH S sHA ZAE Sl

Aste 4oz EE PR EAdYg e SAHY ¢ As BFD

AERE ST 5 A7) WZol, 20123 ZAFE 7|9 Brie] dgho = g

Al Al ek, glr]eh 2ol Wi AAe 8RR st= uE HFH W

PR o gYgd A Ad2E FHE 5 Avke Aol ok

@, PISA= PISA 2003 ZAlsidY B7HE< /et 5, 5543 A4
s Al AT, HFH

gk EAE #d AT, EAMEY B
7Rk Al AE B7F AT 5 ©e A 883} A THOECD, 2013,
Fuld 2], 2014 A1), PISA 2012 & of 3k F7h=

g, w2 AR S0, EAEZA A o IVHA AR o] R A

‘=AY
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s 7 2

A AR o}

L gA oY Y LARE TET F oy, o]F HUIER
<E 1003 2t}

<& 10> PISA 2012 EH[siZH E7IE(E01Y, 2014)
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e
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=H|

43

S92
7

A

=

Mol 20| HE=ZX| FX[9| 7|t 2HHE
42 My, g5 AE g, oAl 2F St 20| H=

%gxlg_} NP _T‘_|.EI_:15|X| ol oOHZ}
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—
=

—

Olok

HO

Iy =
0Z o>

£
ol
e =
Y
A
d

for
1
0
g'ﬂ
K
=l
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E
o
nx
o
als
30
rir
Rl

0
i)
°

EFMT

t olsf

Ko
0z
]
- 0f0
mu for © oF [HO K

=X szl ofstof 4% 29 w= 2F 29 S| &
2| Holsh AN ENS UIS7| gsiME EET A

HET ¥As | 2 2NS UEHD B8 ¥A2 HZss 4 U
‘gAsb o= 2HOIM XHE 240 225 7
Lxiol BAE PAISHSI J1HS HASSID MBS
ZN3D HIENoR Yolsts %8 o,
AZSE 2 25 Nejo| S| ols AEe
A MY | oBlT NS FEMS U2 SE. AE Ay 2
SRS AZS FHIE AUS Y
‘DUER 2 23 ZE FBetL, olasix =Y
o Mg wrsiD, e £E2 nHse 202 oo
DU B | B B ol CIgE BN S AmED, It
g vjEsloz Zesinl, Frisol HRE M7, e
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o] ZF oA Ticket Task 3 +&(CP038Q03)= PISA 2012 CBAPSe] A 7}X]
H7FE(assessment framework) 2 A HEH  EA4 W Yo HE 7]
ol A3 A F3e sidata, ‘wA 4 £4° ZP"J NAE FE
2Hg el aigsty, ‘EAsA AR AdoAMeE CEUEHA b
A0 Ego| s3I cHEr Y 9, 2014). E3] o] AFolA 7 F 235
AZrsle CEASNA #4° AL U 7HA skl sl g olE)”

d

7)
‘RN YA, AgTdEd 49, 28 ‘EUEHPH 90 o
2 o]Foxit} o] FoA ‘EUEPH A’ & HAF AHRE AFsha,
o dstA Z2Pd M-S LHsty, 28 FES wgst= ‘EUHY'
kst BAHA B AHRY, /1S nRHo R HES Y, 27129l
ARE 3y, WEslste #AAHS Xste ‘WA o2 FAHAHEH S
9], 2014). oA AT PISAA Aok wAlsfdd2 “afjd WHS
S7tH o7 2hS & gle AFdA, EAE ddste v 875 AAH
A AEE 1Y 87 & YrIH

Ticket Task 3 &&2 c2-d Luj7|dA Satd-S LA FFolA 4
BA Z3E AZAAEY A E GAE TR E SAAS
DA 7 gle A8o] dAsta, o7|dq A thgo] EAIsAS 4l
Hoh ol AN S S o= S F Qle AFdA ol E i As]
A% o] Bag AAg & 5 Ut o] £33 CBAPSAIA H 7t A
£ AA3t7] fste rtAg AN dAe AHATE T 4 T2 ke
THOR, oA E3tA dojd F&E sidsoF sk AV FAXT

A
o

CBAPS #A5%% 43 B%5e 540N 4 F2e agshs n@AEo|
<

9) PISAx= CBAPS 7} A= &43t7] 9JsiA 6474]«1 AHFES A
Fo aAel 1 £E3H A £29 6 A 4 £330 qde=
EAS AHolstm YUHOECD, 2014a, $wg <), 2014 Ag). 4 <
OECD #H# o2 & u I3 31.0%7 &3] Age ©d 5 ¢l
2014).
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o Y= =TE 2N LS FEMo2 HIY + UCh 2| e
8 245 7lo| B motd & it

ole ME 2Fs CIAE JAE CHE & AN, HY sBHoR CIRAlE
23}

A =

S W o]Zo A PFo| ARt ThFEA e
& £ Ticket Task 37} ZAI2 A4 AAAE &4

T A= 4

A sk o] Aol M AR AsEr Awskith

Ticket Task 3+ xtd 7] & o] &3t FAAS YHs= TFdolth
o] FFE A XF A&olA %79 AFS FAHSIA AAAHe wiA
v TES TAMAE R Tt Bridth J@PAE0] < o]
AE&H saEY das AR d T/ sAAE #4T F gl
= AR ZE AAEZ] w&el], o] 5L 279 AFS FAst Elo] F

;‘ o] 87< Hl

(Fng <, 2014).

Ticket Task 3 23& s1dshs $4<¢ Avnw tes) 2o HARE
ool tiat SHe AR A SPeld SRA Bl A A 5ol
28] §5% 5 it A4 B ddo] AW FHAL WAL £ AN
22 ol Atk 2y Y $4A9) BAByS 2Ysd “aHsl
FRol saol fsUnh 4

A
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tlo rlo

Select train network

CITY SUBWAY l

COUNTRY TRAINS

CANCEL

(T8 25] ZERfolA MAl=l= == &H

of

<E 12> Ticket Task 3(CP038Q03) &

0

o] MAI2(E01Y 2, 2014)

7|xtedoll SR Ats LoiZ[7F EX|=of T HA AF2lS
= 235 Eloh M 7EXIE MEisHof Bict.

0|28 HZOKX|SIY e meM)S MESIC)

o= =21 o [

Il

UL

=X 3 SH2
A2 o5 AlLfolA Alstao| 28] ErsE
st IS SMo|ozE ol 232 M8 .
SR RIS Lol7|S 0| B3t0d, L K58 2 SN HEo|
Uch w3l wES T2 2HE ol

nt
o
+
30
ul

. 23 R w= gol 932 Mesit
+ A SHU|L ES HSY SAAS MEfBICL AY SHAUS Tof G

oF 2RsoR 0|8 + UCt BS Y SAHUS LAYCHA C12 Lof=

8 4 ok
+ M bR MEiZ D% OpXE WA $S0| LiEkch WA HES F27| oldols
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obeff [19 2612 A|3tA(CITY SUBWAY) =2 1w 2] (COUNTRY TRAINS)
243 A@ANA AAEHE ot sPdA= It 2 S (FULL
FARE)ol\} &<l 8 F(CONCESSION) 9] shvt& At

o

239 FRE A
N

olvt ¥ 32

sl

NE

534 &

13}]
24

2=
Q)

'H FULL FARE ‘

CONCESSION ’

\ g

U

[ 26] X[olE =2 uelME

St U obe) [29 2719 o] I $xA(DAILY)
ZFA(NDIVIDUAL)-S &85t stdo] AAEh AA
A “AEHA 23] g5 & JE g A5 sa1Es dase”

G FPOBE, ANES olHT AFAZS HE AFE F2AC)3

29317 .

10) EEo|A = CITY SUBWAYE subway, COUNTRY TRAINSZ country, FULL FARE
fulle] & AFESH oY o] Aole B3-S &5 fste], 3o AAH
slHo Ao} TUS Tl s AE3le] AT

=
=
R
L
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St

W
u
N
‘:‘.
0
ol
1l
i
il
Ju
ol
o
>
>
ﬂ

ote [1% 28] 7B x4 W<l ‘INDIVIDUAL® & S¥3&td A=
= 3ot

[ eucs. |

‘

(12 28] INDIVIDUALS S2i3t 5 MA|Sl= 315

[e)

£ 29 Aeloltt AAIZANA “H|stE 23] ®HeT
saHde dskEl 2k sl e u®, AN TS ol
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& ddAse gt

= s S48 Io
(29 2919} Zo] 23] & oJv]s

L dE S0, o
A 2 B 298§ 2AGUYL 2
9stw shdel] 223 ¥ 2 trips7h AW S AT 5 Yok

The cost of your ticket is:
4 zeds

JAd FAHE FYS APt obef [2¥ 30]oll yrebd 23 22 W
AA, “aAgstil TR sl sy AL F 0E sade
3}A] &(There are no tickets of this type available. Please press CANCEL
and buy a different ticket)”

=

= A "o
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CANCEL and buy

adifferentticket, |__oNoo- |

(712! 30] BUYZ S2/5t 3 MAl=l= 5i0

olo FIOK<S &
th ool BHe FHYs] A [TF 2919 oz HEORE Aot

The cost of your ticket is:
4 zeds

noopo |
l‘ 1“9;@;,] zeds H CANCEL 7
\ g
T 2

(O3 31] s s ME 3tH

AG7hA o) A2 AAZANAM A A Sk kel w2} f-s(o]st AAE A

A )™ Aot o] A9 LS ANE AA FE e A wl AAH

o o A 2] &t



= Fa 84 vAA Y o7t WEshA] o= b vk @Ak 3t 7Rl
= FE o] A E3 BAl FolA dAsH, A7 AFE sl
Foizl 71Ee T wdAY] EASE eHe Wbk A ARE

Ha 2 MAAE 9 3 (D) FHACANCELDE 293 thg &2lo] A
S5 & 23] A 838 2, Q) HALE FYT F IRl H &
HA e dd o344 2532 32, Q) HAE FHI T o] FHEH
= 23] sAAE dHss A P5s AANE, D) HAAE FY3A &
I g 3¢ FY UE A FE & B AR 5o vk iheE
B Utk o] o= HA F AspHo] ofd wed FadE-E s}
A g oo ZANAS A% AEE A ¥ 8-S TEI HEe
g5 Fol vebd F Aok 8 919 (29 26], (29 27], [1¥ 28],
(29 29], [21§ 31]¢] 4% EFoAx HAE 9T T 7] i, 4
A JPA] HH AlF2E vl Y F/7F UEE F AT

HPAEL AFoE EFdte A A on7t HEeA] g AL &
A WAIAE YEHE fstar, HA o dijkE 3] st thekgk =4
ANxel 8a5& vt PF TS of <F 13> ThFe =1

& Z
Aol At A 252 zedAB)EE 7o 3 9 E -85t

AAF Aol

[
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<E 13> Clekst =ZHOIMQ X5t SAIH 22

o &olo| MEEl 15 SAHAH : 2 zeds

o &ol0| MEE 25 SAIAH : 4 zeds

o &olo| MEEl 35 SAIAH : 6 zeds

o 80l0| MBEl 43 SAIH : 8 zeds

e &ol0o| MEE A SAAH : 9 zeds

o E0ol0] MBEX| A2 15| SAHA : 4 zeds

o &0l0| MEBEX| 42 28 SAIH : 8 zeds

o E0l0| MEEX| 42 U SAAH : 18 zeds

G A FAE HAAHE HAE A WAAE Ha d &, 2719 A
S FAB A P, 1 o AH3 Folo] ALHA ¢
© ¥4 sAdF 23] A 858 vusty HFE AR S st Aol
o} o] B9 HAEL oy <& 19 AAE A F sty sAdES &4
st Zlolth HA 8 WAIAZE AAE F, ERlo] ALH s
Ho] E7lsds A | J3AEL Fol AAE A o] ERlo] &
252 4= 23 32 13 +x4L dAs)oF st} PISA 201294 = &2l
o] AEHA %+ 13 cAHE AHOE AAS AT TFollA HFEA] 2
3] S-S dstea g o] ofd HAY FAAS wdsE SRS
ug2, Ao Fads A st AF@AVE o] HEEHA e 23
SAAE EHs e i E2A A &l 879 sAdEs Edstazt st
1 st Algs FgEldd ASE st Flolth

e City Subway / Full Fare / Individual / 2 trips / Buy
o City Subway / Full Fare / Individual / 1 trip / Buy

ol# <E 1550 AT M AAxE BAND HgolA BUE P W
4 Aol & Vet dAelth o] 5L Titke] B & i, Felo] A g
A ore oo 99U +AA Y Ao 23 vansATE B5
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ol flom, B JFoh £

F

Sequence 44 & &
A

ARt zpol7k YERdT). Sequence 33
Ux, @A = F3F0] o Esh= HA o Helko] F

A 9
AR wA Eah AHolr] Wi, o] HEHA Rt YL F242

A =
I &Rlo] AEH 33 SAadY a7 HA 23] g0l 7hedtr]el vl
ol & 4 Uth

WA ol <E 1600 YEhd A AE2E A E A J@AELS tiks ¥
W3t FFo] PAY HEe dHdA A =2ttt & ¢ ok
o 2 B0, <& 1609 Sequence 1-& FH4 2 wAAE AAHFS Z Zn}
2 o] HEEHE dY 23S FAste AoA yoprt Hag AEs)
AT HollAl, HA o] Feto]l H & v E OE tickS vluste] BA
@ HAES AESATE HolA RUHP A v o] HAstA o] F
XA &odTh. Sequence 2& FHA& 84 WAIAE AAIERLS T OE gt
< O ZolR A du ZntE djlo] A &R 33 s HHS AN EsHS]
Oe A, 293 49 2349 858 S8 RA &2 FHAA oe
Al A Rt 8 F9] 23] SaES FAFATE HollA o] A HZ 2 o
b= F7] 93 RUE P §iAgo] o] FoFta PJ] Oi%‘ﬁ}. Sequence
3= Ha 8 AR E AAIEE 25 FRlo] HA| &&= 23] sAEs T
At the HoA 7Hd A d5S T3 ZE ‘:ﬂo}ﬂ% I RAR:
EUE PTG 54 HAo] AL o] FAAA Futha & F Yt

kAl <3 15 >«l A /\15’4*2 Alﬁﬂ?‘& v HAE0] <E 16> HA Al
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<E 15> ZUEEN gk 2tgol e R A A[EA oAl

- oH-

-

—

Sequence 1

Start-City Subway-Concession-Individual-Trip2-Buy-Ok-Cancel
-City Subway-Full Fare-Individual-Trip2-Cancel

-City Subway-Full Fare-Daily-Cancel

-City Subway-Full Fare-Individual-Trip2(Trip1)-Buy-End

Sequence 2

Start-City Subway-Concession-Individual-Trip2-Buy-Ok-Cancel
-City Subway-Full Fare-Daily-Cancel

-City Subway-Full Fare-Individual-Trip2-Cancel

-City Subway-Full Fare-Individual-Trip2(Trip1)-Buy-End

Sequence 3

Start-City Subway-Concession-Individual-Trip2-Buy-Ok-Cancel
-City Subway-Full Fare-Individual-Trip2-Cancel

-City Subway-Concession-Daily-Cancel

-City Subway-Full Fare-Daily-Cancel

-City Subway-Full Fare-Individual-Trip2(Trip1)-Buy-End

Sequence 4

Start-City Subway-Concession-Individual-Trip2-Buy-Ok-Cancel
-City Subway-Concession-Daily-Cancel

-City Subway-Full Fare-Individual-Trip2-Cancel

-City Subway-Concession-Individual-Trip3-Cancel

-City Subway-Full Fare-Individual-Trip2(Trip1)-Buy-End

<E 16> ZLEZ 1 ghy otyo| F55 FE

q

Mz

AlEA OfA|

Sequence 1

Start-City Subway-Concession-Individual-Trip2-Buy-0Ok-Cancel

-City Subway-Concession-Daily-Buy-Ok-Cancel
-City Subway-Full Fare-Individual-Trip2-Buy-End

Sequence 2

Start-City Subway-Concession-Individual-Trip2-Buy-Ok-Cancel

-City Subway-Concession-Individual-Trip3-Buy-Ok-Cancel
-City Subway-Full Fare-Individual-Trip2-Buy-End

Sequence 3

Start-City Subway-Concession-Individual-Trip2-Buy-0Ok-Cancel

-City Subway-Full Fare-Individual-Trip2-Buy-End

_83_




2
>
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e WP AHel $AAL wANS] A3t
st PFE FAstelok shH, o] AN Folo] HA Y UY
A3} 28] A 2FE BF HAsoF T2 L 5 9

AN A Belol 244 38 S22, B0
53 2ol hE 24¢ A WAL A= 5
PEEE R I EEA REMICE R D 3
shel ThE of g $a aFwe] vm @] wEA| Fukslojof Ht
re HEeA e A FANL WASE A AP Ao £

2 o} wASE Aol ®y] olgy] wEolth

)
o
ﬂ>i

& orr o) o

1

of)
)
rﬁ
filo
2
)
=
N
M 2 fo id
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Al 24, Holy HAg

1. 21 dolg &4

PISA 2012 CBAPS®] 21 H|o|E+= I A7} AldisE AH A A7 AH
of 7]=H XML & JSON 29| Hjo]g & HolE FE|E 7}&g3te= A=t
2 AF &, 29 dHolHY 2 2 AFArhvon Davier et al., 2022).
olZ|g 21 HlolH 9 oA A= off [17 3219 [spss =13 ]} 2ot o
AA7E 7 Mol 85 T vjuit 18)o] FWFOE FUMEHE WA o E
1 7150 FAEY. 21 7| Rl 9@A AEE 93 Do 9 @At

g )’ (event value)d AW7E A3 A7 EFY 28 Z(time stamp), 1
2la1 &9 <=AJ(event number) 5o] E3FHT} o3 Z 1 Ho|E ol A
HAlel A AFAE [27 32]9 [9Hd Ald2x Ho/FE9 9(Qiao &
Jiao, 2018)1¢} Zo] FET + Utk olg% = HolHole H4H ANA X~
AE7F A A For, AFAE Bad wet AES VEs e §
AH Ad2: HolHE AF FE3loF ot

NNHU

15

l

e | schoolid | SuDStd event time. event_number event_value network fare_type ticket_type | numbet

_tips
KOR 0000055 01840 STARTJTEM 12.7000 1.00 NULL NULL NULL NULL NULL
KOR 0000055 01840 ACER_EVENT 15.3000 2 00fcity_subway ity_subway NULL NULL 0
KOR 0000055 01840 ACER_EVENT 17.6000 3.00fconcession -lty-_.sl.lw-az' --------- ce DIHIE-B;S.HBH NULL ]
KOR 0000055 01840 ACER_EVENT 282000 4.00Maily city_subway :on:e$mn daily a
KOR 0000055 01840 ACER_EVENT 29.9000 5.00Cancel NULL NULL : NULL ]
KOR 0000055 01840 ACER EVENT 31.0000 Gooty supway o ity subwey NULL & NULL Q
KOR 0000055 01840 ACER_EVENT 32 3000 7 D0 fconcession eity_subway Cﬂnc?‘é!un NULL 0
KOR 0000055 01840 ACEHiEVE”T 34.2000 §.00 gndmvidual ity_subway CDHCEﬂ:IBn indradual a
KOR 0000055 01840 ACER_EVENT 34 9000 S.00pnp_4 city_subway concesbion indmdual 4
KOR 0000055 01840 ACER_EVENT 36.3000 10.00 Buy s city_subway Lunceémn indrdual 4
KOR 0000055 01840 END_ITEM 39 0000 11.00 NULL : NULL NULL E NULL NULL

[spss ijﬂr"éﬁ

Single actions (12) Allin raw even!_valuas excapt for Stan, End and Buy
Two actions coded
1agether (15)

=

(44 AlHA Hol/2E9| of]
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aEe) 27 HolEE Baate] AM AAx EoEHE 225 $a)A
= HEY A LS AHol Itk 21 elolEE WEE Amst A
NZro 2 7128k AR ER, of flie Yehts n43 2FSo] 97
o] Fo] th(Hicks, 2022). °o]# 3 173 LFES AHEd (1) 3 Hy 7]
25ojo} & 271 7]20] FRHNY}, () BANA HelA 23 +A
b Amel 7128 Ame) wA7F YAGA B, (3) Bye] Ao} &
271 5 W ol 7125 0] lo] sl Babel T Wl ol ake] A 7] =o] g
o] e 4lEE Aot 21 ElolE® ohgt YAl HojE A% 1w
ke DY H5 712 ek ge A9 A BAE 5 ok mhekA o
M A2 22 2ol AA oS Bt A Aelst WA

melA o] AFAE ol Sl tie dHe HYo2A D}

Fl

T7F 715H A &2 A5, AdATE SH SA A 71SH =47
A3 Y= AFE AR, =& AlZoly T8I T W o] 7]
25 5 BANA 28] o) FolF o FHHE APAEY AR
ERolg B UgoR TPk sheA & 5 glonz Axsigch 1
g3 2o @AY AR YollA 27t FREe| J12E A, SR
7159 d= F o AT @] AASAT B AFA AAIGE HlolE
29 #y B A obd <& 1D3 2ok
<E 17> Ticket Task 3 271 H|0|E{e| Ea|d oA
=M L N()
1 ? Xl=Z(raw data) 32,874
2 D 9= HEA} Abx| 31,791
3 Mg 52t ZERE A 30,426
4 SEE0 7|BE & 1,64271 XA 30,426
5 22 =M MY 7|8 &M SUA| mA; Al 28,703
6 AlZH | B 55 A AX| 28,676

ESES 28,676
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olzle] < 18>& HloE 2 ¥ @ Bl HAARE & =71 1)
SEEIE R =

<& 18> Hlo|e 2z2[dE oi&l 21 H[0[E{ 2] oA

ID event value time stamp event number
A0001 start 163.2 1
A0001 subway 170.5 2
A0001 concession 1725 3
A0001 individual 181.7 4
A0001 trip2 182.6 5
A0001 buy 184.2 6
A0001 ok 190.1 7
A0001 cancel 193.3 8
A0001 country 193.9 9
A0001 full 195.4 10
A0001 daily 1975 11
A0001 buy 198.7 12
A0001 end 200.3 13

919 ol AAE 2 HolHe 845 AWEYA 33 Ao WA D
2] = o &85 3, event valueoll= A2 A4 F I
3 RE Q450 7|EHY £ AFES Cstart’ B2, T8
‘end’ 2 FAEHH, o] AFAIL HH SYHA ¥t ¢HE &
252 ¢A AdFGFTURE subwaye city_subway®] <=, countrye=
country_trains®] ¢fol =2, full full_fare®] ¢F = AFEHAOH tripl
s 3T 13, trip2e "o 3 235 9v|dt) o] ¥l X trip3, trip4,
tripo7} 71 FEH o} o] Ao E o] 0] AHNA a3t & 3T
]l 2315 2Hste E He Tde 3R e - 917] Uﬂ—roﬂ
trip3+=2 3%7|3lH T} event valueel & =
timee Z¥ o] o]Fo|d wjo] A2l YR AZFS EAS A=, 0.1x%
S92 EAE Y event numbers  ‘start’ & 1Mo =2 st YERhE o
+ event valueE2e] MEE EAHE "zl Aot Fol AAH
AT whet &<lo] A8 23] sado] dds
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2. BERT gtz Hlol¥

Zkedo] x gl oll A BERTS|

i)Y

WAL B W 24 Hle9] dolEo

Aol QM B Aol A HA thg Bl BEAE BY FES F
7He ANSP)I 9HA wstsith ol BERT 8t4-< $lalA s Fof
HolHE BERT st&ol A& wlolg 2 waks] Fojof g,

_]_:[L

A2 23 A F olE I AUMMLM), 50% &A #A 3 F
U

A

o] Aol &4 W2 Adolrt ofd A AFzolEE, Fol 2
FHolB 2 MBS Fofof it} o & =01, A
NS wi= ofFf <3 19>9] dlAle} o] AL 7

=

e

n)

Ll

w

o

=

=

ok

o

tlo =y
tlo

do

ok

°
5
Z gz, BUe %

slEo g AAste TRAT.

X

< 19> BERT =t5 H[0[E{o] OA[(ONLE |, 2023)

ro

ISXISO[2R= 10| CHEZRIOZ X |A| &l Alzi2 Ty
ot B2 235 20164 32 712 ERRI= 2ufiiet olMi=E M2l thiZS &2 Zo[Ct
o QUHESINE S|, AV R HEH g5t RS tiSS0l WEA & =2iolc

(@]

mO

SHR|ZH 2Tt RHE = 64, A= Yot P2[0f 42 HIYEEIN
A 2| 22 As EH ZIEE ORI 2| LUElM AZE MEE 2= OFF B

FOUECT AZ AECH 20| SIS B 7[00 USRI SoIECIH Me2= 71210| gl 2= AKoITt
A 11 A= 7120 K| ARM2 of7| uhZ0(Ck

J3H| X2 AzEWel= AV Edst= AP Pt RiCle E80| 7158 A 2Lt
ErC(of bt AH|AES0| MiEde 4= U= AV} LiEKSICH= Zdo|Ck

5, A2 =2 4 $ U= Alci7t 2ick= JHEL

0|2|Z22E{0|M= 20| OH7 |5t “AdM(Generative) AI’ 7} 11Zd0|C}.

O|A= Stxl|el Raln|?

Ol ZIMmt Al B{HO| AlRt=|= Z7}?

SRR i HHE off AR ZiREE0| Tttt Haprt O[RAE= ol ThiA 2f2E 7R ARI= Brt
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WekA Aol HlolES o &ate] BERT St5< @ W} fA 722
HolH= 21 HolEE Wi Bast Ak ol AH AALE BED
2

BERT st HIo|E|7} ztaojof & =32 o) <&

ZH 1 MM AL Zhe] EXE OfEsof St

=7 2 WA 710 PEXE oj@isof Bt

272 10 AN AR AB2 e FRA W, AdofH B ]
of o ol BLES} go| BAY BFL FRIE /5 guB
oo AFNAE HBATL AFH FE $BS A=A F ohe ZA
A AFe Azelr] Slstel 28@ cancel’ & AWz BHE BE A

PHe T8 ° 9Pe s NS otk o
A7} GThel NSPol A 417} Th2 el e 2w the 2ge]
4] 449 A5 AT 5 WYOE UF B F Uk o] A7
A EASIA S HolHE AHstE, @ @AY kA A AA2
o thg APAe] M NUAE HAS AR AFHE glolth o]
H9 S5 Aste] ol vobAE AnE zYwt

of AFOIME 2k Yol HolE] Aole] EntEE T W AW P
o BPA e FRAE vhASAT o)t WPAst tE NPAE T

# o
PR 4ge sy wrel, & AR TANE 2 A4 Az}
2 @A} Adse A QA Adse ddsel Ay

o AR oo AH Afxo] Do Y= cancel” oA

jus)

A

= vhES, A @AE v 7] AR Yehe ‘end’ oA T E vbaE
Fasto] text Hd FHE AGSE=E 2AHs= R Z=E ot <&
]

2ol A3t

-89 - ___:er _k:i_ -I_-]i -.



<FE 21> BERT &&= <8t HIO|E{E E=5t= R Z&=

dataev<-data$event_value
eviK- “”

outputs<-c()

for(evt in dataev){

if (evl==“" )
evl <- evt

3

elsef

evl <- paste(evl,evt)
}

iflevt ==“cancel”) {
outputs<-c(outputs,evl) #35t = H}Z
evli<- “7

}

iftevt ==“end) {

outputs<-c(outputs,evl,””) #5 & H}Z=
eVI<_ [T 1]

}

write.table(outputs, ‘BERT.txt",col.names=F,row.names=F ,quote=F)

e Z=E ALt 2 HolHE HEe A9E H2E 3 FEHE
© 24 BERT st&& 9% tlolHE =53 + Aok off <& 225>
= o84 d& BERT 8t5e 913 diolg 5 5932 Igxte] Holg & o
1 AF 24 AAGE Aol o] F3] ‘cancel’ Holl= ¢ & HlE
o], ‘end’” FHel& F & vhEo] AAE o]Fox AL T + Yk
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<E 22> BERT &&2 <8t HlO|Ef OfA

start subway concession individual trip2 buy ok cancel
subway full individual trip2 buy end

start subway concession individual trip2 cancel
subway concession individual trip2 buy ok cancel
subway full individual trip2 buy end

start subway full individual trip2 end

start subway concession individual trip2 buy ok trip2 cancel
subway concession individual trip1 buy ok cancel

subway concession individual trip2 buy ok cancel

country concession individual trip2 buy end

start subway full daily cancel

end

g, 2+ g@Ae] HolHe g3 Bol A4z SHstE start’ ¢
‘end” = APATE AH 2t YEhd 21 7] 5] ofyH, 3P}
H] o] B of] 4 A AAE

A B2 (A A AP npA e oA
L= AHHo|mZ BERT &84S 93 HolHE &= 3A

A AE 2= mpx g Al Al 2
739l “cancel’ ©] L]—E]—L]—j_’ o]
2

0_1'4
sl & F A
o A} o]E& AHA|EH T I A A
913 Ymz g AlEaEe BE

_/'\_

Al A A /\l%/\«l AAE T &

FAA e N AD AAT H E
7

% 01] @—',% TolAl &  JomF A= A

g <& 23> 75“3}.
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<FE 23> BERT &t50| AF2El H|O|E{ Ol A

subway concession individual trip2 buy ok
subway full individual trip2 buy

subway concession individual trip2
subway concession individual trip2 buy ok
subway full individual trip2 buy

subway full individual trip2

subway concession individual trip2 buy ok trip2
subway concession individual trip1 buy ok
subway concession individual trip2 buy ok
country concession individual trip2 buy

subway full daily

olFA A2 HlolH | 70%E WY A =7 (random sampling)ste] FH =
A 30%E AT ARE FEsAtt oFA =&t +4d A=
£ BERT o= SFA7|aL ASFo=2n, 29 w9 dA
d AR2ES WE FRelA TH7ke] fAA
1= A@dae g I AE2E ol 7HE FARE e
22 A%stal ol B dlshe Aol 82 Zoit.
&2 = BERT g5 HsliAe B2 el dasit. A Al 2% 34
A= o] Ao A 43sl= BERT dt&5o 7]
olH & WA A ste] T&3h= LubE < N
ATA7E vh R AR = shgshs W o)7] w2l BERT =3
A% dolH#nt oyt EE ol Edle @i e
3] Fojof gt} olol whet AT EF FJd okl <3F 2409 B
A&l [PAD], [CLS], [SEP], [MASK]®} #2-& EFo] 2350 = A=

AL 5 Utk

b
ol [t
v
2

A
>
N
N
Jo
>
>,
rot
12
20s

>

TOROR O
o

I‘E
O‘r‘
3 rh
o lo
)
rC ko
. ofk
2
o

% dlo

L
M owe o

o
ooy 18 gl T of

11°.lé
)

m

8

1 & 7] =7
- 092 — A =14 ¢/



<FE 24> BERT &&= st EZ &

[PAD], [CLS], [SEP], [MASK]

subway, country, concession, full, individual, trip1, trip2, trip3+, daily, buy, ok
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Al 3. tE JA AlEE A

L 44 NE2x @A HA

of Ao F8 Hal F stk JPAY tE A AH=E AA s
ZAolth. ol & fsiAe i A AA2E AAHE F e IA AlE~
T RO ZEo] JQalt) oju, YL F v BT AAHA=Y FE5ELS w
A glo] BAst= Aol T8t oo ZAMA FA A YELE + U&=
BE T 94 A2 555 AT fF A4 AR A AR
(Enumeration Process)E ¢+ttt

ol & 93 Ed(tree)s &3t Edle =59 £7]5 AHE3tY «3
HA FeE FAHE ES FeEHo g EZoltiBender & Williamson,

3
2010). & AH AE=e HE5S AAst] st EF] 8 A(element
tree)E Bolstitt. Bl g4, ot [1 3313 Zeo] Aol7t 271 7H4
e A AEx, S F Y L2 o]Foizl EFE 9ndth &
EYE FASE 7P 712FA 94, 7)o s ZF ol E on]dit
o] Aol ¥4 A=< Ticket Task 3 &2 F 117HA 2 FYol 715
D2 11709 B 84F wE & Atk ok (1Y 3312 EY 24 %
shte] A AIE UER Aotk A A7E ‘subway’ & 2

L o7 FYo] 7153 Q450 o FHE AAH YeE AL 9l

g 5 St

=
[ |

;
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g full

concession

m cancel

end

[O2l 33] E2] @42 o

olggt a2 AAHHE 119 Egl 84S ofd [18 3419 2ol Al
E A A|AH2=O] Hxtol we} FHAA AdAsATh
Eincivicusi
concession

a cancel

end

[OF 34] 5 7He| E2| @48 A&sh= €71 ZAt

s gAY



A2 mAES, ‘end” & A Al 29| mpA| ozt FA A A
o FEE YH|stRE, o] F EFo| FASHE 4974 HAE TSR
oAE Eof, ofg) [29 351 ‘daily’ & AlFste] o] e A A~
( “daily-buy-ok-cancel” , ‘daily-buy-cancel’ , ‘daily-cancel”’ ,
‘daily-end” )& ==dt= 94 AA =, 24 Eg Y EE vpA % =27}
T ‘cancel’ &2 ‘end’ °o|EE dA Ayt viRElE AS & F
oh1D ol gk WA o ® dAA HAE FheH, EANEA HAFoA T

F Qe BE JEd G4 ARz BEL dg & gk

it ¥o |

[C12] 35] ofFElEl &7 ZEALe| oAl

o] ATME o)#d A HAE AAZ T ] 915te] Access T2
a3 P gAel(query designg &5t Al AlglE o))
(2% 36]7 2ot ol 117HA] E] 84 = o]Fo3l Hol&s #E bzt
A& T8l 43 AAste P2oZ o] 69 A AlFA BEES =

ste EA das FES Aotk ER 849 A @& Al F WA
A28} & o, Z} HolE9 T WA ol $IX3ts Tol(A2)9} Y X3

Bl ol & Az Toj(ADE AAsty dH Ad2E =58 5 9
o] AAE B3l A WA HolE2 Al-A2, T WA Hol &< A2, Al
ol &2 AZ, vl WA Hlol=2] A2, Tl WA H|o]E2] A29] ©oi7}

il

Do 2 e
v
alfe

2
R

11) o] AFolA B4 thgoz e A4 AlfdaE EF ‘subway EE ‘country =
AlZFetA gk 99 (29 35]% EA HAe] olslE w7 95 A AlExv) 3¢
G T FH = dAIE A Rl
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2
ih3
it

.

Actions Actions_1 Actions_2 Actions_3 Actions_4
x x = +
Al Al Al Al Al
A2 I A2 o A2 i A2 I a2
=N A2 A2 A2 A2 A2 =
|0 2: | Actions Actions Actions._1 Actions 2 Actions 3 Actions 4
g
Al [J |

[T 36] Access F2| CIAlRlE METH 20| 621 AHM AIFA A HX|

ol#e H}AFe T Ed2 2ol 6 JA AEx HF T IR A=

ot (19 3713} 2Tt

A1 7| Actions.A2 V| Actions_1.A2T7 | Actions 2. A2 Actions 3.A2™ Actions_4.A2M

subway concession individual trip3+ trip1 cancel
subway concession individual trip3+ trip3+ cancel
|subway concession individual trip2 trip2 cancel
|subway concession  daily buy ok cancel
|subway concession individual trip1 trip1 end

subway concession individual trip1 trip1 cancel

[O2! 37] Access FHz| C|XIQIZ AlGHAIZ] =2 ZI0]| 621 HM AIZIAL] OfA|

ols} gol BEF Ae) TS YA ThFe Dol o A AAx
g e glo] 5% 4 Ytk oA WEoW AH AAAEL I FF
o MES mEstel YE A4 NA2E A=Y BEIT
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A BT GA A we AT S Qe BE TR A4 ADx
o BE%e THSL U, 7 A4 ARz} 9@ otet A P 8
ANYED A 2 REE SAE Far) Ao ofg <& 250+ L&A 94
A Fo A M A2 BEG o] gilel, BEo] TFW 2 AA
NA27} 7 AARAESANAAN ADE 055 2eis A4S R 222 7
B Aotk o LEx Ar) Pol7k 1391 M AB2Y BHS WS
oJ5g AWate D T4 &, 2 A PAelA thehd AR A2z W
22 2Q3E B TS Aotk oA 9 7 PAe A A
2 59 TS A 5, HIEE VEo 2 WA E AHesid ¥
7202 B JPASAAA Al 4 AARTE FAJMAE &
AL, olE WE A AFE2E HAsE o E8F & AT
<E 25> 2+ M A|AATE A™El SI+E AbSst= R ZE
p<-28676
Imax<-13
#HHEHHHE action_2 is the list of action sequences #H##H###
action_2<-read.csv("Descriptions_Actions.csv”, na.strings = c(*"," “, NA))
number_of_actions<-nrow(action_2)
action_2<-action_2[,c(1:14)]
#H#HEH#E Let action_2 have Action number & Description ##tfif#t#
for (i in 1:number_of_actions)
action_2[i,“ID] <- paste0(“ACTION®,))
action_2[i,"Description“] <- “*
for (j in 1:Lmax) {
action_2[i,"Length“] = Lmax
if ( is.na(action_2[i,paste0(“A“,)]) ) {
action_2[i,"Length”] = (j-1)
break
}
if (action_2[i,paste0(‘A“j)] == ““ ) {
O
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action_2[i,"Length“] = (j-1)
break
}
action_2[i, Description”]<-paste(action_2[i,"Description“], action_2[i,paste0("A",j)])
}
}

#H#HEH#HE Let each action sequence have counting #itf#
ResultDf_Number <- data.frame(“"ACTION1“ = rep(0,p))

for (i in 1:number_of_actions){
ResultDf_Number[paste0(“ACTION®,)] <- rep(0,p)
}

result <- foreach (i=1:p, .combine=rbind) %dopar% {
ResultDf_Number_i  <- ResultDf_Numberl[i,]
ResultDf_Number_i[“Student”] <- i
temporary<-data_clean[which(data_clean$ID==Estudentslil),]
n<-length(temporary$event_value)
for (k in 1:number_of_actions) {
for (j in 1:n){
tempcount <- 0
for (x in 1:action_2[k,“Length“]) {
if (j+(x-1)<=n) {
if (temporary$event_valuelj+(x-1)]==action_2[k,paste0(“A“,x)]) {
tempcount <- tempcount + 1
}
}
}
if (tempcount == action_2[k,“Length“] ) {
ResultDf_Number_ilpaste0("ACTION" k)]
<- ResultDf_Number_i[paste0(“ACTION" k)]+1
}
}
}
return(ResultDf_Number_i)
}

ResultDf_Number <- result
write.csv(ResultDf_Number, “ResultDf_Number.csv®)
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@, o] ATNNE M AAze] HE HolHE A= T ) e 3
oz Ui & OE o4 AA2E 42 AHAT. A= TE v A

Zete (1) oE9AE9] ‘cancel’ 2 283 A AFA2x HIHo)s ‘&
O

o-End’ ) (3 7‘3 ZF=0] ‘cancel’ E Z 53
6‘} ‘A-Cancel’ ), Z18]1 (4) AGAEo0] ¢

2~ AgHel3t ‘AY-End’ )o|t}t. o]ES FEI J|ELS AA,
o

ol
S
2 94
25 AW FHeo] AFAAA Fe oA, B4, Y4 AW2E F
@ 71

o] ‘cancel” & ‘end’ & ALY AL A
E 9u3the Mol EASNE FAHAA e
T AN ADAE AAF] EIME NEdoz 18 dg

9t} old WE AHRE AASHE ofd <&F 2603 2t}

<HE 26> AN AEA9| HIE Ho|HE HeElst 7|& FH el At
== oM
(=T
A3 et Cancel End
QCIR} QEt-Cancel 2FE-End
REN X Et-Cancel HE-End

S, Jg-End delEolAs BEe] M AAx 4 BAE AW
ek, ol7lolA] APASe] ‘end’ E FRI QM ARxE T EF

Q1 ‘subway full individual trip2 buy’ = ‘subway full individual tripl
=

buy’ WelE, of 9t thiE A4 AAx A ARt BBasitin @
q

wate] o] T 7hX A AA2E UIE A4 AA2Z AR Heby
e Al e ARl A 2Hzh tE M AR A AAE AW

o},
ol <& 27>& W= Ao A AT -Cancel do]E ¢} 2E-End d 9]
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B4 27k M= 49) 571 G AALE Uehd Zlolth Eof A 3l
g & 9%, Aw-Cancel HolHel A4 AAzel o@-End dolEel o

C

£ HIT Ao} ) B2, Ho4 4 uw o 74 o

Aol B AR ARt raEe LSS SasI w}aw JEE
BozA tE A4 AAx 3

o Aol ool GEs s

<#E 27> MEf-Cancelz} 2E-End HIO[E{ Q] HIE A2| 57H M A[EA

ID AEt-Cancel UM A|EA frequency
ACTION197  subway concession individual trip2 buy ok cancel 12,393
ACTION14  subway concession daily cancel 5,619
ACTION64  subway concession daily buy ok cancel 4,686
ACTION36  subway concession individual trip2 cancel 2,721
ACTION44  subway full individual trip2 cancel 2,638

ID QE-End UM A|EA frequency
ACTION120 country concession individual trip2 buy end 2,834
ACTION40  subway full daily buy end 2,605
ACTION48  country concession daily buy end 1,005
ACTIONS start end 758
ACTIONS6  country full daily buy end 660
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Al 44 dE 44 AlF2= X&

shol o},
AAZ A7) 7153 271 HolHE Ay B, 2 H-Cancel do]E
x3=E AE T2 A A= 3,06571H4], AE-Cancel dlo]Elo| Z k=
A= o

E A A HE2E 2476714, £F-End HlolE o ®23H AE &
E)

olFA HH AA29 JHAFTE W ol f= HeH Ao dF &
o], ‘subway concession individual trip2 tripl trip2 buy ok cancel’ 3}
‘subway concession individual tripl trip2 buy ok cancel’ & =5 3| A}
7} &jlo] A89 23] A LddtH e Yo, EdFoRw 72 9
& Zte 4 AA2EolANL AP me} AlFHoE & F9&
k7] Wil e /7o I ANE2E EREY mgbA olE AAE
A g oz sr]ols AR o] vl-¢ Woisto, £4 A3 e &
H3l7] of gt QIzte] HolA 3 Wl AT F e Hr ol 7T
W& mestdMiler, 1956), &A1812 A A4S flsf BREFS
Zol= Aol vtEA F sttt
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Ao X3 HAA A o] Y 7HA] 71EE UFHA T =
2 ~2 MASATH o] AAE AHrd tew 2 A
o x A AA29 HF) XSt Aot o] ALE APAIL
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S0}, 94 AP ‘subway concession individual tripl trip2 tripl buy
Tatr] Aol o2 F g5 s FYsIAAT, F
Z2E 139 g% 3AFE HE”o}S\’iiEE, ‘subway concession
individual tripl buy ok’ & X|&st= Zlo] HAsitk A HA =de
‘buy ok’ & AEF g7t LAGEF sh= Aoth. dE S0,
‘subway concession individual trip2 buy ok tripl buy ok trip3+ buy ok’
%i 24 AR w2} HAEE YA B, T 2
Slarol A Ede Ass] & A4 Alfzolth o] Aee 3 A A4
2 YollA Al W] BAHS AEEPonR o] 357 Y8} T A
NA2E o} X Fo] o] Lo|Z o dtt. wpAuto. 2 v WA

A 23 BRIl YAFHES s Bl

ojggt vl 7}Al Aol wet A gho] & H Aok F HA X3 F5-Y
AAIE, 44 53 =1 2 Auigk 233 A AA s ok <& 29
o} 2t} o37)oA TP AR A, BE QA AAE X EH ]
o7l M NB2E Bele] A AW 2 Fsich
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~
o
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>
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CE 29> HA A

i
[>
i
ju}
EH

[e]
>

ajo| AN AlFA E M AL Ex3 5

subway concession

individual trip2 buy ok =71
2 trip3+ buy ok trip1 buy ok  subway concession
Z%; subway concession individual trip2 buy ok
individual trip2 buy ok trip2 trip3+ buy ok trip1 buy ok =2
trip3+ buy ok trip3+ trip1 Z73
buy ok
=cfo] AM AlEA HE AMH AL uist =A
;Z?y:zar?:zs?r?; buy ok subway full individual trip2 =12
. buy Z7i4
ARg| trip2
a2 subway concession subway concession
individual trip2 buy ok trip1 individual trip2 buy ok trip1 Z73
buy ok trip1 buy ok buy ok

29 <& 29>0l A x| 3ho
9

Al 2ol At F

SR 3k S8t} 2 o)A
o] XF Wol 2 HEOE, o FPAE] /1S £ X FF
NA AAXE 54 7HAe] UE AH D22 DS, A2 OE Y
o 28¢ HUgIE BAMoRE FAR BANE PO HFT &

gt Ad NA2E T F A Holrk
go=, o] AFe] Fa BAL 4N £ BA FFeNA o] Fojx =
DG g WE, F M AR~ 7te] AZo] HAAE B st A
ol7] Wzl M ARz HAE T2 YAt Hdo] ul$ Bitsio]
48] olE A BAlgel WA wepy B GH AA2Eo
de sl Bdsts dolesh Wasith 2ok Frid HolE s}
oAl EEPoEM A4 ARz ke AAL BAsE Aelo] ol
AFAME 2zke] hE o

Erﬁ%rﬂ—l

7 ) 717
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T2 7t FY 3
ke ofg [19
3813 o] dF-E WHEsto }%0}"%3} 04] o] ‘subway concession
individual trip2 buy ok’ ¢ ZE=+& SCIBO2Z, ‘subway concession
individual trip2 buy ok tripl buy ok’ ¢] Z=+ SCIBOBOlSo. 2 3313
th. BOS] 32 & A Ald2 oA 2 e Il AE7} o] R R =
AE BABIR oW, FE W HO| A= wpAgte g g A=
Ho] g5 AFE FIAT Aot AHAE FAT F Axe

N A 20l A 43] oo B 2l ‘

stof SCIBOBOBO2SE & %¢F =& Bg3t5lon, % m=o] BOJL
33] YElYHE o] E 33] o] o] IAS AES AR A3 AT

o 2
g8

! i
_|>i
rulm
w
i
_°|L
R
lil
1>
e
1o
rLl
Nlﬂl (r

SCIBO2 Subway Concession Individual Trip2 Buy Ok Cancel

i

SCIBOBOBO2 Subway Concession Individual Trip2 Buy Ok

Trip1 Buy Ok
Trip3 Buy Ok

Trip2 Buy Ok Cancel

(02 38] UM A|RAS Zoksie

gl
In
i

=5k ool oAl

ohel < 30> Al o) @At BASNA YL SOSE MEs o Ao]
.
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<iE 30> SO0S<2| ofA|

Sequences SOS

Sequence 1
Start-Subway-Concession-Individual- Trip2- Trip1-Trip2-Buy-Ok  SCIBO2-SFI2BE
-Cancel-Subway-Full-Individual- Trip2-Buy-End

Sequence 2

Start-Subway-Concession-Individual-Trip2-Buy-Ok-Cancel- SCIBO2-SCD
Subway-Concession-Daily-Cancel -SFI2BE
-Subway-Full-Individual- Trip2-Buy-End

Sequence 3

Start-Subway-Concession-Individual-Trip2-Buy- Ok SCIBO2-SCDBO
-Cancel-Subway-Concession-Daily-Buy-Ok-Cancel -CCI2B

-Country-Concession-individual-Trip2-Buy-End

o) <& 300S Ay BH, 27t 1471, 1670, 18708 FYo = o] Fojx
A= ZAZE Aol A2 270, 30, e FoF Zevt dEE
SOSE W= ATH SOSE Ay HH, x|o wet 7+ A4 AlH 200 A
start, cancel, end % F3lo] AFHJ=AE EHsHA Lopbd & At} 9
£ Z0], Sequence 19 SOSo|A A WAl A A@2<l SCIBO2E g
SOSel Al A& Alde Aot} metA Sofd o= 29EH JA &
ARk Ao start7h, THlel cancele] A FE &S FFL & Utk
Sequence 22| SOS¢] A A Ao A= A starte} cancele], F HA
N Al 29 o cancelo] AEFE o] glom, Al WA SOS| whA =}

WA Az Frjol] end7t AFH Aee 75 F Aok oA A

SOSel| A o] A A ~ol| &= start, cancel, end7} AZH o] gloH, o]& =
Folo] AHHA=AE AAE T3 & + Aok

o]gA =&3 SOS HolHE o] &3tH 4 Ad2 1o AAd 7] &x3}
o] o] AZA9 Ao A S JPT 4 o) o F EW, 99 &
30>9] A WA SOS& AAE A s Al & ZHE Ao &
stAohd, 7 HA SOSe AAIE AN W& S AP3 & Znt= elo] A
£ dd SAE a5S gRlsta HAE YT vy A" 229t
ATk Al HA SOS= AAE AA s & F Elo] Hed dY 54

3 ey i
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o
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S A5 5 oA AUA & AALE HAT %
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QeA ol HE JuE A

+ sk,
A3 gL P BESe] B 0B 432 AT £ At
of Aol E MPAGFe] NAT FBE A9 7o A4 AALE D 7}
A UE A AR A 2AL ARet, R A4 Adze F
ofF IEE wHEo] SOSE EESHE WS AASAT. Leiu AP Al
A AR AAZTE ATE FAR NG QA Dz ABHAEAS

A_z

gl davt Atk thE A A F2E X
sl Aol7] Wi, A3 =18 eldslsls A3yt st
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A 54, g JH ANFAZS XE Ad HU}
1. BERT 2% 44

BERT R3S 4757 Ydsixe Al 2% 3804 AF3As 2y =
719 o E S, MLM BI2E 9] ulsg) ulg, 3 el o], A Abe]
=, 3458, 9 AW AR 5 2R e Aol dh webA o
Aol A B BA wge] 20 AAeEs A7) AyEojor df.
A 27 3holA =@ Z7)E olElA dl=o] fof FE #ojojo Fm

A4ge du ok Sk 290) 245 AoIME B AT e A4

st& ] g8, o] AT e oHlA 3
st Ao| Adsttta Adekdth
gHH, BERT7F &9 & §EE3 953 do] e ol A", ©oj7t ofd &
& eele] oM AAE =F37] SlsiM= A7 A7E BERTS st A%
£ &8st mE ALete o AYS T W o AFHok s Wi
of], ‘SBERT(Sentence-Transformers)’ &t= &4 @9l Uvd S F=3
g Zo] Al ekE AcHReimers & Gurevych, 2019). SBERT
o] AP S Tt AFLE B ofyg} ou|EFHOE FAL
FAY AEH S B2AS AR, FAS oln XS AMEE o
g5 3 ot SBERT dTAE(Reimers & Gurevych, 2019)& 159 &
Holxo £171 o}, HYl, Hol2aE FolA w3 tit= oy E &
FA1Z1 o] AHTrE RIS A5HIEe A AAEA =,
Z ol A o Ao Aol 7 wojt =& (all-Minilm-L6-v2)3},
ol Kt} Al A g 71 e 58 A4S FdsteE B
(all-mpnet-base-v2)S AR&3 A& A <¢ksl T,
HPApe] A AJA2E 7HE FARRE A AlF2E X 8ste Y-S
getr] el = A AE 2 9o IS Feke Zd el oA otk
2 =

kA Zdofe] &4 UM Hojd AE AL F EF e A7
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<E 31> 71 M=0| Fo{=t SBERT = H

H=384 H=768
Mz ofgld sl=9 = 6 12
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o ARz EolE el o 1%0] AP Ao FAATE WA S5
welo Aol Hel 402 BAsY, Qo] B 2HE GA AAxE
1AZ, AA A9 0% e Aoz dehdeh webs st4 w9l
Aol 203 4008 7hzt MRSt} 3% Belvt M AAs AAE =G

s} Zahs el WA A9 28A Ge Aol Askel Aol

£ AwE Wert doka BRHAC,

tgom WA Aozt AFA} BYI BA 3

F Qe WA Aolze] HAE BEeIor I 4 .

a8y dulEA dA A L=6, H=384<%! all-Minilm-L6-v2 2% F o|x =

718 A% G AEAN 10080 TY R WAE K59 SLE o
&

S8

E‘r 0413101# 3%55. 0}?41 [ 5]9} 2ol A% éﬂ%ﬂ], Hj =] Apo] =7}
AdaE SEHAoA 2ol 7IFAE HulolEst= 7t Eoent
(Aggarwal, 2021). Hoffer ¢J(2017)& HlA] Alo]Z2E 7|2 24 o|Z2E&
0ol Zo] utEAsAT A= Fde fste] Aol 3o ol
E
3

-

L Zx&ta ot wEkA all-Minilm-L6-v2 =
T O =2 WA AO]2RE S8T F A=
&

2717 s, st BN Had QulolE A5} 1008

epochs *examples
batch size

(+4] 5] YHIO|E SIS WS 24 7+ B

Update Steps =

- Q'ﬁ*%oﬂ gk dAolt. o] dFeAE = dTEHY AAE
(Devlin et al., 2018)¢c] &3 3h<5xE2] 4k 3e-4, le-4, be-5, 3e-5%} Yut
Z19] I‘JE{O Arglo A 9] AdamW GEJulo|# e d&HEE FAHE= ZF
le-3& EFst v oA AduHEdS Tl 1 A
all-Minilm-L6-v2 2 oA = 2 ztHT} le-4oA] FH 319 %7 7+
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m?i

o

| o1& a1, all-mpnet-base-v2 E&olA = t}E ZtRTh 5e-5¥
W 8 X9 27] Zavt # o]FojHTh wEtA 24 REF Y 27| T
E

EF o] ATNME 992 AW Y3} APeA] G RYOE
o] 7 A#E AVRIA AT 4 ABNE iAoz 7} ny9
AA 28 o] 1% slgehs 28 Fo £2F G7A] 55 HEA

o2 FIVINNE VlEe EES 3F¢tHAggarwal, 2021; Ravichandiran,
202D).

AG7tA o] =28 Tt o] A7 BERT EFA AT =1+
Aelstd obgf (F 32>¢F Zth.

<E 32> 0] AA7M0[M MZA St BERT 282l =7

= LHE
. Mini (L=6, H=384)
Model Size Base (L=12, H=784)
Epoch 1,2,3
Masking Rate 15%, 40%
Length of Learning Unit 20, 40
Warm up steps 1% (of steps), X

o] 2SR TET RIFY FTHE I AT 27HA, olZEA 54
A 37|, Bk Bl gl A 2714, S TRl 9] Aol A 2714, Telal
A A& oA FeA 27HA =, F 2X3X2x2x22] 487FAQ1 Alo] &A= A
oh 4871A] ol A7)} dlxa <, npaF HlE, fd Al o F-eh Al
g 28 ¢, FE A Abol &, 7EEA] HElolE Sge [R5 14 53t
ATk ol AT A" F 7k 2EE<l all-Minilm-L6-v2$}
all-mpnet-base-v2¢] ©olE& syl ¢t 2z ‘Mini 23,
‘Base” R¥o g H®V|sTh

o] AFeA = sAHA ]z AFste AAAAYE 3 FolEA
7Iqke]l @ F 42~ ZholB ]l ERAZ WA BERT 2y 729 =
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S E&3Ath12 FAH ol e AR Y 2 FE A2 FE B UES
ZIRko 2 B S 75, uF 2 wjEste H 7S F e AvHEH 2
go]g Apoldx ZgZ otk Mahmood, 2022). ESRAXHE o] ZYEo]
Algste golBd g F dttoltt. o] AFtolA StEAIRl 48744 Y F
oAl Base =& 3tUE Adste S5 A5 dFE AAG A= ot
< 3PH} 2t ole BF A& AASy 2EFE A4S+ BERT

<E 33D Y T30 22+E ZH™ste EffiAZI F=9| of

import transformers from transformers import BertModel, BertConfig

config = BertConfig(
vocab_size=16,
hidden_size=768,
num_hidden_layers=12,
num_attention_heads=12,
intermediate_size=3072,
hidden_act="gelu”,
hidden_dropout_prob=0.1,
attention_probs_dropout_prob=0.1, #0{EHIM AT0IE Y= njFHol EE0t2 &E
max_position_embeddings=40, #ats chelel 2ol
type_vocab_size=2, #EZ E}Q Ot0|C| (BERT= segmentA, segmentBZ 2&57F
pad_token_id=0, #[PADI= HIE{5| DHHOA 022 MY
position_embedding_type="absolute”  #$/X| AHES HeiZto=

#<E 249 EZ e =&
#H: 85 21 P o

#L: 3|E 2ojojel £

#H/64: O{EIM F=9| £
#4H: T EXE HEQT9 Aol 77|
#oExQE UWEQINM HEst= gyEs EF
HEEOIR EE

)

from transformers import Trainer, TrainingArguments

training_args = TrainingArguments(
output_dir=model_path,
num_train_epochs=3,

#2430 M& Ef9 2R
#olz3 5

per_device_eval_batch_size=8,
learning_rate=5e-5,
warmup_steps=130,
logging_steps=320,
evaluation_strategy="steps",
save_steps=320,
load_best_model_at_end=True,

per_device_train_batch_size=8,
gradient_accumulation_steps=1,

Z£3 Hix| Ato|x, s GPUSHE L =|cHZt
$IECIIE $& 514 10| AR %S
#ZS Hix| AlO|=

#5e-5

#TIA AC0IE 2=l 12942510 oF 1% = J2H-IRIE ORI

#2IG|0|E of 3208moict 28 22
#oH logging_steps OCt 2% HIKE 405 HoD
#A|0O|E of 3208imjoict =& A&

i

#3185 5 U3 QAP A4l 2ES MY

ke

12) https://huggingface.co/transformers/model_doc/bert.html
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o B 1 Hrbh olRolATh A <F 3DAM AT BFS A
Aelol= A5el 12,9428 T4 o) R0WATIE S Aok 23,
oF BAFOEA F 4009 B} o FAAES SHASS HAY &
ik,

3, o] AFoAE MLM H2E A2 28t o [1¥ 3919}
%o] BERT 3t ZA#}E o] &3t [MASKIE A= HZEES AT 5
J=d, o] H2Eo [MASKIZF =88 944 AA2E 483td [MASK] #
goll AAE 75l w2 EZol §EH I «AUE Yehdth o|&
‘uf~3 H|2E’ g 3§t} Y BERT 3ol 2 o] Fo]xthd, [MASK]
Aol AT Tl & AA| FEONA YEUE HIEH FASHA o 581
of gttt

nip fill{ subway [MASK] individual trip2 buy ok')

[{ 'sequence': 'subway concession individual trip2 buy ok',
'score': 0.998541 0442352295,
"token': 8,
"token_str': 'concession'},

{'sequence': 'subway full individual trip2 buy ok',
‘score': 0.000107546329672914,
“token': 17,
"token_str': 'full'},

{'sequence': 'subway buy individual trip2 buy ok',
‘score': 8.392154995817691e-05,
"token': B,
"token_str': ‘buy'l,

{'sequence': 'subway ok individual trip2 buy ok',
‘score': 4,6304354327730634e-05,
‘token': 8,
"token_str': 'ok'},

{'sequence': 'subway subway individual trip2 buy ok',
‘score': 3.614291563280858e-05,
‘token': B,
"token_str': 'subway'}]

[Q2! 39] BERT &h& Zl= &23t OfAT HAEQ| 0fA|

3 3+ 3
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2ol dAle] HH A|FAE ‘buy ok’ 7F EFFHO Jorg HA 9F
HAZ 7 e AT UEbd = e ‘ok’ & FY8idte Ao
g2 mFo] & of APdArt Elo] ALHE sAHs T A & A5
A & Ak webA IMASK] A4 ol f1A]8h= ©oj&= &Rlo] A &= &=
8+E 9vsl= ‘concession’ ©]al, 99.95%2] EEZ concessionS o=

gt o] BERT 2& & 8tFo] & o] Foftial & 4 it} o9 o] wpx
3 H2EE 23 Hrlel] &83t7] 98t o] AFoA= EAH2 #4A
ANA Uelg & e A AE2 FTollA AFAe LGAAAN w2
2 #Fd 2% 7HAE AASAH. vtaa H2Ed 289 A Ad
20| BEE25 AASHA oty <& 34>9} Zrh

<E 34> 0fA3 HAE &&E AN A-EA S5

— —

023 HAES AL B8
[MASK] concession individual trip2 buy ok
subway [MASK] individual trip2 buy ok
subway concession [MASK] trip2 buy ok
subway concession individual [MASK] buy ok
subway concession individual trip2 [MASK] ok
subway concession individual trip2 buy [MASK]
subway concession [MASK] buy ok
subway concession daily [MASK] ok
subway concession daily buy [MASK]
subway [MASK] daily buy ok
[MASK] concession daily buy ok
subway concession daily buy ok [MASK] ok
subway concession daily buy [MASK] buy ok
subway concession individual trip2 buy ok [MASK] ok
subway concession individual [MASK] buy ok
[MASK] concession daily buy
country concession [MASK] buy
country [MASK] daily buy
country [MASK] individual trip3+ buy
country concession [MASK] trip2 buy

a|3| 33| 3| 2| 3|8 2| 8| | e|~|o|o|a|w|m]

n
o
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olFA d& =F JHAE mixa HZEE AR F, HA2F 0.01 o
of, AYAA 2L gho] obd BES THA=

o7 A mEAA et Wxo HEI} Hlwstt o
#o A= AABHE ol <& 3509} ZTh

<E 35> [MASK] HIAE Z1lQ| oA

2 EE ®F #o
[MASK] A= gg S5 B2 A2 A
subway concession individual [MASK] buy ok 17,101
subway concession individual trip2 buy ok trip2 15,088 .882 934 052
subway concession individual trip1 buy ok 952 .056 031 025
subway concession individual trip3+ buy ok 1,061 .062 .029 033
average .036
subway concession individual trip2 [MASK] ok buy 15,088
subway concession individual trip2 buy ok 15,088 1.00 995 .005

average .005

2 NEe WA g@gAe] FEAA [MASK] #Hg] ol YERd EZ
&2 o] BE HES HEE YEA #he 9

ol Yehd 352 ofvlat,

Hletn, 4% W&o H2E A% o Ed o
gom BE WS oA oS g g2 W ke AU df B T
A ALE skl oief 1A AR S dEd A RE olgE 92

ahar, g s

E 25 MY HEEdA 4L dr 3] B+ AlF F& 73 F AF5ES
g #e 1A w9, ol [42] 617 o] o] o =3 [MASKIZ}
AA FEO v & IriRtE JhA o] AFAE S AW E Ttk o] 4
< ‘d3ZWe(recovery) BAF olgtal HstAt ol & H =Y

o] A9 naz H2E A o= 8 &3}
ojBRE 2% JIA H2EE AT A di
dzvy EAZS 19 77k e e
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N
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Do
=
o
b
ot

o] 74 vpAt @Al 9] EF9(pooling)13742] ZF 1371 9
gl A(tensonld Fej= LA Hew), Cls YuldS> Lol A
AlE FE o] 12HA 1=t o] AdolA 714 2+ whA
last hidden state)ol A z} & dwid PPl A Hx P+

o T
Rul
il

)

e o>
Y,
o
T

2l

~

N rlo do rlo KU
e € o2 € &
o
fu
o

only tha first position: [CLS]

1
last_hidden_state [@] last_hidden_state [0][:,0,:]
BERT Output Tensor/predictions s N

hidd

all hidden
all sentences
unit outputs
2,000

1 sequence
—_—
..... | | | \
OUtpUt rowWs ‘

]
2,080 1
Output rows
(ane per G tone per
sequence) & sequence)

..... 1,000 [
7, 8
o~ Nunber of hidden

Uiits reLs] ye
L] 1 - 65 4

Position

[712! 40] Last Hidden State Output(torch, 2022)

@, Cls Yulgol 4o B9 F5aka Qo] BF EAlol & 284
e ShA g, 2RI A olzle] BAke onE wi b £ Waol
g3 YF8 vhe gtk oo o] ATCNAE mhAY ey FHlA AL
% 9l Mean YWYt Max Y3, Lelx vhAe o Jejol sl £
A% AH 2 % Qi Cls-pooling MY AAE 7 =&
7 2 Qg A el e Are obe GE 36>7 2k

13) %ol BERTY] vpA=t 1294 249 Fefe] [CLS] #WEjol A& #oloje} sjol
HEY BAE 43 FFE AEste AL WHOE, o] AN Ades EF EA
5o o FAel &8&dnh

14) dAe, oA ‘gakd g’ & ouste= dojolth. Nab ’lA= N7 #E
sitel Fog o] FojA M, A4z} dfo] HEAE zr=rHKolda & Bader, 2009). ©]
ATolA dAE E JdZE7E 127 e RIAAE dHd 2AFRE 3FY 'A
(66 X768 X 20000 LA =Tt

15) o] 7ol AAZ ¥ kA dhEAd 24 g e Wdt R

K

B4 dulE ol EAZH. ojo o] AFelAe vl 7HA £ dvid S 7
woz slo ATE Ta F, o FoAA AF $5W ANE e £H A
HHE AdEste] o] S & o AR PHER 42 23E vusiiy
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method My shape
Cls-pooling | 27 52| Downstream taskE ¢/5t0] Z&/8 2 (2000, v)
Cls last hidden statedilAM & =xf &S 72 A (2000, 768)
Mean last hidden stateOfiM 2E do| =2 YAst A (2000, 768)
Max last hidden state®| Z} oM Z|HZIE 71X A (2000, 768)

*y: O<|_§_ IE.: I ;\II__OI-El EE.O'

9
= —7]‘—%‘3}3’_, =% 19 v/‘}E 74]’“01] ZP—Zr 8= 2R FAE
es et al, 20198 F3 @A 2t AA A fxe AFH BE dIE
WA AAL o] FARE Adbstddth. ZAR]D FARES] id 2 ofd [
FAR A o] F HE e yHe 73 &, F WEe A8 &
& Foez WA S vwe F duge 78 Aol Graves et al,

0

SEA A S ArEtRE £ S

Gurevych, 2019)X = FAR] FAIEE &85t F EJOL Bo] SATE
Axtstal ok WE S F e AR TbesE AR &
APE Bhol AT Ao H e HH O ® ofssty & u), on| R U}
&7V WS A7) Aaleln, o]

ik =
W b 9 o ol Baa T Rabeln, oS8 A

e
k]
L)
N

o
w
us]
T
=
=
=
@
=
@
A
&

o3 %2 o]
HE BFe F5a o] BE WA Ar 00]H, webA g 0]

1 & -1
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AR AA2E AP, AH AP ] oz shgn
A7E FARSHRA AFo] NS A AD2TE FAR 7

at7] 15kl ‘=ZARI A g (cosine distance)’ Md-& =4EATE ZAKI
AE 1AM ZARD FAZE Wl go= 3t} IARI Ao
?f [2] 813} Zth

1—|cos(V,W)]|
[£~AL 8] IE] VQF We| TALSl 72|
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N
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=

mrebA] S gATE DA Al A Al AaSe] FARD Al
718 7k HE AA AR AR AR AT AR
R4 22 ouE Zte A AE 29l Ao 2 bEst]
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of ZAAA A et A AF2E AFE tE A
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Hojxo zglolH e  “‘sentence transformers’ oA 71AH & AolH,
SBERT(Reimers & Gurevych, 2019)¢] &# o] =]} torch(2022)7} A|-g-3kar

e SEE Fustel o ATel B WA AFFHA

tlolEl ek Mean fHld o]9le] t& duld w4e A

16) A g-Cancel ©]9|9 & | A
BT BB AAE o 1 o] Wstrg EE He| [H

s Unx ZEE
= 4l FEHA
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<E 37> UM AIEAS| Mean Y I ARl FAIEE EESk= pytorch Z=

import sentence_transformers

from sentence_transformers import SentenceTransformer, util

#2+ T|gX HM A|E A9 all hidden states T5}7|

with torch.no_grad():
output_cancel_scorei=model(input_cancel_score1[’input_ids’],
input_cancel_score1[’attention_mask’])
all_hidden_states_cancel_score1 = torch.stack(output_cancel_score[2])

HOHE UM A|R ALl all hidden states +6}7|

with torch.no_grad():
output_cancel_key_score1 = model(input_cancel_key_score1[’input_ids’],
input_cancel_key_score1[attention_mask’])
all_hidden_states_cancel_key_scorel1 = torch.stack(output_cancel_key_score1[2])

#last hidden states 75}7|

last_hidden_states_cancel_score1 = all_hidden_states_cancel_score1[0]

last_hidden_states_cancel_key_score1 = all_hidden_states_cancel_key_scorei[0]

#mean embedding

HOIE UM AFA HOEE 22 YAoz A
attention_mask_cancel_score1 = input_cancel_score1[ attention_mask’]
input_mask_expanded_cancel_score1 =
attention_mask_cancel_score1.unsqueeze(- 1).expand(last_hidden_states_cancel_score1.size()).float()
sum_embeddings_cancel_score1 = torch.sum(last_hidden_states_cancel_score1 *
input_mask_expanded_cancel_score1, 1)

sum_mask_cancel_score1 = input_mask_expanded_cancel_score1.sum(1)
sum_mask_cancel_score1 = torch.clamp(sum_mask_cancel_score1, min=1e-9)
mean_embeddings_cancel_score1 = sum_embeddings_cancel_scorel /
sum_mask_cancel_score1

fcosine similarity

#mean_embeddings_cancel_key_score12 CHE UM A|RAQ| 2UH|E
cos_sim_mean_cancel_score1 = util.cos_sim(mean_embeddings_cancel_score1,
mean_embeddings_cancel_key_score1)

#Make the pairs with the cosine similarity scores
pairs_mean_cancel_score1 = []
for i in range(len(cos_sim_mean_cancel_score)):
for j in range(len(cos_sim_mean_cancel_score1[0])):
pairs_mean_cancel_scorel.append({'index’: [i, jl,
’score’: cos_sim_mean_cancel_scorel[il[j]})
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A 64, TZA| X tlo|dy F22EHH

ZZ A2 wpo] g2 AR A 2Ho] ARE e 2 To|EEZRE H
g 7H8sHA @& &% AHE F
Zst JMAstE dH HHE O
2022). ZEA| 2~ mrolyd & ZZA| 2o Tigk ABA A2 o] gl AEjol A 3
T 2t oE FAE B = T2 M2~ 2 (process mode)S F=351HA
th(van der Aalst et al., 2004), Z2ZAM| 2~ 349 EAHS EAs= o &
23+ 4= 2lth(van der Aalst et al., 2005). o] A5-¢] th4+¢l Ticket Task 3
TFE A7 EAAE HA Foll Rhve HA 2 wAIA O 83t

i

st MR ZEAAE £E9T

(van der Aalst, 2016, £714] 9

g

‘JRr_E

o AAMS B WAL Ao ek F vIAHTE b Aol Ao
hol w@AuiT} of @A TEAE BAslol Atk 1P oM Adx
o) A 47 AWE 5 e S0S HolHE BEaE A AA2 T
©% ofd A4 AA2Tt BEEAE A5 S E Z2A 2 ol
9 ol A & Utk

of ATNE ANPAES] QA AAAE UE B ARXE X B3}l

A & FE3 SOS HlolEE ZE2 A U}O]‘/‘ < A¥sh= R #H71A
‘bupaRUanssenswillen & Depaire, 2017)° & &3l EAsac A
Zep egabe] EAE G2 oAEA dEA, LY 22 AHAket
FAag} steigts A2 HAH o] gA dEAE AT
Holuw, Z2A| 2 mlold 45 AHAet eFAke] HolE
skt bupaRe] Algste Fres 3l AgAet L9A7E 44
& S0S9] 7h3l%:, dole] Bx, 181 SOSE HIELEO S 8elsto
oz A 4 Ak a8 AH A2 AF 3 H(precedence matrix)
S Z83tH SOS o] g N AlA2oA ThE HH AF2aZo AF Wl
E Bt F 9of, JPAEC] oW YA ANA2E AP & utE o
d | A FEo] THssith o]#E %
i/‘ﬂ/\ rlold s &8st ZAEE Aol X egdAkel AR
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3 o Aol bupaR 7 AE FEF B4 kel A A(Exce)?]
BE 7152 ol §HAT LA rlolge] SOS MERHOTE A
A EANE HAe) AL sHershrlel of e gol gl o
% BE3] SOSE TAE R A4 AAxG BA Y A A
AR, @RSl F2 HHNA oW AH NAXREL A W=x
Ao EA ogH BR FFA thge] o EA e, o] Sol
Agete Aol o€l BEAE AWEYT. ot G4 Adzel The
GA A0 BETL ol WEH, M Adze] 2] Ve FEL o
M) AW R S Qe Mo, do] w7
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<& 38> SPAEE Mo H3s #Hels

1) N-SCIBO2: MAI2E 2427 o|aist TEXIII HSo=2 AldsH =s= AM
A2, & HAIZ XAl @S2l SCIBO2E Al Sl
2) N-SCDBO: &9l 2=9| o SAH| EHE Al = Fa 2F HAXIE
Sl LS S=sts AM A|FL SCOBOS Aldst 2+
3) N-BOBO: ‘buy ok’ & & A|ZA LHOIM F & MA|st= Sl
4) N-BOBOBO: ‘buy ok’ & 2t AIZA LHOA M &1 ol dAlst= S
5) N-CHECK: CtE &F2| SAlAe 258 &elst & Fiske HM AIFA9 +
<i 39> SCIBO2 SCIBO2 SCIBOBO3+ SCD SFI2BES| A H
N-SCIBO2 N-SCDBO N-BOBO N-BOBOBO N-CHECK
2 0 1 0 1

‘N-SCIBO2’ & AA &= <127
A e Al AB2 H5E

Lol oA ARz 3
B PR ANTAN AN AL Bol &
& 24 MAXE e WA} HAE 298 AF T

AT,

‘N-SCDBO’ & & SCIBO2E A@@ ¥ @aSe] ¥<lo] 488 U
AL A?‘*«l vigrolel wekala ole] WAL ARG W AWshs
ol BebA ol A4 AR27F () SBO2 G

it HlustA T Td A Ee &4

g Z1A, (2) SCD, SFI2 %
H ooz APE AR} w> F a5tk o] o
w2} SCDBOE Alagh ow|7t 2etA]7] wf&o]th

‘N-BOBO” ¢} ‘N-BOBOBO’ & ¥ &@A7t wAlsid AA T AALA
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HE HA 84 vA A #HHE Wlolth. N-BOBO= ‘buy ok’ & g+
Ad2 HollAl F H AASHE A a2 & 9 vsta, N-BOBOBO

‘buy ok’ & g AlA2 Holl A Al W o] A A A|lA 2 &
ou|gtt. & N-BOBO+= + WA HA 8 wAA A HAE Z93)
4%, N-BOBOBO+= # 4 8F WAAE F ¥ o] AAITE A<l
2o PFe WHEStE 43T BEEY. o5 A 84 HAAE ¢

1% HaE 2YSA @3 @ W 9 2AS AR Aoy W

o e e

g
b dASET AZea ] e 2AoR W ARE S

A=
AT & Ak N-BOBO’ £ ol BES & W AW Ay AAx
FolH, ‘N-BOBOBO’ & #H4& 8 WAIAE AARILE HALE FY3}
A Q3 0 FRE T W oo BAL o AEsE A4 AAx e
E HAA AHO ke 3] Astel g% 35N 23Y Botn wd
@ shale] A7} o Z81A, N-BOBORTH 43 ols] 5ol el
ojzske] &% Ho] § REFE TOoE AMT F YOBE 1 oy
b GhEvhn BEste] of % wWelg Helsltt
‘N-CHECK® + #H#9 230e #astehs 24 434 o 433
A4 GASEA LTS vasiLels Y5 05, F ke vius)
L on ARz FE oslF & Utk FHAZ SOS HolE S 4
A djok g Sgshe GH AAsE F2CSCI2, SCD, SFI2 2 1
ettt oS 77 A5HA Belol AgH 28] £4AN AY $A9, 1
g1 @elo] g Wt 28 A L3S AW F A4S 23
L @5 et A4 Adzolth SHAE SOS HolEE 4
Ast, et AES NG AH AA2E JGASZRE S5F 99

Al 7FA A A 2=(SCI2, SCD, SFI2) & oty ‘CCI2T & F7I= s
T AU ol melAdolA Eelo] AH&H 23 sxde] ave AT
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2 4 dti(James et al., 2013; Sonagara & Badheka, 2014).
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<E 40> K-medoids 22 AE{Zo| HX}

EHAS. 2E ZEXIE KIH2| a;é!ZA SoIM 7t 7Pz 2ol gEteict
THAA. 2t ZE2f S0l IHE 72 JHH el S RHmedoid)e| #UE TERICE

M Salgts Tl Albteict
EHAIS. Saltel Halot FaliZl 7122 "7 %S WK 3, ATAE Bt=Sict

371 9lskei(James et al, 2013), RE WAL TF35te] ZF Wl B&F
HAE 1o] HESF AT

olg gt AAFE Fotd =FH 74 TS o8yl Hst, 7 FF o
AAA FAH A 4223 AlZHTotaltime, LastPause, FirstPause)® 44 A
A9 Fo H(seqn)= A4FeH T ‘Totaltime’ 2 A A2 7
Aol A A P@Art 4283 FAE ou|dtt. ‘LastPause’ & AE A=
Ao 283 AR E, JJATL viA Y SEHS A= fj7tA] 97
Fol AEE s=AE AT 4 da(Arslan et al, 2020; Jiang et al,
2021), ‘FirstPause’ & &3 A& §A4 A S8 o] o] Fojd wj7tA] 4
83 AZHR)CE, P27 AAE= HAL o3t & Awst= TAEA
FAN A 283 AFES & F d= AFo|tHArslan et al., 2020; Jiang et
al., 2021).

AZEE o] Qo= kgt A7 HH oA ZEEHIL e ZEA 2 HolE
oty FAHOEZE FHANS BEAFGoEN SAHRY S AHusstALY
(van der Linden, 2007; Qiao et al., 2023; A1&3, 2021), 3 &#F2] A o
3t FAEE Hoh Bugt 23S &8st FA38A W Goldhammer et
al., 2016; Ulitzsch et al., 2023a; Ulitzsch et al., 2023b; &3, 2022), +3&

A

o
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o] that I x}e] AP A 21L 7R AHvan der Linden & Guo, 2008;
Qian et al,, 2016) F+AALE &Ast HAF &G0l AUZE HASAE 2
¢l(Yamamoto & Lennon, 2018)st= ©] &8 4+ ot =3 FFHAIZE
Tl @A EAsA T2

= 2ol JE FAEE d& & UthHArslan et al, 2023; He et al, 2018;
Jiang et al., 2021).

Nrulo_l

EE A FHL oS T & YES SoF

53] A ZAE AAR ste AEEHolA 7N &AL SEAITE
2 @AY ZAHNA Wao] tig FRE AFIEZ(He et al, 2018;
Jiang et al, 202D, = ¥EE SH A AHI} oJ9A A=A E 24

2 ger) Jota dustdch 18la ‘seqn’ & SOSO E3HE A A
A=) R, FH 2P &8H A 7HA Wlel sfidsts HA Al
A2 oo B E FFY A A, F xS TEAY FYrE
tieks AEStE Zlo] ofd A AlA27F dupt 2EJEAE X
o2 dHFE AF7F "ok

T3 2 R BEAS F o "EsHA olslslr] At A4 wHe] R=
91 10709] SOS¢}t A, Z=A| 2~ nlold o AlZstE A ¥Udke= R 3 7] A]
‘processmapR(Janssenswillen et al., 2022)° < &8sl Z2ZA~ W
(process map)& =ZstAth °ol& Sl 2 e wANA FAH L Ao]
E FAHoE dAuysqdrh

mpAleto 2 ZF o] ZABA YA A Aol E Kol =AF Flstr] ¢
skef PISA 2012 CBAPS2] CP2 &39] Ticket Task 35 A<l st Eaol A
NPAEo] 4 HFY FTHS EAMEAY Ar-E Tk, wASE 3

4 & Uehde W€ 3 A= Zel7) CP2 &'ou A Aol = o)A EH

£ F<lstith. PISA 2012 CBAPSoll= CPlellA CP47kAl 470¢] &3ro]
Jom Z FgTuith a8 e S Ede Edeta AL, A4 @ E
F2 27309 s de 2R wEks ZANEAY BrlETel 29
H G EFS BT 16E@ely, selEde BT getd F 428%°] #
HEr g ], 2014). CBAPS= @A olAl 54 Z&Tdd A Be =%
= At A2 Ao s, Ticket Task 3 3ol st 93
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2 =] 9] ST,

okt whEbA] sele] CBAPS 99 AAle] Ax=

w37 AFE ke Aol AAHs, Ticket Task

s B A3lH 7] W e FAA] B HF HARE &8
Ticket Task 3§ Al9Igt CP2 &3+ W 971 st¢1 &9 HSE &

e TAMAY Ha(o]st CP2 AR Byt Al 3% 149 <& 1009

Al AW E PISA 2012 H7HE9 A2 AA AdolA *RUEHFA v

I Rl S

Q)

fr & o
it
o)
it

A (Chi-square test)ﬁ %_‘% 4 B4
N

A= 3k Wl W fzilOH
A 3 3t Aozt vdEhEA, =3 £33 3 £AAY A, A AR
o} A Al 29| Fo A Apolrt A=A :‘%LOL &t7] #lste Fhol Al
AA( st Wl Sl
q

N s
Z
2
=

nf“lo

QOFO

ames-Howell A}

- 130 - ME-T



A Td. AT A

o] A7t Hxate= v [17 4219} 2ot ZF Q404 Ao Ao &
3 A 7 AAHE B3 d& Ao, Al e &

= ofefell A5 o
o e s =57 A% B4 A4S oo 7 &4
o .

2)
oAA =E3 HolHE & <tell, Z HolH AEHEs 245 o] &

=

A A =)
=4 gofg] BERT oju|g 2} ok
I . P s hojy W g =c= =N = AlEA(sos) N

+ 27 Ho|E - « cancel FEHIE L -OiE A A A2 zd | «THE MH A
Sximot Hols 22y BERT SH ~ o En) €% ~2 Ag
send FEHE
end £ cojE o A | EHER | Lmapel ARz
or . = ol g BR) Bk ol
oixt A2 XE A= A B S
A AT~
=groc
oM A|RIA o= AH AR 2 =HsliZ
5 T+== g Al y ikt B3 24
Lo ARA Ao iy < I2M|~ 010 « K-medoids
27 gt He 32 S
=Hold 4

[OZ 42] 24 2tHo|M HIo|Ee] 55
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=

bol TlE A AR o

J]

o

£Ys5o] 9l

A 27}

A

S )

ol
2h

of, Aol M7} €]

= =
= =

':{1:]_
MXN77} =t}

ARl A 7E A o] o] #o] 7]

)
e
pul

W

ol

0
o
o

o
%
mj

o
]

_Ulo

ZZA 2 wlo]

Ela=y

o)

bl &

£ B85

s S5t A AR
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Al 84, &ol2 A

o] Aol B4 HAoIA g Bolo) ol Hesha obe) <F A3}
oo,

<E 41> 0] 910N

ALBElE 80

HI

i

cHe

4]

=

HM AR

HM A

Access TZ]2HO| 2 =l
ME 4 e ZE AFEAL SES Uies 2

2 HA o) x

E2l 24 ZIo|7} 291 JHE B2 UM A|EA, B F Jj9

o LEZ 0|FR0ZAl EE|E LiElHE= 80

CHE MM AFA A7 HXOAM L2 HM AlAA0
N M Bl=2M Znlel 2xZ DNe Daistiod

HM AIRAA

MAE CHERQl HA

o ! Al

‘buy-ok’ 7}
HIEE AIFA

3h A|ZA LHOIA buy okZt 0f2f H SZFSH AIRA

=

HN AIEA2

Cancel2 Z2I5t7{L} 282 ==z517|71K| 5t}

=S
g 20| o M AIAAOIN HEAIL Al 22 £
=of 3= ‘i'ﬁo?lilﬁel ZIEkstA 85| flsl Algste
=3
& Et-Cancel HEXIE0| ‘Cancel’ 2 ZZst UM A|FAQ
] A &gt
2 Et-Cancel QEXIE0| ‘Cancel’ 2 ZZst UM A|FAQ
ol A &gt
X EH-End Ci|0|E HEAS0| ‘end’ 2 SZT AM AIEA R
QE-End BIOIE]  QEtRISO| ‘end’ 2 Z2E UM AR~ FE
MLM2t NSP E|AEE &8t s&52 T™ot7| <
sh& ChHe 5to] ®X|o{Zl F JHe] HM AAA XZE Hal
Zl Zolz Hsaksk A
ol M AIBEA L{o| OIS BERT 3t& ZIE Of
BERT =e g5lo] HE HEZ Matst= 2, &2 1 Zo)
UM ARAE HIE JZH| LIEILHZ| @/sto] T
UM AEA of 2 Y =l ofg] JHel HEIE UM Al
2lHg A cielo] ol WEE mslsle A &2
1 ZHn
T AN AEAQ MY HEE FAlRl LiAS
x| & TARRI FAIE T Z Q9| FI|Z2 LiE UeE, F UM AIF
A9 FAEE FX[55t= O 288




<15 LYt 2 HM A[AAE JIE RAISH CHE H
=2
H 1 ABAZ GRSEE Xl
= I|& I s
HA AIRA LEXL A Algst AR
x| EHEl 2eie HM AAAE tiAst=dl 2EE HM
MM AlEA AlRA
T 7 ®ALSH cHE UM ARAR R|E5H7| 25
*E = of Tefsiop & x7d
AR HE| 10 ZALSl FAIEE = 2}
subway city subway, X|SEZ 1
. Moz B{od
o8 L o country welMeoz Hy
O;DI- &t i slo] odoz H{
(240q) concession 2ol o= HY
full full fare, 28t @Zo=Z BN
trip3+ trip3, trip4, trip5
TIZ2NA S0S ANEA 282 A|EA(sequence of sequences)2
ojolg) otz
‘ jonindividual trip2 k' e
N-SCIBO? A|Ssl:bV§V?X~ concession individual trip2 buy o [
S XT
N-SCDBO ‘subway concession daily buy ok’ 2 Al& Sl
‘buy ok’ £ st ARA LHOIM F B AASH=
\-BOBO o AlFAS| %
‘buy ok’ E & AIEA LHOIAM M| B 0|4 AlA|
\-BOBOBO Sl M AlEASl 5
2 AEY N-CHECK CHotE Hwsh= UM A[EASl 5
=0 seqn UM AlBAL| JH5 (X, S0S2 Zo])
. A ZHshZel THM ZYXI A28 &
Totaltime NZHZ)
. =& AlRT A A Z20| o|Fo{E mIX| A
FirstPause o3t AIZHZ)
LastPasue HE ME 2H| 228 AIZH=E)
N PISA 2012 CBAPS2| CP2 Z&Z0IM I|YAIZ0|
e BT oo msol 24
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Al 478 A7 23

A 14. 71€ A

o] AFA A tios &8 T2 PISA 2012 CBAPSY F WA
8] 2~E|(CP2)o| Z3+% Ticket Task 3o]th. A 3% 2& 9] Hlolg Zg 4
2o whe} "oy FElde Aldg 23, B4 g2 42719 57 ¢
Ao Al Fg mFA 28,676H O E2RE FFH ol E AAEUT
o] T AEAE 11,1439, L&A= 17,5339 0|tk =7 4 A 9E AE
“~(sample size), B HA AlF2=9] ~(average sequence number), KA
Az 23d Y & 9rldte= W dol(average length), Ticket
Task 3¢ A@AHcorrect) Bl €(%), 18]1 EA|s)Z28 e HF H<(CBAPS
score mean)2] 7|& FAE of <& 42>¢} 2.

<E 42> Ticket Task 3 2& T|dR}le| =71 7=

sarpple average average correct CBAPS

country = economy size seqence length %) score
(N) number mean
HEst= 841 3.9 26.44 52.80% 511
L=90] 387 478 32.88 33.30% 503
CHEk 472 5.52 35.8 51.10% 534
CHetRl= 340 5.46 35.88 52.60% 561
o3 559 3.63 25.9 32.90% 497
=Y 422 4.69 32.43 39.10% 509

2 AlO} 480 4.01 27.45 38.10% 489
o}z 511 5.92 37.37 47.70% 540
Ztzf|o|Alo} 940 3.86 25.85 22.30% 422
2HUOZ 901 2.69 19.18 13.20% 407
o|= 392 4.04 28.93 46.20% 508
HWI|of 699 414 28.16 48.40% 508
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=7t2|ot 842 26 17.55 22.90% 402

=HehA 467 3.34 23.71 22.50% 428
AFS10| 404 5.64 37.24 37.90% 536
M2H|o} 828 3.62 25.93 27.90% 473
A9QE 389 3.97 28.12 33.20% 491
A9l 828 3.77 25.04 43.80% 477
&2H}7|o} 472 417 28.6 38.80% 483
&2 o} 640 3.54 24.75 25.60% 476
AtzE 461 5.62 36.32 59.70% 562
ofZtolo|z|E 937 2.74 19.39 19.70% 411
ojelai= 398 413 29.08 51.30% 498
o AEL]o} 434 4.28 30.01 47.90% 515
QAEZ|0} 437 48 33.46 32.30% 506
R 970 2.43 16.54 19.70% 403
o|AztA 439 3.47 23.01 27.30% 454
o|EtZ|o} 450 4.32 29.16 46.20% 510
s 971 4.4 28.81 69.70% 552
A2 1,452 4.65 31.77 54.50% 509
= 494 3.28 23.32 32.00% 448
FHtCE 1,411 4.01 27.85 46.40% 526
Z=4|o} 731 3.07 20.38 18.50% 399
3 2o}E|o} 878 3.67 25.66 32.80% 466
SR 960 4.16 28.95 25.90% 454
z=25Z 466 4.41 29.42 46.60% 494
Z2ic 368 3.67 26.18 41.80% 481
ZakA 358 4.61 31.49 43.30% 511
mete 1,685 4.15 28.57 46.20% 523
&ote| 400 443 29,75 27.00% 459
55 1,739 4.41 29.97 51.10% 523
23 423 55 35.3 52.00% 540
b 28,676 4.01 274 38.00% -

‘o A Adze] = AR @ ¥ s =& 5= 508
g A Adx o BEe oudn dA g2 4.0100x, 7+
< YEhd A9 5929 wirbe, 7B W @S UER S7hkE 2439
. © EE J8AY H4H AdzelE ‘end” E FERHEE

U
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oz et A Al F2a7E s EghEe] glomz o]E A 9stal
‘cancel’ 2 TEIFE A AlFA2E vt I PAENA HAZHORE
°F 4.923], 9T olof HPFASA oF 1.433] YEG S YHIgH o] &
Tl ¢FHolo PRI HA 8 HAIAE AAES F vyt o 1
ARG AR ¢ A2 7o dSS AT ;M F Utk ol A%
2] FE5E A g3 A oS dA o Z = Ticket Task 3 &&ol A
17 (47.7%) B EA @2 -F 3ol HAHE(19.7%)2 o] AMdES ARt
3. o] Z3o AFd deHdor =Fdty] fsiAe HAa 339 o
NA2=E AlgsfioF 3t7] o]t

A FEANA F3 A AF29 T/ F 17,34271AF oW, dol9
S startel endE E3Hsle] 274490 starte} ends I FA7E AA =
Y3t A otyr] wZol, JPAEo] AAE Y3} 7Y HAE
2542 AT o ok H HH AR Fo B9 vRVAE do) 9

rﬁn

Bol g 2 Frhs 30372 J15F ke, g AL gl BES U
Bl F7bE 1654% 759 ST olgnh ol 6 mwre] #el Wit A4
ARz Sl WS S 2 grolth web 2Y BelE A Uy @
WET A APsE B9 & W 24 9S4 AA golsa % 3
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A 24, £ vlolH
L dx 944 Nd2 AA 25

D@4} AW e mE

e Fo AH AL BHL A7) s
GH AB2x 9A e AAT A

3, & 56370 e AAAE =&
of 7]l ‘subway full daily buy ok’ , ‘country concession individual
trip2 buy ok’ ¢} o] AAE APF F gle A AA=IDE A QstA
o] A9 4 thidol Qh HE A A|A2=G THE F 2787l 0]t} o]
S ZolHE A3 W=e ot <F 43> Zoh

<E 43> ZOo[E AM A|FA9| B

Length Frequency
2 6
3 8
4 20
5 56
6 188
Total 278

= S0, o7} 69 P AF29 o AZ=  ‘subway concession
individual trip2 buy ok’ 7}, Zo]7} 5¢1 A AP gARE
‘country concession individual trip2 buy’ 7} lth.

A 2 B A2 A BES 7|F0 2 LA Al 7HA] HlolH
A EQl AP -Cancel, 2%-Cancel, 18|32 2%-End dlo]E o] £2] 2787}

A A F2=0 HIEREAE AIYS &, o] & RIEECE WHAEoRE Y

17) o] A7olA &-83F PISA 2012 CBAPS9] Ticket Task3 &A= &Ao] H&H

= AstE Ay THE AR HA A wAAT AAEHe FRojlER, T
o] HEEA e FakAY o sAEE LHT e AFAUT okE FY
ok k= HA oA WAAT EHHA G 1‘; A A FDrE ouE 1
A= AdstA] k7] Wi, AAZE N=r) 00] HS FA3H T
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SHEh agla HiEe] HAE 7
27 E P AlF2Y A

He WS zy
AR, Ag-Cancel dlo]E ol YeEhG YA /\l%i% ‘ﬂEE

24 T3S WgReo Fstol
=

Ns At 4

4313 2o 19 sdxs vl

Ad-Cancel HolE 9 7

Count

M\
o
i
g2
rlo
&
o
_>;
AN
)
>
o
ol
L
Red
>,
)

Action Sequence

[O2l 43] HE-Cancel H|O|E{2] UM A|FA HIE Hi5}

37, el 23

o= wo| AY3 AH AP~ 207} l

et ©]

M=} A A shed,

NAzo Zok I} 3 A A5 o].g]]

<E 44> XMEH-Cancel H|0|E{2e] HIZ

&9l 207HK] H4ME AR

ZEt-Cancel HI0|E{Q HI= A9 2071X] M A|FA oz &9 IS

1 subway concession individual trip2 buy ok 12,393 SCIBO2
2 subway concession daily 5,619 SCD
3 subway concession daily buy ok 4,686 SCDBO
4 subway concession individual trip2 2,721 SCI2
5 subway full individual trip2 2,638 SFI2
6 country 1,624 C

7 subway full daily 1,524 SFD
8 subway full 1,263 SF

b
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9 subway concession 1,133 SC

10 subway concession individual trip3+ buy ok 939 SCIBO3+
11 country concession individual trip2 508 CCI2
12 subway concession individual 507 SCl
13 subway concession individual trip1 buy ok 460 SCIBO1
14 subway 414 S
15 subway concession individual trip3+ 336 SCI3+
16 country concession 325 CC
17 country full 179 CF
18 subway full individual 175 SF
19 subway concession individual trip1 111 SCI
20 subway concession individual buy ok 110 SCIBO

a2y o] 2071#] 4 Al 2o 2= Ticket Task 304 YeEly= 93
Aol YEL BT AW 5 givk o] Baolq BASNE o] w3 E e
A BB Ak 23 WAA ol Fel et WFols] wEolth
webd, AEE 20714 HH AA 2 ool BAISA HgolA A7}

=
1=
.
A1 el
h b B =

cedozs fovlsity t ood NAAES F71E Bast 9

oz
£
i

Well A treFst &5 3lgolA ‘buy ]
(o]3} buy ok ¥HE A AlA )7 ok Ty o]

2] & 5 A4
NAxe A9 71 o9 gt gdPdase] daS A= g 3
o] X7 a1, Ao w2} buy oke] F7F &

448 oI 54 919

R O AAs WA 3 @A)
7 M BAL AR B H5el WA glol () vhAT buy

ok’ & FYstr] Aol A ¥ A, 223 () ‘buy ok’ 7F AlH

b ! -1 g
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z £ 7eLs
et e AE g8 I Ad=E
7%l W=

2~ ‘subway concession individual trip2 buy ok tripl buy ok’ <}

At 1

3 B A

)

274

s
Rl e R R
‘subway concession individual tripl buy ok tripl buy ok’ & ®}A=} buy
okl F ®A | buy okE sl7] Ao Adeg g5 357t triplo 2
¢ A8kal, buy ok7} &%t —“%1\—’?*7} 2812 dAE7] WZel s HAd Al
A2 5 5 dn a8y o] dA AFxse o FE=F
SCIBOBO1= A4 stod, & A|f 2 Yol 5 He| apd Tde A=s)
a, mpA el JHE 18] Hedd TS ARSee FAEAT

o] 4% Fof Z=T HotM= A WA /\1‘5_01]/‘1 YT &

o 7 AN AR AAES] A Aol wE} trip2E st o A
o] 7}%53lth. AAEZE AP-Cancel wlolEle] AW AAx Fo
SCIBOBO1¢] :ZE7} Hof == 2947FA)(9F 75.96%), SCIBOBO2¢] =7} #
o == 5787}A(84.60%), 12]1l SCIBOBO3+9| A E7} HoA =& 6247HA
(76.76%)¢] QA MA@ 2ol A A A A Tl A=A He 37t
2]l Ao 2 yeiyth. ol= FAld A A He A2 15 &2 3% 9]
de Agsts 4= AREE Ansr|=E sHA|RL oS4 WETE BF
=5

50 o] ol AY olH Tt A2 & 7]F57] Wl NE HA /\l%

iy

de > 1o o x@

T o
ofy LR
ox - o

FEekE 2 A4S0 57 A F71E W ofue, olEo] Ax &% v
AAE olslatA FAGAL Aol thobe TE ©5 AN Hoeim
Arke FEHOE MHol /bsst] MR, o] 5S WEY A AALE

[h22 oA Al A o] 83 dH A
2 A AANG F OHA 712 wel BE
SCIBOBOBO1, SCIBOBOBO2, SCIBOBOBO3+ & &ti}e] Z= & R ofslgdth.
o) Z Eo], SCIBOBOBO3+& & Al@ 2 LHoﬂH Al o) BES AR

ulfe
o
fu
o
—
<
(@)
SR
i
o
L
m\n Red
Ded

shul, Vi el B Aol 38, 48 F& 589 B4 A4 F skt
SAAE BARILA & Aotk 1714 buy okE Al W o FUT

¥ oy )
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&2

A ANE2Eo BF o] /Y AEE FAsIROE=E, buy okE Y
=2 q

O W Ee T oldos FYF AA AAAE ofylo] TP 2L &
of mEg RolwErh BA 43el 2L FE AHA DB T
358 FYse) WAL ASSATE A, Ak 8F WAAE T o)
IIE HEE £H3A @dx A%dte] B H5E v WAL A=
shecks oA FEHol SEE BolF & Yok

—

o
webA buy ok WEE A2 oA ZFA(SCIBOBOL,  SCIBOBOZ,
SCIBOBO3+, SCIBOBOBO1, SCIBOBOBO2, SCIBOBOBO3+)$} 92| <3 44>
o] W= &9 20744 A AF2=E ghete] T 2671 ti A A RS

AABEAT. o] A sty obl <& 45>} T} buy okE Al ¥ o]

=
hg =
A3 A AD2E O AL S7b v B gEd B26A ey
=3
<i 45> ZE-Cancel C|O|E{2] CHE MM A|RA
ZE-Cancel HI0[E{2] CHE HM A[E2 R = I
1 subway concession individual trip2 buy ok 12,393 SCIBO2
2 subway concession daily 5,619 SCD
3 subway concession daily buy ok 4,686 SCDBO
4 subway concession individual trip2 2,721 SCI2
5 subway full individual trip2 2,638 SFI2
6 country 1,624 C
7 subway full daily 1,524 SFD
8 subway full 1,263 SF
9 subway concession 1,133 SC
10 subway concession individual trip3+ buy ok 939 SCIBO3+
11 country concession individual trip2 508 CCI2
12 subway concession individual 507 SCl
13 subway concession individual trip1 buy ok 460 SCIBO1
14 subway 414 S
15 subway concession individual trip3+ 336 SCI3+
16 country concession 325 CC
17 country full 179 CF
18 subway full individual 175 SF
19 subway concession individual trip1 111 SCI
20 subway concession individual buy ok 110 SCIBO
21 subway concession individual trip1 buy ok trip1 buy ok 387 SCIBOBO1

subway concession individual trip2 buy ok trip1 buy ok

Lo _-.H_--E -..;_":._ .I.IE



subway concession

individual trip3+ buy ok trip1 buy ok

subway concession
22 subway concession
subway concession

individual trip1 buy ok trip2 buy ok
individual trip2 buy ok trip2 buy ok
individual trip3+ buy ok trip2 buy ok

578 SCIBOBO2

subway concession
23 subway concession
subway concession

individual trip1 buy ok trip3+ buy ok
individual trip2 buy ok trip2 buy ok
individual trip3+ buy ok trip2 buy ok

624 SCIBOBO3+

24 - - SCIBOBOBO1
25 - - SCIBOBOBO?2
26 - - SCBOBOBO3+

Count

Action Sequence

[O8! 44] 2Ef-Cancel CI|O[E{2] HM A|RAA

o2 o] AgE AH AP2E 2871 S HA 3}

sttt ol5o W= ofgf <3 4600 =oF ZE
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<HE 46> 2E!-Cancel H|O[E{Q] HIE ARR| 287}X] M A|RA

2Ft-Cancel HI0|E{Q] HIZ AQ| 2871X| AM ARA Hz &9} I

1 subway concession individual trip2 buy ok 8,056 SCIBO2

2 subway concession daily buy ok 5,730 SCDBO

3 subway concession daily 3,249 SCD

4 subway concession individual trip2 1,966 SCI2

5 country 1,421 C

6 subway full 999 SF

7 subway full daily 898 SFD

8 country concession individual trip2 815 CClI2

9 subway concession individual buy ok 799 SCIBO

10 subway concession individual trip1 buy ok 740 SCIBO1

11 subway concession individual trip3+ buy ok 565 SCIBO3+

12 subway 557 S

13 subway concession individual 549 SCl

14 subway full individual trip2 451 SFI2

15 country concession daily 439 CCD

16 subway concession 331 SC

17 subway concession individual trip1 256 SCi

18 subway concession individual trip3+ 253 SCI3+

19 country full daily 233 CFD

20 country concession 205 CC

21 subway full individual 180 SFI

22 country full 157 CF

23 country concession individual 146 CCl

24 country concession individual trip1 92 CCN

25 country concession individual trip3+ 88 CCI3+

26 country full individual trip2 79 CFI2

27 country full individual trip1 54 CFI

28 country full individual trip3+ 52 CFI3+
a8 obd A-Cancel HlolEl 9} nprbA 2, 919 28714 A A A2
7o = = Ticket Task 304 Yet v+ APAe] P& 2F AT + gl
o] BaolA EASAYS HAY 5 e G4 HA RES 4 2



HAIAE AARI cancel& Y3 o] %o YElh+ d50]7] ojEolth
u}2}A, buy ok HHE Al 2~ oA 71A]|(SCIBOBO1, SCIBOBO2, SCIBOBO3+,
SCIBOBOBO1, SCIBOBOBO2, SCIBOBOBO3+)2} ¢¢] <3 46>2] W% A9
28714 A AA2E et F 347FA tE HH AExE AR AT
o] 5 A stH ol <& 47>} AT} U] AE A (3 45> A2} 2
o= buy okE Al ¥ o] FHT I A AT FEAA A

<E A7> QEH-Cancel H[O[E{Q] CHE M A|RA
2FEf-Cancel HIO|E{2] CHE HM A[HA HE &9 3

1 subway concession individual trip2 buy ok 8,056 SCIBO2
2 subway concession daily buy ok 5,730 SCDBO
3 subway concession daily 3,249 SCD
4 subway concession individual trip2 1,966 SCI2
5 country 1,421 C

6 subway full 999 SF
7 subway full daily 898 SFD
8 country concession individual trip2 815 CCI2
9 subway concession individual buy ok 799 SCIBO
10 subway concession individual trip1 buy ok 740 SCIBO1
11 subway concession individual trip3+ buy ok 565 SCIBO3+
12 subway 557 S
13 subway concession individual 549 SCl
14 subway full individual trip2 451 SFI2
15 country concession daily 439 CCD
16 subway concession 331 SC
17 subway concession individual trip1 256 SCH
18 subway concession individual trip3+ 253 SCI3+
19 country full daily 233 CFD
20 country concession 205 CC
21 subway full individual 180 SFI
22 country full 157 CF
23 country concession individual 146 CCl
24 country concession individual trip1 92 CcCi
25 country concession individual trip3+ 88 CCI3+
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26 country full individual trip2 79 CFI2

27 country full individual trip1 54 CFI

28 country full individual trip3+ 52 CFI3+
subway concession individual trip1 buy ok trip1 buy ok

29 subway concession individual trip2 buy ok trip1 buy ok 408 SCIBOBO1

subway concession individual trip3+ buy ok trip1 buy ok

subway concession individual trip1 buy ok trip2 buy ok
30 subway concession individual trip2 buy ok trip2 buy ok 475 SCIBOBO2
subway concession individual trip3+ buy ok trip2 buy ok

subway concession individual trip1 buy ok trip3+ buy ok

31 subway concession individual trip2 buy ok trip3+ buy ok 379 SCIBOBO3+
subway concession individual trip3+ buy ok trip3+ buy ok

32 - - SCIBOBOBO1

33 - - SCIBOBOBO?2

34 - - SCIBOBOBO3+

A, L&-End HolE ol Yehd dd AE2Ee HIEE JIAEE =
A3 F, ol WHAeo R AYsty AT aHz= ofef [29 45]9
2ok 299 sadne NE A9 168A Ad Az fX3H.

Count

Action Sequence

[C12] 45] 2FEf-End H|O[E{2] o4 A|FA HIE B35} F0|
S &-End tlolE o] A5, 919 =& Farste
B

(e}
3 AH AR~ 16740 AAss o] Hdsigm 1%-3}01@. SER
HIEE olF] <E 48>0 o I} 37 Aelste] z

3 oy i
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<E 48> 2E-End CI|O[E{Q| CHE HM AIFA
SE-End CO[E{S] CHE M ARA T e

1 country concession individual trip2 buy 2,834 CCl2B

2 subway full daily buy 2,605 SFDB

3 country concession daily buy 1.005 CCDB

4 start end 758 SE

5 country full daily buy 660 CFDB

6 country concession individual buy 359 CCB

7 subway full individual trip2 buy 348 SFI2B

8 country concession individual trip1 buy 316 CCI1B

9 subway full individual buy 290 SFIB
10 country concession individual trip3+ buy 265 CCI3+B
11 country full individual trip2 buy 217 CFI2B
12 subway full individual trip3+ buy 167 SFI3+B
13 subway full individual trip1 buy 128 SFI1B
14 country full individual buy 121 CFIB
15 country full individual trip3+ buy 100 CFI3+B
16 country full individual trip1 buy 51 CFI1B
S, AE-End dHlolEds F F7F9 9 AlEx<Q ‘subway full

individual trip2 buy end’ <}
IFEHEE dFE A AJEx
olFA AT thE A Al
NA2=E o]¢t 71 AL
2 7EA o A AR
A ANE2EO X

gl

=
=

A
z:;l_

=
s

i

=3
m Fd

7

2. A E 9 AEx A% 3 2

ok k<3l

=

A BEAT AR ARG o
Ho] BHom, BAH o FY

)\O
i, S GATE AFH R of

El

kil
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2 EFHS BT v Ak o] AoAE APAT 72T FRE H9
Zo H NA2E A AAT UE JH AAXE BT FA A
3 44 o] CE 28>0l A AT NM AA2E ' A AA2Z A3
7] $lstel AT 240 we FA A AL Faio] APAZo] 7]
25 54 719 A NA2E, A HAD ' A AA2T A 3he)
o @ iAo e el RRFo RN Aol golaE WaaA
o}

>
iy
[
A\
N
i
)
i
A
N
)
Jo
>
>,
o

FAAT &, T A AT A7 fAR U8 Ao

-

A& g<Fst
e Al 3% 28| A A BERT g HIOEHE =&dh+= Wjog 271
dolHE W33ty d HolHE &8st

A AlE 2~ HolHE BERT B3-S SFAI1Z Ao+ tha3 2o oA
tole AA g dA A =&3 BERT & JolE] 2 &83lo], =AY
2 Z¥7+9] BERT B8 < SIHAAT B8-S SeAA 3= =212 A 3%
SH A AAT nie} o], BYPol A7, oA F, vpAA HIE, T o

2o

gl Aol, aga g A o

BERT 285 A4 Ald2 dlolg ol 283ttt o Aol

ofy
%

. 4714
train_losse & 23}, val_lossE AS5 23 Timed &8 <ol 283
% NZL, steps/se 2% QU0 E 314, 181 recoverys @I e B

ol zhe ofva.
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<FE 49> BERT &l =749 T} X|& gto| Sg Z1f
IES train_loss val_loss Time(s) steps/s recovery

voge LM 1.361 935 5165 642 961

0% Mpase 1141 885 5307.6 1599 970

1 1426 965 2410.2 712 949

Epoch 2 1208 894 2036.0 1183 980

3 1119 871 3435.0 1466 968

e | 15% 1214 845 27181 970 963

as 0% 1288 975 3136.1 1271 967

gt |2 1204 917 26431 1193 968

9 40 1298 903 3211.0 1048 962

Warm-up O 1.230 902 20250 1142 058

P 1272 917 20291 1,008 972
TJelw 7t o) A AR) 2zt 27 Yol A ofm AR 2o] §-
T3 AARE EES=AE HUIsH] s, HIlsta A 5= 27 o] 9]
OE =dE27E Ao dxs< FTH(aggregationstitt. ‘& ©l
@, Bl s mae] 24 olole] 2ATERE fu8 %7 AR
o zel & AAS] Gstel, HrHAA e 2AL DT F et
UHA ZAEZHEY d& A4S Hdst= Fgolt). o] Ao HAF
oA} FesE, AAuY FAge] £L4% 2L el T 4 9o
B, o ATr} 2e A4S S ATko] AA AL4E, 2% 8% A5
252 0 2o ngolet @ ¢ Yok 1 A% wye] Ar7h 25, %
3 27 Bes2 npaz] 20| 40%ETH= 15% Q w, A2 Ao} &
& welel Qolg WA we W, 11 e 27l AUe YAtAS
o o £2 AHE AT 487K 2gE EF AAT 2= [FE 1]

o =35t}

SHH, AAS o|lx3 5 AASH] st A AT Hjojx~ =d|

4613} 2ol

N

dze deisdh o714 diffs =3 57} s 37

3 1 £ 7]
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o=t kS 7123 Aolt} oS Fr] Yk, diff
ANEA F7F 3 o] Eojyr] A Ry HAF o

atoll A A 3= ¥l &(decreasing rate)S Al A ST

<E 50> o3 0o E =& X}, HAE AL HZuE| SAHZ

base, 15%, 40, warm-up

7|12 train_loss val_loss d'_ﬁ recovery
(decreasing rate)

epoch 1 1.587 912 (9'382(;) 938

epoch 2 1.257 826 ( 4'8213?%) 974

epoch 3 1.032 .785 ( 1'%31) 954

epoch 4 .988 N (2'(());?/) 948

epoch 5 946 761 (gg; ) 945

epoch 6 933 .758 - 943
1

o .o

m -

3 0.9

Lt

.2 oss

o

= i

E 0.8

0.758

Epoch Number

[T12! 46] ol =3 =~of E HE 2R
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ol ATollM FH Ax= AT AT expe} dAHy FAFS A

A, ol 23 F7F /ST 3 <
Z5E T2 Y S F JAT AUAA Z dxza = FHTG
AZ A5 238 27 Z 7 oS A AT v Aok A AA
g <E 5000 AARE BH, oxa U SR AF A FolEe
Fo] Zadte AS AT 5 Ak o] FAA ANEA 7} 504 602
g o] HE oaF 7HAhEo] 1% WTe R tE Frel Hls) dA3] &
T2 A2 903 74482 1%R8T A2, 23 7} 52 2§o] 714 A
Aty 7H33ta o] 28-S BERT stsdatz Ags gt

oFA AEF RPE VAL w4 @9 dWE HHEE Feke tE
20 v 7FA B F Max ¥HS €83t 2 H-Cancel, 29-End, 1
3 Ae-Cancel HlolE o] 3 TE A AlAx2e} ZF dlo]E oA AH
HUE A4 AARE I AJd2x B2 22 A gste], ZF A A
A2 IF9 AEFS == o2 Al 7HA] HlolE o 23d EE
AN NP2 RE FE A A2 Y] AS 73 &, 7L Ao A T o
A AA2 ko] ZAR] FAIEE AXESIA T o] A3E Bl AH AlA
of i HH A|F=E A < g, A Al A~

°
w-Cancel HlolE o] £3H RE ik A AHF2 34719}
o] A Ad2 F 3] 4 Al ‘subway concession individual trip2
buy ok trip2’® ko] IAR] FAIEE £4 Yuld RO E EE3t] &9
S A% & 34719 At A3t FoA ZAR FAE A9 10715 AA]
st obgf <& 51D o} mEbA FAR! FAEE EAZ & o tiE o
A A2 FAAA 7P ZAR]D FARRTE =& A 2 X go] o] F
AXBERE, o]y X A= Ittt AT & Ut

ANy

>
)
[>
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<E 51> oAl HM AJEAS CiE HM

—

NH20| TRl RALE 9]

subway concession individual trip2 buy ok trip2 2} AR Lo

IE o AIBA Zte] FAl SAE ¥ 1 & sz =F
1 subway concession individual trip2 buy ok 981 1
2 subway concession individual trip2 buy ok trip2 buy ok 978 2
3 subway concession individual trip2 buy ok trip2 buy ok trip2 buy ok 968 3
4 subway concession individual trip2 buy ok trip2 buy ok trip3+ buy ok 956 4
5 subway concession individual trip2 buy ok trip3+ buy ok 954 5
6 subway concession individual trip2 buy ok trip2 buy ok trip1 buy ok 951 6
7 subway concession individual trip2 buy ok trip1 buy ok 948 7
8 subway concession individual trip2 buy ok trip3+ buy ok trip2 buy ok 945 8
9 subway concession individual trip2 buy ok trip3+ buy ok trip3+ buy ok 942 9
10  subway concession individual trip2 buy ok trip1 buy ok trip2 buy ok 936 10

]_

Fahe A
g = Nz = 2o
A AlE et FFA 2, 3, 4, 6‘?4_54]101] AR A AA T SA2HE o
+ 7(subway, concession, individual, trip2, buy, oK,
2o A AE =9 7%} %AP‘EE} s AA Al
22 5 e A3E dA "ok v, A A X $ko] o] Folxjof &

I~

A7t zepEct
AuAErel Ao A9, Eeel A APzolA BE GH AA2E W
Y w BALL A L A5E FAEE SR, )
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ole] #WlsrElSl A7} 10 thE AA A|A 2o EZo|t} o5& 7t7)
tripl, trip3+, country® 7]&2] ©o F trip2 %2 country®| 17]7} thA| =
A trip2& 1) AHAIS Ao|BE o]F EF dA] HA AlA =] #HHl
TFEF A7} 1] A4, I8y BERTE ©] A= © SAE AA

NA2E A 5 Ak

—
=

iy
ofN

<E 52> O{A] oM A[RARL BfIHTEIR| ZH2[VH 121 & ARRAS| TARI FAE &9

subway full individual trip2 buy 2} Aol

HE M AlBA Zio] ZARl RAE ¥ 1 &9 gAE =
1 subway full individual trip1 buy 985 1
2 subway full individual trip3+ buy 982 2
3 country full individual trip2 buy .981 3
4 subway full individual buy .964 4

E A2 7 LS =237 Hste] o) U 7kx
°of ¥ T od Ae ALIAE AAsts AAH o] AP Hojok At o
ATolM= Hl 7HA £4 A" B T stuE Adgske Vo2 A, A
e oiE A A2 2he 2 A A L9k FAR] FARE
ol F& Hste 7 Ae @ge = WHE s 1 A
A8E =9 Bl 7 2 #he 7153 Max e S A9 st
A1 =9 oA L8 22 e UEhd Meandt Cls dHld &
A go] o] Fojxl F A AL 2k IARD FAE gho]l EA A S
37F o, ol= HE Il A iAoz W 9o JHFo] o] Fo
A A-g0] TSNS Avlstrz wAsdT. vl A 24 duld
PHo g =& AAs vud Fe [R5 2] AASAT

oz Ada A% ez AdE dg dd A2t A8 gide=w

18) Max fHld WHE Azt F4E
o] ATollAE thFe Max oWlEd HE WS A
AR FAEE =9 Beto]l 4 Max dHlld W 3hel 7}
71240 Max ol WS Adgsiith 24 Max fulde] A= 28 H 9
H5 3ol A A s
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A ke Ag AAsn B A4 Adzd AR e 9
Aol gle-2 #2Ua7] g, 1014 ZALRl fALEe] UGS W oz
S8 ‘:AR A’ B FEshanh ool 4 Adzs) Ao o2
o7l W WM AR o] BE TARL AY ghel BT BEOF, B
el S APzt M o] o] FolAA g BE hE WM AR 7o)
2l AT ghel WET BEOAE AN ofY <& 5D} 2o

<E 53> x|t A[EAQ} O|X|EH AIFAS| FARI HE| H H ZERX

Mean (sd) 2 Ek-Cancel QEH-End & =-Cancel
A& AIEA 023 (.021) .037 (.020) .024 (.030)
O|X|& A[FA 112 (.094) 111 (.089) 101 (.098)

Al 7FA dlol (¥ -Cancel, F-End, A E-Cancel) =5 #|go] o]F
o}7 MM AAA 7k FAQ Arl HEFY BFEL A7), X 3ho] o] Fo|x
A B A Ad e AR A B FEARYG H 22 g
: 19 4712 9 -Cancel @ 2 H-End g o) o] ZAQ A
2 £3xE Re ‘geplot’ FHIIAE o] gkl wle]- & FF(violin plon e
2 veRd Zlo|th19)

-
o
Y
o
o
&

19) 7+ npoled Bl ¥~ ZZ(box plov)S, H#E Y

d ZE Yol AHRASTE Y Y
EBUl= 52 HS 34 ZASATh vlo]&d E52 oy XA d2 AHEY
9} A HFS FAIGE HoA wx 223 FAlshg, v %% ] AA =
o] el BEXE yotslr] ofdus & Hgdit nlo]l&d E28& #£3 W
Fo FEUREE FHsY FEUEI 5 F2 Zo] YA, FEHUEI} W2 X2
Zo] FA 2= TS EtA Hlol &Y EEE HY dlo|E e Exel 4
od gholA B& N7t Yetge=AE Fd 4 ithHintze & Nelson, 1998).
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0.6

0.4

0:A 03

distance
distance

0.2

0.1

ﬁ
0.0 @ 0.0

allocated unallocated allocated unallocated
Cancel End

(O3 47] 2E-Cancel X! @E-End H[0[E{2] ZAIRI 2| 2

B HE QA ANF=ET EHXHE ii’ﬂ«l B A 2o 7H7h
AA A A5& g3 F= A=, A 34 449 <3 28>0 AAE U
A 71ES ALt i 4 AlE2E A8 A3 Adgs SR

2% Axto] gdAS T2 Waog 3 W o &2str] Yste], i o
A ANE2 F 2 AE A9t ofg <& 50 AeE i A
NA2ELS ‘buy ok’ ¢ 357t 2d, e@3xe] 28 AH NA~ =
7 EAR] A5 2337 WiEel, AdE 24 i 4 ANdxe
NEAS v & ¢ Aok o2 ul 7HA] thE 4 Ad et 3
ARRL A&, A &o] o] Fojzl Eejo] R AA 29k X Fho] o] Foj27
g 2 A AFA2E o], ZARD A o] B(Mean)d ®F

S 2Hsd), H4gHmin), 18] HAZHmax)S APt 1 AFE A A

- 155 - A L) ¢



<& 54> 4| 7IX| chzE M A|ZARPe] FALRI He| S

subway concession individual trip2 buy ok '\?:j)n min  max
sequence . 046
1 Alet (19 O M4
s .080
o| x| & (057 007 419
subway concession individual trip2 buy ok trip1 buy ok '\?:j)n min  max
sequence . 016
> Al on O 098
s 051
o| x| & (0ad) 004 391
L . Mean :
country concession individual trip2 buy (sd) min  max
sequence . 050
3 Al (2 O 106
s .091
o| x| & (034) 026 446
subway concession individual trip2 buy ok trip3+ buy ok  Mean .
. min  max
trip1 buy ok (sd)
sequence _ 011
4 x| &t (003) 0 026
s 039
]
| x| 2t (039) 001 .39

_04

el A E: e BT o)k PEH O 8
G OE A4 AAAE M Fo] o] ol B A AWz} XA
e B M NPARG HE FHAA B ske] KT ou @
. o2 BEE B8 o FAS A5k Aste], 2 BE G4 AL
= A 3ho] o] olxl Beje] M AAxel A Fho] o] LolX A e B
o] AH NA2E FES AT Ar] REE vlol&d E2 wx B
o EA}Y ofe (17 4819 2rho

20) sequencel : subway concession individual trip2 buy ok
sequence2 : subway concession individual trip2 buy ok tripl buy ok
sequence3 : country concession individual trip2 buy
sequenced : subway concession individual trip2 buy ok trip3+ buy ok tripl buy ok

- 156 - X &l



04
0.4

0.3

0.1 ; @ 0.1
0.0 0.0 é @
allocated unallocated allocated unallocated
sequence sequence2

o
w

distance
o
N
distance
o
N

0.4

0.4

0.3

4
w

0.2

0.1 'i 0.1
0.0 0.0 ; i
allocated unallocated allocated unallocated
sequence3 sequence4

o
o
distance

distance
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<E 55> 0|2 TEA U WOl tHE MM AIRA |3 Ho}
ID =219 AN AIAA HE AM AIEA e A=
subway concession individual
trip2 .buy ok trip3+ .tr|p2 buy subway cgncessmn |nd|\{|dual trip2 SCIBOBOBO
ok trip3+ buy ok trip2 buy buy ok trip3+ buy ok trip1 buy ok
USA1 )
ok trip1 buy ok
country concession individual country concession individual trip1
. CCIB
trip1 buy buy
subway concession individual subway concession individual trip2
. . SCIBO2
trip2 buy ok trip1 buy ok
subway concession individual subway concession individual trip2
trip2 buy ok trip1 buy ok bu OIZ trio1 buy ok trio3+ bu pok SCIBOBOBO3+
trip3+ buy ok trip3+ buy ok y Pt buy P y
USA2
country country C
subway concession individual subway concession individual trip2
i SCIBO2
trip2 buy ok buy ok
country concession individual country concession individual trip2
. CCI2B
trip2 buy buy
subway concession individual subway concession individual trip1
;rll(pz buy ok trip1 trip2 buy buy ok trip2 buy ok SCIBOBO?2
USA3 subway concession individual subway concession individual trip2 SCIBOBO1
trip2 buy ok trip1 buy ok buy ok trip1 buy ok
subway concession individual subway concession individual trip2
. SCIBO2
trip2_buy ok buy ok
subway subway S
subway concession individual subway concession individual trip2
i SCIBO2
trip2 buy ok buy ok
Zibway concession dally buy subway concession daily buy ok SCDBO
USA4 L L .
subway concession individual subway concession individual trip2
i SCIBO2
trip2 buy ok buy ok buy ok
subway full individual trip2 subway full individual trip2 SFI2
subway concession individual subway concession individual trip2 SCIRO2

trip3+ trip1 trip2 buy ok

buy ok

2 @A) el et the s 2ok AA, MEA USALS @ oA

Az elA gA Wl buy okE AWEYT AEHo= 15 £24

AE ARSI o), Sof =

Lo

‘SCIBOBOBO1” o] Fo=Att. o]

A Aol igko] AstAe] Ayt g Folet AEA Ratm Felol

289 weAde 13 exds BHFo=N 7S AS3HATHCCIIB).
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EA4), 382} USA2E USA1T AR 9 T4 ThE4), o] =
Zo] HietS 2] 95t AshEoA o] HEEHA e dY
o] 875 IR &, wAolA o] HEH 23] FAHA
(CCIZB)&IAT. 13y o] o] =gsh= HAolA 22 tigh
Qlo] A-&H 33] o] sxde ddS A]Ez‘s}oiu}h ol A USA29} =}
o|7b ok AA, 3 @A USA3E &<lo] A&4 13] 2 23] SAAE o
2 ¥ dEstaal Al =3 3(SCIBOBO2, SCIBOBO1, SCIBO2), thers &A1
a2 &1 FAMNE AAS TEFAT UA, vpAHoE 3@A USAd+=
ANE AA Y5 F33F F(SCIBO2), ZulE elo] AL dd 53}
Ao FAE AETSZH(SCDBO) HA 9| tieks 2tz o8 7HA =1
9] %ﬂ%ﬂ% H| a3}FA] &= Ef‘»‘}?it} o] I FPA= ERlo] 284 éi}:ﬂ OM

4
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b o
r3
_‘d
P
ok
2

lo
%
wn
22
N
J-IJ
et
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I
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i,
ofy
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)
o
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.
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<ZE 56> et= mEAt CHA Hel SOS OfAl

D Sequece of Sequece: SOS
KORT1 SCIBO2 SCIBO2 SCD SFI2 SCI3+ SCD SCIBO3+ SCDBO SFI2BE
KOR2 SCIBO2 SCIBO2 SFI2 SCIBOBOBO3+ SFI2BE
KOR3 SCIBO2 SCIBOBO2 SCIBOBO3+ SCD SFI2 SCIBO2 S C SFI2BE
KOR4 SCIBO2 SFI2BE
KOR5 SCI2 SCD SCIBO2 SCIBOBOBO3+ SCDBO SFI2BE

N

B Aol =23 g gttt olsdd et Al dE2 o
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AR, KOR12 AN Z AN FEe FF F HH9 tde] 2 = =
85& 2l (OCD, SFI2), &<lo] 284d 33 sxtde av& &Us)
JSCIB3H 4 FAdEY ¥ APT 33 sade Tde A= U
(SCIBO3+), 1 thxo= H A9 thetelzt A= &elo] 288 4 <+
g o) S A=(CDBO)R €l Aiel =26ttt o] vdas HA
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£, KOR2E ANE A4 BF F Folo] 857 ¥t 23 2329
23 FAsG e, Tolo] A H 35 o) ge] AU aFol B A
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= = L =
Selo] A ERA W SAAL MARAG. T of HPAE AU
A9 8FE FAAL W] WRo] TUHY W HYE BB
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Aol 2@ dPAoIth o] AP Ak 2 MAANT ANLS F
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>

o

CHAL A, nhxleto. 2 KORSGE EAIs)d 342 27| 7E AANE XA A5

& FaA 23 qF P Ot BE Mad ¥ £4A8 Ausar.
B Felo] HEHE 2AA WFE FAAT Y AYI S X
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AA A A A AFEAR, ©olF SOSollA A A|A29 91X
H FYo] FRIAE dEEth A A Adzde FFHOE Cstart’
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A 3. 9@ EAE AA e A

At EAENAE AA o 54 Hotstr]
g Z2A 2 vhold BAE APAtet gzt HlolEE v X3S
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=
in

S
>
ne
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=
o
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fru
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SOSE 7128l W S05e) Aol 5.28%, o= AALe] SOSel
Moz 528719 GA A2 TFH AeS JEATh B A
7b o3 S0S¢| Aol ke 52, WF vlEk PoE bl SOSY
7 | gol AP WEE o) R YAk ol (1Y 491 HFAe
SOSE FRWE 1 golo] BEE Lhehl Zlolth Aoz} 621 S0Se] FF
b Mg el HBHUSES FAY 5 %lt}. BRAEE A <E 15504
W 7hA A Az o)A Rt

A7 dehges & ok
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S
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)
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24 W A2 GE AHAF A9 B9 S05Ee] L
1 3

TE =9
A kel }.Jﬂﬂ‘r SOSe| Zoj7} 3¢ o /b Be Wlxel 2,233 &
s AL 20% 7hel oﬂﬂo}” olg°] AFg AEI77HA

Al e A AF=E Adsdee ordth ol oA 1489 <& 15
ol A ?i]:j‘?‘?l gl EAA2 #AGol st Wl 7

5709 GH AAAE F12E AFAES T AT INE AW 9
o] MERT O EQed), ol E 15>014 AFE 2 ohae] AeA
So] Aol EFEAAA 2L YEL WESAY TPl aTsHE A
A9 $U5 O BE ¥ VFS S F AUES A8 48200 o
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- 163 - 2 A _, rj] &



@, SOSE AW R7) Mol Zzke] FAlH we] M AAzs} A
£2 WgAeo Fa ofd (19 5119 2 ©e) A4 AAx
SOSE TASHE ole] M A2 F @ le] M ANA2E o

ol

SciBO2 - I
SFI2BE - I
SCD
SCDBO
SCI2
SFI2
C
SFD
SCIBOBOBO3+ i
SCIBOBO2 Activity Frequency
SF
SCIBO3+
SCIBOBO3+ 12000
SCIBOB(S)?
SCIBO1 g
SCIBOBOBO1
SCI3+ 4000
CClI2
Scl
S
cC
SFI
SCIBOBOBO2
SCl1
SFI1BE

Activities

CF
SCIBO

0 5000 10000 15000
Absolute Activity Frequency
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ANET & HAE SYste A4 Ald, S AAE AA 3F<d SCIBO22
H== 15,000 oo g2 Fgate] (111435 dojslr]el, o] 44 Al
25 3 ARE AR Gl A Al dsts AEAE] v e

d F 9tk Loz ol AFgH gH AFEaE AY AFE P
SFI2BE<} SFIIBEE A28t SCD9 SCDBOZ uvebyth SCD2F SCDBO+=
TSy e HolA oudtE vy A2 g2t ¢4 SCDE 337} o
oto 2 A;ZIE 4= e Flo] AeH Y 2o 278 8213 &

&g FYsts 6@?&0]%1'4 SCDBOE &<lo] H&d AU HdL oy
e AET F AXNEE HE A vAAE Ya HALE FYste A4
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SCIBOBOBOZ+
SCIBOBOBO1
SCIBOBO3+ Absolute Frequency
10000
SCIB0BO2
7500
SCIB0RO1 £ 5000

2500
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ol F& 8 WAL o E ol EtA] Kot B s WEEH
U 71710 77F RS T A Bt A A ESEEs FFoR &y
g < Atk

AR, SCIBO2E A W3 o]F HARKSFIZBE) .2 HI3 AHASREY,
A AR SCIBO2E Al AR AgAabEe] TastA ¥ Btk o
D HAx 24 WAIA ] orE Az olsistA] XA, (2) Aol 8
of2 o] AFHA Fe AT BHLE T} A A A
EEAY, ofy™ Q) A EHE AL 24 WAIAE BA glojBE = 3
Y Al kA AEFe=m siHd & Atk

UlA, SCIBO2E A &3t # Hl2 s dAd AldzoM ddEe A=t
FAZE wi- Bkt ols HAH Y sade 2] sty R =3oA
o a5< vus) & F Wid 240 ofyr] wiol, EUEFE A A 3
ol o] Fo| X Zlojgt B7] off{t}. gAA, Ha 87 WAIATE A E S
< o, o5 AlE 22 SCD 52 SCDBOE Al gt AGA7F thg A =Y
th. SCDBOE A3 A @a= et 855 Z493tal #H4s+= SCDEG
EYUEE 3 9 g o] FEeivta & 5 AR, 235y Ha oA T
NAE AAREFozH ERlo] 88 EE T/ 859 sade 24
g o Ha 83 AR AAETE /\P < g1 AF(SFI2BE) =
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& Aol e vl ARATE obF Ha 2 A WAAE T
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<E 57> MERIQ| Hlz A2| SOS 2274
N HERo| Hiza SOS BE
HE  dlg

1 | scBO2 | SFI2BE | | 907 | 8.14% |
2 | SCBO2 | sCBO2 | SFI2BE | 880 | 7.90% |
3 | scBO2 | SCDBO | SFI?BE | 207 | 1.86% |
4 | sCBO2 | sCIBO2 | SCDBO |  SFI2BE 179 | 161% |
5 | SCBOBO2 | SFI2BE | | 135 | 1.21% |
6 | sCBO2 | SCD [ SFIRBE | 109 | 98% |
7 | SCBO2 | sCBO2 | sCBBO2 |  SFI2BE 101 [ 91% |
8 | SCBOBO2 | SCBO2 | SFI2BE | 85 | 76% |
9 | scBO2 | scBO2 | sCD |  SFI2BE 68 | 61% |
10 | SCBO2 [ SCDBO | SCIBO2 |  SFI2BE 67 | 60% |
11 | SCBO2 [ SCBOBO1 | SFI2BE | 64 | 57% |
12 | SCIBO2 [ SCBOBOBO3+|  SFI2BE | 62 | 56% |
13 | SCBOBOBO3+ |  SFI2BE | | 62 | 56% |
14 | sCBBO2 | sCBBO2 | SFl2 | SFI2BE 50 | 53% |
15 | SCIBO2 [ SCIBOBO3+ | SFI2BE | 57 | 51% |
16 | SCBO2 [ SF2 | SFI2BE | 47 | 42% |
17 | SCIBOBO3+ |  SFI2BE | | 47 | 42% |
18 |  SC2 [ sCBO2 | SFI2BE | 46 | 41% |
19 [ sce [  scD | sCBO2 |  SFI2BE 44 | 39% |
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| 20 [ scBo2 | scD | sCIBO2 | SFBE | 44 | 39% |

| 21 | scBo2 | sCc2 | scBo2 | SFPBE [ 43 | 39% |
| 22 | sSCBOBO1 | SFI2BE | | | 42 | 38% |
LS| 30.11%
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T A7 EUE ™A v 3 glo] AR EEsdee & U
A, o2 B2 FE AAT 2¥ SO0S(7.9%)= SCIBO2E Alggt &
Aol =23st7] Aol SCIBO2E & ¥ ©] A3 AfolBZ o]59 &4
jd #AAF& 1¥ SOS¢ fAkstth o] F 7FA] SOS(1, 2¥)+ A A e of
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(SCIBOBOZ, SCIBOBOD A3 %k & Ago g HIeA=r, A4 873 WA
A8 HAa HES FYs e ANE UEA G Foi3] FabolA W
o de A=’ Ag-ehe AHolA 29 SOSek frARsty Afol o] 1A,
= 717198 &% AA NN LF77F TASATAL A8t A=
BArEE A48 = ¢ AH.
oAA, 12, 139 SOS+ H4& 873 WAIA7E 87ske e waxA] ¢
FoA oA s HAst EdE AEste BE S 23] o MY
g Aot ol A tite Zof v Bt ALGste] Tde
ANEsE e, 1 Ao dd saEE LHEA Gt Mol =
12 SAolX ZUE P vbgdo] & o] FojHntal HY] offt dd <
H S 138t oy v eakd 2539 Blal flo] Sxtz dds A
SOSE frASHAl s 4d = STt
o2 TAA Aol o= FEo EUHFP I W o] e
73 £ A9std e 2o EUHP I v o] 7 A
OS% 6, 9, 19, 200l siF3et. ©o] FolA EYE P} WA g ol
7 & Eeld SOS+ 6™ otk 61 SOS+= Al A A &5<l SCIBO2E
A 33k ? SCDE Al s, dHFo=2 7= HAolA & satdd
Sus FAFozH Ut AESHs 4Foz siddn. 9, 20 SOs=
SCIBO2E A&3 & SCDE Aldstr] Aol SCIBO2E 3 W ¢ AdF 73
folmnz 63 FASHA s 4 Stk 199 SOS+ 6, 9, 201 3} 2o
EUE P v o] o Fo HAIRE, EAle) A HF S AleH A FH
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g o]F HA FAdolgtn AT thE HH AlEzA HEGS
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-85l ofgl [ 54]3 Zo] A Al HH(Janssenswillen, 2020). o] =2
A2 e 2271A] SOSE A3k =4 30.11%2] AZAFAA A JeG SOS

S = AL 2= HA9E AYsE Aotk 2 BH AP AR Yo =

= Ao =E RT 0T = E] X

A= T A ANE2TE AgE HIEE ousta, JH AdEx 1 94
SEE 7 A4 AE2T) bR JIAE Y AP EHAS HERH, =7}
=942 TA BASY

SCDBO

453 453
1329 / 386
n SCD
3CIBO2 177 T 177
2518 | 509 il \- SFI2BE 2738
85 2040 2738
Start 290 /
135

SCIBOBO2
220

[O2! 54] MEXIe| HIEZ A2 SOS 227He| =2 M| A ¢H

aH Y A9 H= 22712 9] SOSE AA AgAte] oF 30.11%7F Alas 4
FGolug ojZo g BE HEAE AP ria sr]olE AH el Atk
FoA AHE 22719 SOS F 15707F AAIE A A d5< SCIBO2Z A2+
Ha QJa, [2F 4918 B3l 2ol 6% SOSe FF/7F M wee
Aom, [19 501 %3 Ze] 30 S0Se| w=rt 714 =4 YE
Felatgong R Ao ZFEA FRAR UEbE & e o
TANA dss A¥E Fa7t Aot oo SCIBO2Z A Zt3}od

SFI2BEC] =23, A AgAe] 14.4%7F A3 2ol 39 RE SOSS
S0 2 YehH ofef <3 58>3 Zth 3o vpx|ut def 7|55 H
o]H 3 =HE& WEAF)=, & SCIBOZF A& A4 Al 221 SOSE W ol A

o Hgg AL Aol

ol
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o2l
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<I 58> SCIBO2Z A|Zfsto{ AT SFI2BEOI =EHst 20| 3¢l S0Se| =5
SCIBO2, [MASK], SFI2BE [1,609%, &[] 14,4%]  Z0| Hz  HIg

1 SCIBO2, SCIBO2, SFI2BE 3 880 47
2 SCIBO2, SCDBO, SFI2BE 3 207 129
3 SCIBO2, SCD, SFI2BE 3 109 .068
4 SCIBO2, SCIBOBO1, SFI2BE 3 64 .040
5 SCIBO2, SCIBOBOBO3+, SFI2BE 3 62 039
6 SCIBO2, SCIBOBO3+, SFI2BE 3 57 035
7 SCIBO?2, SFI2, SFI2BE 3 47 029
8 SCIBO2, SCIBOBOBO1, SFI2BE 3 31 019
9 SCIBO2, SC, SFI2BE 3 28 017
10  SCIBO2, SCIBO1, SFI2BE 3 23 014
11 SCIBO2, SCIBOBO?2, SFI2BE 3 17 01
12 SCIBO2, C, SFI2BE 3 15 .009
13 SCIBO2, SCIBO3+, SFI2BE 3 13 .008
14 SCIBO2, SFD, SFI2BE 3 12 007
15  SCIBO2, SCI, SFI2BE 3 10 .006
16 SCIBO2, SCIBOBOBO?2, SFI2BE 3 7 .004
17 SCIBO2, SCI2, SFI2BE 3 7 .004
18  SCIBO2, CC, SFI2BE 3 5 .003
19 SCIBO2, CCI2, SFI2BE 3 4 002
20  SCIBO2, SF, SFI2BE 3 2 .001
21 SCIBO2, SFI, SFI2BE 3 2 .001
22  SCIBO2, SCH, SFI2BE 3 2 .001
23  SCIBO2, SCIBO, SFI2BE 3 2 .001
24  SCIBO2, CF, SFI2BE 3 1 .001
25  SCIBO2, SCI3+, SFI2BE 3 1 .001
26  SCIBO2, S, SFI2BE 3 1 .001

$1e] <z 58>l LpERE o] 321 SOS Fol A AAE A4 A% ol ool
2 49 a7e vasts RUHYT w4 FAo] Sed ASE 3,
7,14, 17, 19, 22, 259 SOSg o™, o] FANE Folu g tighg Zro} vl
WE AeE 3, 14, 22, 25¥ole T & ik
oo, AMNE AA WF SCIBO27Y obd THE @ AAAE B
sAde ARsE 35S Tl 24_01 4 ow.cn SOSE ol < 59
MEEow AAFA. 7 &
7h ol 58 QA ER A b
72} 249} 59 ASue A }oq A 10}014
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<& 59> FEAtS| of2] JHX| AlZf M A[EALL 20| 3 ofgel SOSe| 22

SCIBO2, [MASK], [MASK], SFI2BE [1,249%, X2 11,2%] Zo| HIE H|E

SCIBO2, SCIBO2, SCDBO, SFI2BE 179 143

SCIBO2, SCIBO2, SCIBO2, SFI2BE 101 .081

SCIBO2, SCDBO, SCIBO2, SFI2BE 67  .054

N

1 4

2 4

3 SCIBO2, SCIBO2, SCD, SFI2BE 4 68  .054
4 4

5 4

SCIBO2, SCIBO2, SFI2, SFI2BE 59  .047

SCIBOBO?2, [MASK], SFI2BE [168, |2 1.5%] Zo| HE H|E

SCIBOBO2, SCIBO2, SFI2BE 85  .506

SCIBOBO2, SCDBO, SFI2BE 16 .09

©O© |l o N>

3
3
SCIBOBO2, SCIBOBO3+, SFI2BE 3 15 .089
SCIBOBO2, SCIBOBOBO3+, SFI2BE 3 9 .054
10 SCIBOBO2, SFI2, SFI2BE 3 7 042

SCI2, [MASK], SFI2BE [56%, & A|2| 0.4%] Zo| gz H|E

11 SCI2, SCIBO2, SFI2BE 3 46 821
12 SCI2, SCIBOBOBO3+, SFI2BE 3 3 .054
13 SCI2, SCIBOBO3+, SFI2BE 3 3 .054
14 SCI2, SCIBOBO?2, SFI2BE 3 2 .036
15 SCI2, SCIBOBO1, SFI2BE 3 1 018

SCI2, [MASK], [MASK], SFI2BE [162%, MA|2| 1.4%] Zo| Hl= H|g
16 SCI2, SCD, SCIBO2, SFI2BE 4 44 494
17 SCI2, SCIBO2, SCIBO2, SFI2BE 4 24 270
18 SCI2, SFI2, SCIBO2, SFI2BE 4 8 .090
19 SCi2, SCD, SCIBOBOBO3+, SFI2BE 4 7 079
20 SCI2, SCIBO2, SCDBO, SFI2BE 4 6 .067

SCIBO2, [MASKI, [MASK], [MASKI, SFI2BE [908%, Z&{|2| 81%] Zo| BlI= H|E
21 SCIBO2, SCIBO2, SCDBO, SCIBO2, SFI2BE 5 32 035
22 SCIBO2, SCIBO2, SCIBO2, SCIBO2, SFI2BE 5 21 .023
23 SCIBO2, SCIBO2, SCD, SCIBO2, SFI2BE 5 18  .019
24  SCIBO2, SCD, SCIBO2, SCDBO, SFI2BE 5 16 017
25 SCIBO2, SCIBO2, SCIBO2, SFI2, SFI2BE 5 12 .013

O FAA oz AR, SCIBO27F A12F 4 Al 2ol WAl Zo|7} 411
SOS+ 2177FAI e, thA = Zo] 320 SOSEH} FAMSE Aegs FAlstH
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A A A o= SCIBO27E WHE &= 7 3Fo] vEbsth SCIBO27F A&k 44
A@ 2ol Aol7l 5% SOSE 4797 AR, °1 & 5 49 WxE2] SOS
E AuRY o] 421 8} frASHAl SCIBO2¢F SCDBOE W Z&o} A3 s}
714t SCIBOZ2E 43] A &g 3971 bdde 28t ol 38l °l=
Z tthgre] dolvt oA E o]fE F2 SCIBO29 SCDBOY} HEE-& o
ANFE7] dE2LS AT 5 Ak webA B2 A S0Se] Aolrt Ao

© HA g@ebe 3] flste] g =AM sAdE W

A SCIBOBO27F A%k 4 A9 221 el 3¢)
SOSE 267142 QA ] 15%A L, o5& AR H7 o) leke g3}
3wl ng s AR glol, A4 24 vAAT} ek weit 7] &9
A = Aol
3}

4
La%el sgRom, dol 381 At fag BANE o] tekkA
F8% Aolgel 9l SOSEe] WAHAEUG, 18, 19%), ¥ 71 el
et HES FYsAckE Yolth 53 o5 BANA By Agstu
A HHe) $AAE 27) Aske] Ad A WAAE ALY ARE o
oz Me] £ 9 Fe Masos BolA, Felo] HAgH 23 %

[} R
A 255 gQlste= AGCIR)e] A&l wet $a3% RUEY 5] 2
F 9ee gastan
AZAA A E G

27 oM ARAA
HER  HAE XA dS SCIBO2
MEf2  &olo| M= dd SAHH LA A= SCDBO
M2 J|ZE MEH HIE = SCIBOBO (1,2,3+ &)
M2k J|E olsl 14 W= SCIBOBOBO (1,2,3+ Z3})
Mzk5 ot HE gl H|m SCD, SFI2, SCI2
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o owAd 3% 543 U A

g0 ouAd HolHz ZzH2 vlolde AU T2A s
vlold B4 ATE AWR, 1753390] 68967149 NE ThE SOSE
71 %3stieh W S05e] ol 3.160]H, @47} 1el S0Se| Dol A
S oBACOR MUAAE A9 ¢4 TUUL 22, W UT AolS
71 sosel 1 1:4 ge Hx

@ % 2938 E9h. o (2
9 5512 9ol SOSE ERUE 1 Aolsl RES el Aoldh 13
& %3] S0S¢ FREE Aol7h 49l AT b wol UEde T
& 9

count

1000
500 ‘ ||
o W IIII..--
0 10

Length

[O2! 55] @EHXIS| SOS Zole| 2x

obef [ 56]2 A& SOSe| 2o W=Z yehd Aolt}h SOSe| 2
ol7} Eojd4E AFH = Nxrt Fol=& o] YEGT SOSe o)
7F 1Y o 7P 2 W=R 6,356 0] BEEA =, ol A ow7At
17,5338 = 6,356 21, °F 36%7} © 3 /o] AM AAX1AE AW T &
AN 44& FTEIATS r st
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SOS Length

[O8! 56] 2E At SOSe| Zold Hl

H

Cl

HI
H

Ll

g, SOSE A BE7] Mo TA 2] &9 A AA27F AgE Nis
Ao 2 AYstd oty [O9 5713 2ot LEAEE AGAES ¢
A2 AANE ZA 35<l SCIBO2E 713 Wol A3t 121} o]
1=& oF 1250002, o oF 17,5008 9] ov4 % 34342k 12,000%)
7F AANES A oldlstAee HoFARE ym A oF 5,000 & & HAt
CIBO2Z A 33tA] ekat7] W&o AA S ols)stA E3lHUSS B
oAF= Ao= sttt 5o 2 gol AE A4H AH 2= SCDBO<}
SCI2, 183 SCD w02 UEhtth o)t SHASE ARASTH FAS
AZHE FYPslrl= oy, Aol =Lst=t AAsdaS A5 &

=
A= otk
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bl _,AEIE
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SCIBO2
SCDBO
SCI2
SCD
CCI2B
SFDB

C

SCIBOBO2
SCIBOBOBO3+
SCIBO1

SF

CCDB

SCIBO

SFD

CCI2
SCIBOBO1
SCIBO3+

SE
SCIBOBO3+
CFDB

S
SCIBOBOBO1
SCI

SFI2

SCI3+

SCI

CCD

CCl1B

SFI2B
SCIBOBOBO2
SC

CCIB

CCI3+B

SFI

CFD

SFIB

CCI3+

CFI2B
SFI3+B

Activities

[1&! 57] QEXIIL Al&#EE A|ZAQ

0 5000

it > O
e
rO
o
»
ofo
i
DN
tol

10000
Absolute Activity Frequency

Hd, = A4 /\]i/\ﬂ- SFI2BE =& SFI1BE<]
9o, oA AL e
22 A M e

NEE

Hel <

Activity Frequency
12500

10000
7500
5000
2500

HlE &2

[e)

=

F 7 E YEuE A
B 44d AlEz7F Y

AlE2E weA

R

+31¢ TAY CCI2Bolth. o <E 61> S5
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dE WM o O [ BE oaW o &

R E S = I T i3
1 CCI2B 3,067 A7 6 SE 809 .05
2 SFDB 2,605 15 7 SCDBO 704 04
3 SCIBO2 1,952 11 8 CFDB 660 .04
4 SCI2 1,352 .08 9 CCI1B 437 .02
5 CCDB 1,005 .06 10 SFI2B 409 .02

3, CCI2B7} AA 5 A2 FoAA oF 174%E AA

KR =
= ar

Fe ¢ Ak ole M BE Fo) 9EA
=

beol Hgre ANTL 2
Ak olsisia RHRAAL AsHE] AL WAk s FFYol
= weHelA] Belo] AEH 23 AL AHQ vherolekn Y2t
oge AEHYSS AL F WA ol AFH oFe 2@
14.8%7} A @& SFDBZ, ¥elo] 2§57 i 28 Fade] ofd U
AL BASEA AP =T ok ol B oY 2ANA
A0 83 Mwse 5L A @I G4 HHRPS HsAol
Stk ol wel AZF eHozE Belo] AW WAH AY FAAL @
ASALHEE 5.7%), Felo] HEHA ghe molde] Y S2UL BU

+ 7A5(eF 3.7%) Fol AU
o] gJo= NIk =9 6%l slFst= 8099 (F 5%)e] LHA= EA sl
HA4-e AFsAnaL e8], o] A Al SE(start-end) 2

e
<, 282 TolA AgE AEshA &2 A
=]

i

mt o

o o i

Ak
TE A ANd2 FA Al 1A HI=(eF 11%)E Uebd SCIBO2E, &
5ol i
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BANAE e R0, ok B4 B, 93 gk e BFo
= 3 St 29 o YT o] Fo ANHE v

A= EA FFL AT PAS B FohhA Ttk Mol o)

JUE, SFABAAL FRAS FAT AFH PFo| Yepons
s EASA BAEL Balel o] TRAAEAS 4R Bast 9
o mebd ggate] sk nhAskAR obe) (1Y 5819 F M A
2 9L 54 A2 A 482 GEO2 ANT A2 NA2} F43
EAE AVt 394 9 B VAR, 074 F9 1% o]
ol MEsk BED A9e 2HSAL

s i

SFE
SFI2B

SFDB

S
SE
SCIBOBOBO3+
SCIBOBOZ
SCIBO2 IE:::II
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= =gebA] Zska SCIBO2E wbasiA Aldsh= 397k 78 Wk
i, 0 o Re 2¥e R s deo] 52 NER YT
Azpe] A, B SHASC] FAMA Sl AANH= AL 84 w4
Aol omE elsiatA] Xsha HdskA X9 dijke @ete g AEsi,
T A, A R RS ke W EASAE TS HE <

r itk AR, JEAEd= =A SCDBOE Aldstal H4 83 wAIA]

E AANLELS Fol= dit 259 At e S EE A, Bk s 9
A

BE FHs] &nt

%
HASE Hi2ol o

—

27.6%), ARE SC2E AWsHTHE} 10.4%). o= 9o [19 57114 4

s o], 4ol egASo] FGAst vHIAR ANES 91

JAFIL Yee HeAETE o] F W SN, ci7lo] H3A Faha
2 A3

N
183 oRAEe HSRE AANES olsshA 23

e H AAx
3 gRE A2 v 2 5 Qo

JRTE 9 RA} wol 4ad SOSE FolAA Amns] s, S0S7}
54% NEE UFAeoR Fstd ofd (17 5919 2tk oWl
BgAre] 750 PP, S SIX o) Y ARG TAES JFO
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Count

FEso2s=22inEREE2e2dBREE R0

owom Do B3 B8 EH 3B EEE B8 8398384843

IR 5 EO . I .2 O e L ¥ B ¥, O .2 R ¥, T ¥ = S . TS .2 R e IO .2 S ' B . R "o B T2 B e ¥ v
SOS

o

2

(12 50] Y= wes MBS EXe| £ S0se| A

N QEIXIS] HIZZ SOS EX

1 | SFDB | \ \ \ %3% \ 5He!4%/
2 | sce | \ \ | 935 | 533%
3 | s ] \ \ | 809 | 461%
4 | ccoB | \ \ | 353 | 201%
5 | scBo2 | \ \ |3 | 1.94%
6 | CcFrB | \ \ | 37 | 181%
7 | cceB | \ \ | 309 | 176%
8 | SFB | \ \ | 284 | 162%
9 | scBo2 | cciB | \ | 222 | 121%
10 | sciBO2 | SCiBO2 | \ | 218 | 124%
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| 11 [ cos+ | | | | 146 | 83% |

| 1 [ cciB | | | | 146 | 83% |
| 13 | scBO2 | sCBO2 | CCRB | | 135 | 1% |
| 14 | scpeO | | | | 128 | 3% |
| 15 | ccB | | | | 126 | 2% |
| 16 | scDBO | SFDB | | | 107 | 61% |
| 17 | scbBO | cCCDB | | | 99 [ 56% |
| 18 [ scb | | | | 98 | 56% |
| 19 | scBO2 | scBO2 | sciBO2 | |97 | 55% |
| 20 | SFi3&+B | | | | 2 [ 52% |
| 21 [ s | | | | 2 [ 52% |
| 22 | Ccre+ | | | | 87 | 50% |
| 23 | sci3+ | | | | 85 | 48% |

5 35.10%

19 <F 6224 & F Axol, 7MY B WET YERY e o E
7Ne] SOS& BT &/l HH AF2E o] Fozl,

ol B o 2gAEodA HAEGAE thEA it HE E vl &
& 5ol o] FoARA] Fom, Ao AAE AN WBES 3HA S AH
ANA A tE HAYxE MYt s KSEFDB, CCDB, CFDB,
CCI2B, SFI2B), w&< Al&etAtntal F5dte 74 -9-(E), &2 dijks 2o}
WA= A% glo] F83k= 72 $(SCI2, CCI3+, SCDBO, SCD, SCI1, CFI3+,
SCI3H)7} BoS RAFth £5 A AA2=E 714 Zo] yehd CCI2B2}

o
o,
N
N
p—
o
w
S
wn
o,
2
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SFDB®] 73-%- Ao]7} 121 SOSol A Al d 7971 Bohe AR oA 1] Fo
£ o, 1% Be o'qAe] FAMA HAAZAA Ha 8F WAIAT AAE
o|Z oo UElE + e EUHP A v HAo] o] FojR A o, A
SHE AANES ZE oldlg A7 B2 & F Utk AR (FE 62>
of Yehd o5kl 49 M= 2371¢] SOSell&= SIBO2, SCI2, SFI2, SCD %
T 0 oldel A AH2TE A ABE ASE FolE & glth

o] <& 6200 AAIH 237121 9] SOSE Ea S¢ld A3FAHS BT} 7HA|
Aoz w3}y Yot Z2ZA2x WE oty [1Y 60]34 o] A AR

.

[
A

[O2! 60] REK}e| HIZ Akl 2371X| SOSe| —=M|IA 2
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Qo] T A2~ We 23717 SOSE A3 F+
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2 35.10%<] L H A AlA

S h
Uehd SOSE F HEAS 2 498 AL golth 7 A4 AAxs A
A el e T AH ARzt AYE NEE s, GH Ads

A wEE T ood Ad2s) v At AuwE AL e,

A AFBARE AFA EZ3 FFolA EAMAS A% g A

Ha, ANEE &5 olsfsta AU St

£ 291 SOSE9] BERo2NEE Q§AEC]
&
4

o

e AR FYH A0 Holt QHAEC o0
£ Agjo] ur) foln@ Aol BRHAUL o
oNAM A% b T 7bA e A% e Al

2 yeofstr]ele oE o] At o), ¥

f=)-NeR

1=

b

]

jud
==

s}

>
O;Oé",

o M omp T lo ok oy

2
of =
Fef <

=
A

$ e

O
-

sk ol 3 o] SOSE M=o s 77 57HAY A

<E 63> LEXIL| o2 JIX| A|&F AR A2l 20| 3 0|42l SOSe| Ex
SCIBO2Z A|Z}sl= SOS [37719, MA Q| 21.5%] Zo| gz H| S
SCIBO2, SCIBO2, CCI2B 3 135 035
SCIBO2, SCIBO2, SCIBO2 3 97 025
SCIBO2, SCDBO, CCI2B 3 63 016
SCIBO2, CCI2, CCI2B 3 46 012
SCIBO2, SCIBO2, SCDBO, CCI2B 4 43 011
SCRZ A|Ztst= SOS [803H, F A2 45%] Zo| gz H| S
SCI2, SCD, SCI2 3 54 067
SCI2, SCD, SCIBO?2 3 14 017
SCI2, SCIBO2, SCIBO2 3 10 012
SCI2, SCIBO2, CCI2B 3 011
SCI2, SFI2, SCI2 3 009
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SCDBOZ A|Z}5t= SOS [577FE, ®AQ| 3.2%] Z0| = HIE
SCDBO, SCDBO, SFDB 3 19 032
SCDBO, SCIBO, SFDB 3 15 025
SCDBO, SCDBO, CCDB 3 10 017
SCDBO, SFD, SFDB 3 9 015
SCDBO, SCIBOBO1, SFDB 3 8 013
SCIBOBO2=Z A|Ztst= SOS [480%, A2 2.7%] Z0| = HIE
SCIBOBO2, SCIBOZ2, CCI2B 3 20 041
SCIBOBO2, SCIBO2, SCDBO, SCIBO2 4 11 022
SCIBOBO2, SCIBO2, SCIBO2 3 9 018
SCIBOBO2, SCIBO2, SCDBO, CCI2B 4 8 016
SCIBOBO2, SCIBOZ2, SFDB 3 5 010
SCIBOZ A|Z}St= SOS [251H, HA Q| 1.4%] Z0| = HIE
SCIBO, SCIBO, SFIB 3 20 079
SCIBO, SCDBO, SFIB 3 11 043
SCIBO, SCDBO, CCIB 3 10 039
SCIBO, SCDBO, CCDB 3 9 035
SCIBO, SCIBO, CCIB 3 031

ol MEHOE AMEA, 7 B2 AZ dH Ad2+ SCIBO2E, &
G2k 21.5% s Fstdtt o€ F W2 CCI2BR TR5E, UM A vt
SCIBO2E H@ete AZFstA] &1l TESIAT ol 5 NE7F 7H =34
SOS+= “SCIBO2, SCIBOZ, CCIZB’ o|t}t. ¢o]&2 SCIBOZ2E & W ©] §h&E-g
T, wedeA Eelo] HgH 23] sAAS HHs e AXE dds vl
Ao Z BRIt o5 YEUE ti¢tES AE3iH o} 44dstA] &2 tich
< Aegsid o, s g UdsEde] HuE A fgornz U
B B o] AR o] FojA A &ttt HrrE 4 . SCIBO2Z
A A= SOS 5 7 MAE Bdd A2 SCIBO2E Al ¥ BEE3 & F5
g AAT o]lE2 EASE T AAEHE HA 8 WAAE g3
T HAAE FY% § 22 AEE AESHE g9eke AEIE 27)8)
Aoer g, o] Fdgo] SF3t= vhE AUE oldlEtA £ H¢=E 3|
SRIN=
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SCI2 o] %2 Y= A Ald2E T3 A Aldx

s ddEy] A vl FeolA=AE Hdd = 4 Aok ol::: +
7} R=7F % ‘SCI2, SCD, SCI2° + & -

A wk glel, 3 AAoA HAE FYste A AH2=E A W AR
H TR W2, HAH Hde Fode g=rt Ao ofd o
Qbo] HHRIANE AASA Eata £71¢ Ao 2 Bt} SC2& A &3std
A REZF I 508 52 SOSE o8] tiks vl & 2dS AEskg]
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7F A A il Al 2]l S

o] YehH, T st < A= 84 AR AA
A e dwk ey ol 4 A e T TE A E R,
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o] At

o] 9ol = W= g wgto} SCIBOBO2ZE A &Hek 749 5 WAl AA
AlE 22 SCIBO2E A BFo =M, b AT tehe

Hop 22 2304 S AEsits 540 5322 Yeyt. vt
Aeh dAl= SCIBOZF AlZF A Al 2] 7ol sigst=tl, 3 44
H2zolA 2 de 3laE AdshA g 2 3
T Stk

kA e gAbEe] Aol AeiE AAEE olsistA XA A
HAReE FARRE EASE Age BRAvEE F3b 278 B¢

= & ATk oS AAEel &8k vl met EAEAE A= Al
Ak o, Fitol AAEE Ha 84 WAA S WE& ols)stA]

A A S FRAY 7S AR FeE wHEsl. 7HE A
ek 2] 98k dicke vlwstaua k83 e qASE Qo o]
< H@et AEel AufsiA dA 2rlse A

R 63> F3he] e oA EAsd ts 3 s A2 2
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El do
i
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g 8 A fASY, LRASAAN A% BLA CCI29 SCBOE F
hat st

<E 64> QEAIQ CIM 7hX| e U M2t S

=7 oM ARA
M2H  HAIR XA S SCIBO2, SCIBO
MeR golo] MNE5e= gdd sAk 23 Al SCDBO
M2 J|E ME B2 s SCIBOBO (1,2,3+ &)
M4 7|Z= ofs D W= SCIBOBOBO (1,2,3+ Z&)
M5 et HE H HlW SCD, SFI2, SCI2, CCI2

AaAel il 7H4 U @ A PFolt 2EA ot LA
Hok AE 2 vlm PEel TdE CCRE wMIA Felo] e 23
FAe 872 AU F ALE 2YsE IH AA2AH, o= A
E At 9o WRe] 2ok el Al teke ohdth 1y edAS
e o GA NP2 b5 Titelet HEHAL, ARE AFFe 07
A7} AT A 2L BT o)) Wl o AH AAx7} A
2 5ol sjats o2 WREATE SCBOE AwAte] oAl 74 hj$ 2
A PEole TPHA Aot F 6ol TFE UM ARzl
o U5E 2Y5A g BAL AESGong AAEL olsstn %
@ Ao Hol, eutAEe] ANEL U F AP GH Adzo|m
2 ANE AN BFOR oA & ety nglrh

o] Aol M ARAe} owAe] EAA e =AM~ vloldH /)
S5 BAE Fote] AWni, o]So] a4 EE 4RL we W F
2 A AN AFe YA g el AE oA AT A
dael oA BASA o 2 Aol Yeht: NEE sEow 2
g2Eg e Biel fasgoA AR AU BA A0 U
@ olalE EolW, o]E JMow § WA FJE BANRTA BT
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2. EAA BN YEE HEAe) e 2 A 43
AR ge 2 AT 43

Agzkel egae] Al 7HA i B Az dEol I v dANAAN Y
Bt HEE Edste Hde=A A7 WA oA 7HA []l, &
N-SCIBO2, N-SCDBO, N-BOBO, N-BOBOBO, N-CHECK-< Al A8ttt ©]
of AgAtel EAME FEF FFol B VAR WASAE LdotrT] st
oA 712 e BF33 $, K-medoids S 2H B S Al&Y3FATH
ANRE Foto AgArt 24812 AAH A AHgste tis B el
M2 13 3tE=AE #lstaat skt Al 7hA Wkle] 7leE A
otel <3E 65>¢F Zr}.

ﬂllm l..o

£

o

fr w2

<& 65> HEA Ho[Ee 7=

el 8B axp amm awm 5w
N-SCIBO2 s 0 12 2 i
N-SCDBO o 0 6 0 0
N-BOBO 2 0 4 0 0
N-BOBOBO - 0 5 0 0
N-CHECK i 0 11 0 1

ARz N NES 27
o

O] Qo] AW 0, FAF 09 8 (sparse)dt el

il & 4 9
}. o] Ao N-SCIBO2L} N-CHECK ¢l zro] Huigro] 2 73|
So] A 5t7)0 Fehgte] ¥k we K- FH 2P RO FE3H9
deFs g = Aoz 4ez K-medoids F8] 2B HE F83= Ao O
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2 3 W H glsr] Hske, o F Axol o3 SY2HEY A5e 8
Atk AF 4= 10002 s, 10099 B oz2HEH =&F 1007] 2
AF Z= @<= Boste] €& 2HAE 4 Ko @A Yepdide. 1 A3

Prediction Strength

o} wah A O"E—?— 19 o

HARE 2Yste], o] T Ay} YN FHY 8L AYAY £ &
2 AAsH

ol <X 66> THAl 7}A) Wl 7S FZ=3lste] K-medoids =] 2~E
Y ANL 3 F =23 879 FHE 7t Eﬂ"ﬂoﬂ/ﬂgl P& Tt UE
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=7 LETF N-SCIBO2 N-SCDBO  N-BOBO N-BOBOBO+ N-CHECK

I-1 1.72 .08 07 04 324
(N=1,408) (.91) (.28) (:25) (19) (1.48)
-1 99 1.06 1.21 04 1.39
(N=1,043) (.89) (51) (44) (19) (1.39)
I -2 95 1.22 24 114 1.31
(N=1,106) (.87) (.62) (43) (.39) (1.33)
-3 1.91 1.16 01 01 87
(N=1,937) (1.00) (.43) (.10) (10) (1.05)
I-1 1.00 .00 .00 .00 27
I (N=1,570) (.00) (.00) (.00) (.00) (44)
m-2 2.26 .00 01 .00 32
(N=2,005) (.64) (.00) (.08) (.05) (.46)
V-1 .78 .00 16 1.05 52
W (N=810) (77) (.00) (:36) (22) (.69)
V-2 .79 .00 1.10 .01 49
(N=1,264) (.78) (.00) (:30) (..08) (.70)
A 143 43 .28 .20 1.01
(.97) (.64) (52) (.45) (1.36)

obe) [ 63} W 1 Aol & THefsrlol Lol 7 Mol
AYS 7= 239 e JFo g Fo g2 R ke o] Huzks
o] HlE&=Z YERH Aol
N-SCIBO2
1, s R 1
.9 B — O
II-2
II-3
= -1
N-CHECK N-scoso | -2
—_—a

N-BOBOBO

[0 63] YEAe| 2t ZEoIAM 2t Hielof Z[CHgL thH| HIZ
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7t 2R EAS By FAH R Q] i, 2 FRlo] Bl

Aol 2Qe A A Ao 59 e, 18]3 Ticket Task 3
= CP2 B3 W 971 st9 2% H4E &3 CP2 Ho] B
S Askstel ol <3 68> o] A BT

<IE 68> TEAR| Zt TEIo| AlZt Hiel, oM AlRe| 5 CP2 H= S|

gs LD Totaltime LastPause FirstPause Seqn cP2
=T o= (%) (2) (&) (%) &
I I-1 107.65 412 1474 7.82 9.18
(N=1,408) (45.39) (2.64) (7.83) (3.02) (2.79)

-1 121.04 4.60 14.29 712 8.77

(N=1,043) (49.04) (4.38) (10.06) (2.82) (2.79)

I -2 131.56 451 14.18 7.36 9.01
(N=1,106) (53.07) (2.61) (7.88) (3.06) (2.86)

I-3 106.30 4.37 14.06 6.12 8.40

(N=1,937) (5051) (2.86) (7.89) (2.62) @.77)

Im-1 62.72 4.31 14.88 2.64 7.23

I (N=1,570) (23.48) (3.27) (9.01) (.94) (3.10)
-2 90.80 4.4? 13.43 4.05 7.82

(N=2,005) (40.83) (3.27) (7.56) (1.33) (2.75)

-1 102.07 4.40 14.42 407 7.49

W (N=810) (41.46) (2.52) (9.05) (1.68) (3.01)
V-2 91.73 4.37 13.99 3.91 752

(N=1,264) (39.38) (2.84) (7.81) (1.62) (3.02)

A 99.46 4.37 14.19 5.28 8.16
(47.53) (3.09) (8.31) (2.87) (2.95)

oHF ARE MO stof 23 W EHL FALCE AWRY T
3 2,

1% A4 9% SCIBO29} B

22 A Aol o5 FANA #A Fol AR A%

o 7
3 3 o

s H8 ¥ Ao sAAL WA ste] T AN
A & ek
3

1] 1 &)
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o 2H, EYE Y} W sHo] A AH A BHo] A& e e B

T}\/\I:]-

T 1 -19 Y HA) SOS F Hl=

ol T WEZQ SOSES F=ote] 19 Z2ZA2 (o] s} JE/HI# L)

< ot [19 6419t 2 om, Hl= 9] 10709] SOS ol Al= obef <3 69>%F
>

2t o oA 7HE B2 HEE

HERd BIE %9 1, 29]9] SOSE ¥
3 R SOSelA He] HAE T, Z FH gkl He &
AAEL) 272 EANAS A A A& 2 vass P5o]
Ba 9lee o 4

[ 64] MEX} 2E] 1 -19] ZZ2MA

<E 69> MEHK} 2E| [ -19] HIZ= A2 107 SOS

Hl=a9 SOS oz o=
1 SCI2,SCD,SCIBO2,SFI2BE 44 3.13%
2 SCI2,SCD,SCIBO2,SCIBO2,SFI2BE 13 92%
3 SCIBO2,SF12,SCD,SFI2BE 12 85%
4 SCIBO2,SCIBO2,SFI2,SCD,SFI2BE 1 18%
5 SCI2,SCD,SCIBO2,SCD,SFI2BE 1 18%
6 SCIBO2,SCI2,SCIBO2,SF12,SFI2BE 10 11%
7 SCIB0O2,SCI2,SCIBO2,SCD,SFI2BE 9 64%
8 SCI2,SFI2,SCIBO2,SCD,SFI2BE 9 64%
9 SCI2,SF12,SCIBO2,SFI2BE 8 S7%
10 SCIBO2,SCD,SFI2,SFI2BE 7 50%
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off &

tr &3 -1 YeERd SOS¢
= A9 10719 SOS oA+ of
g <F 70>J+ 7z+t}. N-SCDBO, N- BOBO, -CHECK9]| & gsl= HA A|H

27} 12A Yt 985S & 5 Atk

SCIBOBO:H-
a0 sCDBO ERKKMN sri2BE EIE!
SCIB3(;BO2 13 13

[O2! 65] MEXRI 28 11-12] Z2AMA o

<E 70> MEX Z& 1-12] HIi= A<| 107H SOS

Hl=a9 SOS o= gz
1 SCIBOBO3+,SCDBO,SFI2BE 18 1.73%
2 SCIBOBO?2,SCDBO,SFI2BE 16 1.53%
3 SCIBOB02,5CIBO2,SCDBO, SFI2BE 15 1.44%
4 SCIBO2,SCIBOBO3+,SCDBO,SFI2BE 13 1.25%
5 SCIBOBO1,SCDBO,SFI2BE 12 1.15%
6 SCIBO2,SCD,SCIBOBO3+,SCDBO,SFI2BE 9 86%
7 SCIBO2,SCDBO,SCIBOBO3+,SFI2BE 8 A1%
8 SCIBO2,SCIBOBO1,SCDBO,SFI2BE 8 A%
9 SCIBOBO2,SCDBO,SCIBO2,SFI2BE 6 58%
10 SCIBO2,SCDBO,SCIBOBO1,SFI2BE 5 A8%
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AR, +H -2 +F 1-13 FA8EA N-SCDBO, N-BOBOBO,
N-CHECK® #@d3t= A AFAE Al Hdolty, # 11-2& & oA
A AA2 oA daE 23] ABS - 1-13 A9 FASHH, Aol H
S 3 AH AE2 Yol R $xEe TEE 33 o] ALSt A%

aH= N-BOBOBO®| sj&ahe 94l A9 25 A8atglths Aol oS

2 ﬂﬂ B A AAx o M ol A8 NS VEHoH, T oW
AME £ CP2 A5 7IFstAt. 18y ol &3 AR 3] 11-134 A
ﬂ?‘:‘}?ﬁg w] CP2 34, FirstPause} LastPause?] z}oli= wl-$- ZA3F$ith
T 1M-29 Z2A2~ W ol (27 66]3 Zom, Wiz A9 107]9
SOS A& ofel <& 71> 2t} N-SCDBO, N-BOBOBO, N-CHECK®l 3}
Fote A AA27 12A JEUD eS 0T 5 Ah

44

26 scD

& x —2, SCIBOBOBO3+
= 115
sciBoz | 45 (e l{ / &
T e 115 70
W sri2eE ML
-5

[O2! 66] MEX} 2&] 11-29 ZZ2AMA

<E 71> MERX Z& 1-29| HIx= A2| 1074 SOS

HI=29| S0S HOHE Adls
1 SCIBO2,SCDBO,SCIBOBOBO3+, SFI2BE 26 2.35%
2 SCIBOBOBO3+,SCDBO, SFI2BE 24 217%
3 SCIBO2,5CDBO,SCIBOBOBO,SFI2BE 11 99%
4 SCIBO2,SCIBOBOBO1,SCDBO, SFI2BE 10 90%
5 SCIBOBOBO1,SCDBO, SFI2BE 9 81%
6 SCIBO2,SCIBOBOBO3+,SCDBO, SFI2BE 8 2%
7 SCIBO2,SCIBO2,SCDBO,SCIBOBOBO3+,SFIZBE 7 63%
8 SCI2,SCD,SCIBOBOBO3+,SCDBO,SFI2BE 7 63%
9 SCIBOBOBO3+,SCDBO,SCI3+ SFI2BE 4 36%
10 SCD,SCIBOBOBO3+SCDBO,SFI2BE 4 36%
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A, A -39 dEAE2 SCIBO2E AYs & & g5 3¢
HE ANE3HA &3, AL HEE vlZ 322 SCDBOE A3y g
2 o] AFol A HH o teto g Felo] HA| &
A= AZFS 1A EI P, HAHe ok Qo

= 49 aF¥olgtal A e sl Ak £ -390 Y
SOSZ 19 Z2Al2 W oy [I¥ 6717 Zow, ¥NE A9 10719
SOS oAl ot <3 72>%}F 2t} o] 52 tiete Z7] 9t &EAstaL w
W7l Bk @ehS A EetaiAt A =skar, Ha 8 WA Aol whe} v
2 o] tiobs A&t WA A=k

332 SCIBO2 332 5 SCDBO 332 o SFI2BE 332
@ 332 332 332 e

[O2] 67] MEX} 2Z& 11-39] Z2MA T

lo =

) —
|

2oy 2
N

o

<E 72> MERX Z& 1-39 Hix= A2| 107H SOS

=9 SOS Eodlz doflz
1 SCIBO2,SCDBO,SFI2BE 207 10.69%
2 SCIBO2,SCIBO2,SCDBO, SFI2BE 179 9.24%
3 SCIBO2,SCDBO,SCIBO2,SFI2BE 67 3.46%
4 SCIBO2,SCIB0O2,SCDBO,SCIBO2,SFI2BE 32 1.65%
5 SCI2,SCD,SCIBO2,SCDBO, SFI2BE 20 1.03%
6 SCIBO2,SCDBO,SFI2,SFI2BE 17 88%
7 SCIBO2,SCD,SCIBO2,SCDBO,SFI2BE 16 83%
8 SCIBO2,SCDBO,SCIBO3+,SFI2BE 14 12%
9 SCDBO,SCIBO2,SFI2BE 13 67%
10 SCIBO2,SCDBO,SC,SFI2BE 12 62%

oA, 73 -1 & g W] SCIBOZE A3

< 7123k N-CHECK W& AYsties te nE Eﬂicﬂgl o
< 7123 Foo|t} o] N-CHECK ©]9]o] =& HE9 &
olgh= ARAA 1 4 ot o]l 52 TASNA HAF T AL A
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0S(907, 57.77%)= SCIBO2E A|&gt A3 nlZ Ao =
2 HA Y geks 3] A% oick g4 9 vlw P F
ouz BUHYH B HHo] ALY o] RAXA LU
th olE T W= &9 2, T9AAAR a3 thete] Bl
OWE} U] AgAEe] 74 gk AEY 98-S #3357

)
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38
o
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N

H

—

frome R oo mtt &2
o
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o

O
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(]

g
o pe } = u]Toa 2 o, we 2Asl ol gl EA2

AT

1123 SCIBO2 1123 5 SFI2BE 1123 "
1123 1123 @

[O2! 68] MEtXI 2 M-12] ZZ=MA &

H °
ol
X
§2
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E
ol
N

<E 73> ™MEXRF 2A] m-19] "z A2 1074 SOS

=g S0S ol o=

1 SCIBO2,SFI2BE 907 57.77%
2 SCIBO2,SCD,SFI2BE 109 6.94%
3 SCIBO2,SFI2,SFI2BE 47 2.99%
4 SCI2,SCIBO2,SFI2BE 46 2.93%
5 SCIBO2,SC,SFI2BE 28 1.78%
6 SCIBO2,SCIBO1,SFI2BE 23 1.46%
7 SCD,SCIBO2,SFI2BE 18 1.15%
8 SCIBO2,C,SFI2BE 15 96%

9 SFI2,SCIBO2,SFI2BE 15 96%

10 SCIBO2,SCIBO3+,SFI2BE 13 83%
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4 1-1uct SCBOZE ¢ B ;4¢§ 28] ol AN Ho] A
sholch ek #4013 vasge o o a NA2o) THL FAE

Xﬂ/‘]v:% 7‘3¢°M] o] OH 0}22 o /\1330110# P% N A A2E grEgo
24, 22l AE5E dws] HEIAY AAHE HAE A AAE o
Al gloEEE BF T 717194 gl /7w AT A
Zrete] Hote PO 2 oY = Aok = M-20] YERG SOSe| ==
Ao WMo ola) [ 69]9) 710rq W= A9 10702 SOS Al A= o}
T %, o] SCIBO2E HbE-3}
%Zigi %“45: 2% Uﬂ/\] A5 Gk 8351 6‘}220
S AU E d dEes AL ZoE Bt o)E

F Rl A HH o g& 7‘“’}7}”

1150 SCIBO2 1150 SFI2BE 1150
2300 1150

[O2! 69] MEtXR 2 M-22| ZZ=MA
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<E 74> ™ERXF 2Z m-29] = AR 107§ SOS

A= 508 IoEs  adEs

1 SCIBO2,SCIBO2,SFI2BE 880 43.89%

2 SCIB02,SCIB02,SCIBO2,SFI2BE 101 5.04%

3 SCIBO2,SCIBO2,SCD,SFI2BE 68 3.39%

4 SCIBO2,SCIBO2,SFI2,SFI2BE 59 2.94%

5 SCIBO2,SCD,SCIBO2,SFI2BE 44 2.19%

6 SCIB02,SCI2,SCIBO2,SFI2BE 43 2.14%

7 SCIBO2,SCIBO2,SC,SFI2BE 32 1.60%

8 SCI2,SCIBO2,SCIBO2,SFI2BE 24 1.20%

9 SCIB0O2,SCIB02,SCIB0O2,SCIBO2,SFI2BE 21 1.05%

10 SCIBO2,SCIBO2,SCD,SCIBO2,SFI2BE 18 90%
AFA, TH V-1 FFASE P SFes] AAAA dFT
A Felo]l AEH AW SR WHL WA 02 ATt of
Se g £2Y qH Ase] AAHE Ak 83 WAANE
olo] 248 AY FAAIY Belo] HgHA B 28 $AAL 1
A Fagch 2R V-19 ZEAs Be ok (1Y 703 gom, W
491 10712) SOS el 4% oleh <& 7559k Rk

83 SCIBO2 83 = SCIBOBOBO3+ 83 5 SFI2BE
@ 83 83 83

I
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N
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0

EIX} A V-19] T2 MA o
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<E 75> ™MERF 2E IW-19| HI= A2 1074 SOS

=9 S0S ol  doflx
1 SCIBOBOBO3+,SFI2BE 62 7.65%
2 SCIBO2,SCIBOBOBO3+,SFI2BE 62 7.65%
3 SCIBO2,SCIBOBOBO1,SFI2BE 31 3.83%
4 SCIBOBOBO1,SFI2BE 31 3.83%
5 SCIBOBOBO3+,SCIBO2,SFI2BE 22 2.72%
6 SCIBOBOBO2,SFI2BE 16 1.98%
7 SCIBOBOBO1,SCIBO2,SFI2BE 14 1.73%
8 SCIBO2,SCIBO2,SCIBOBOBO3+,SFI2BE 14 1.73%
9 SCIBOBO2,SCIBOBOBO3+,SFI2BE 9 1.11%
10 SCIBO2,SCD,SCIBOBOBO3+,SFI2BE 9 1.11%

TF V-1 A9 A, oF V-10] & 9
A A]%ioﬂ*ﬂ %}OJO] 2e&H g ?\—’F 33] o]4e M FAde] Yds

S A3 2y, olg2 HAE 3 HTE ¢
A= B 3 Agol HIeAoe 2ol o] Aot ol Aol = &7
stal, T N-294 o 2 #S Yehd Totaltimes Al9stie
LastPause, FirstPause, Seqn, 12]3l CP2 A4 YeEly+= 3 V-1
o] ztol= g ZASAT olEx vF NV-13 Zo] dd A2 gtk
o2 YA gt T V-29 T4 Qe ofg [17 7119 2o
H, W% A9 1071¢] SOS o|Al& ofef <& 76> Zt

161 SCIBOBO2 161 - SFI2BE 161
161 161 @

[T 71] HEX} 28] V-29| Z2ZAMA
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<E 76> ™MEMXE 2ZE| IV-29| HIZ AR 1074 SOS

Hl=22| SOS Hojel= A=
1 SCIBOBO2,SFI2BE 135 10.68%
2 SCIBOBO2,SCIBO2,SFI2BE 85 6.72%
3 SCIBO2,SCIBOBO1,SFI2BE 64 5.06%
4 SCIBO2,SCIBOBO3+,SFI2BE 57 4.51%
5 SCIBOBO3+,SFI2BE 47 3.72%
6 SCIBOBO1,SFI2BE 42 3.32%
7 SCIBOBO2,SCIBO2,SCIBO2,SFI2BE 18 1.42%
8 SCIBO2,SCIBOBO2,SFI2BE 17 1.34%
9 SCIBOBO3+,SCIBO2,SFI2BE 15 1.19%
10 SCIBOBO2,SCIBOBO3+,SFI2BE 15 1.19%

7 M e] gholl A ek 3 Aol 7t A= yYeheA AR 95k 7}
THANA UE= Wl g FholAlw AA e AT A TleF
oA AHEZ o] A9 iﬂiiﬂa w4l &84 I:‘r” 7hA] Wl
2l Fgte]l iR 1 52 09 #he 7HAE=R, 75 W<
F& g A Hop FholAly AAe Adsit 1 734%”

Tl vEbd ukeh o] BE WA F Zholl FAHCE 9 ]é 2
o7t A= Ao AU

oo X ]

o

_,d
R}
+FH

<E 77> I0|ME AN Aot

B X 2% A= So|g
N-SCIBO2 7,658.6 70
N-SCDBO 10,289 42
N-BOBO 9,182.1 28

N-BOBOBO 10,512 35
N-CHECK 6,517.9 77
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o2 CP2 5ol A ARA FHE 7re] Zolrl UehtEAE 8
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o] 9l Ticket Task 3 &2
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(ee)

2 st TAHFSE Fom|gt
< {5k Bag =4
A}, CP2 47} S84 243t 7] vl Zh i%ﬂ
AE & o AldE 5+ & Games Howell AHS AA S
(Shingala & Rajyaguru, 2015). 1 A3} ofgl <& 783 2t}
o7 oy Qe Ao T AT HA S Fste AolA 1F 27
sl7] 9lsted Tukey W o E = H A T A Fadjusted p.value)
gt CP2 A9 Batoll A &3 ol & Zfol7} HA A= Fsk
AAFOE Fou| 3 o7} LTS et Ho A7 4Hd &F
[-13} 1-2, &3 [-13 -2 Aol AE B HAgollA SAHSE &
om gk Zpol 7t bR gkom, Ht Fvt k92 EF7E o -],
M-2, V-1, V-2 3toll= H HgolA FAHSE Fon|g o7} UrE‘r
& ASEo] o IEHAY. T A TH 1-39 HAT %
= 29 7 2 Aok TR H A4 FAAHCE FYH|EE Zol v} i?iﬁ}.
weba A 2 RS AATH A AgS A 1 A zpol et 2y
B g3 vk A o) zpolo] Tk dfAo] TAACEE S EHS &ls)
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ZcH  EclR EXA| A_—TE{ A'_—r,__li =3 ZHE
= = e (2]2) () pvalue Rz

1 I-1 II-1 -0.41 -0.77 -0.04 0.02 e
2 I-1 -2 -0.17 -0.54 0.19 0.83 ns

3 I-1 -3 -0.78 -1.09 -0.47 0 e
4 I-1 -1 -1.95 -2.30 -1.60 0 e
5 I-1 -2 -1.36 -1.67 -1.05 0 e
6 I-1 V-1 -1.69 -2.10 -1.27 0 e
7 I-1 V-2 -1.66 -2.02 -1.30 0 e
8 II-1 I-2 0.23 -0.15 0.62 0.60 ns

9 II-1 -3 -0.37 -0.71 -0.03 0.02 e
10 II-1 -1 -1.54 -1.91 -1.17 0 Frwx
11 II-1 -2 -0.95 -1.29 -0.61 0 e
12 II-1 V-1 -1.28 -1.71 -0.84 0 r
13 II-1 V-2 -1.25 -1.64 -0.87 0 r
14 1I-3 -2 0.60 0.26 0.95 0 e
15 -3 V-1 -0.90 -1.29 -0.51 0 e
16 -3 V-2 -0.88 -1.22 -0.54 0 Frwx
17 -1 -2 1.77 1.40 2.15 0 e
18  II-1 I-3 1.16 0.84 1.48 0 o
19 II-1 -2 0.58 0.27 0.90 0 r
20 Im-1 V-1 0.26 -0.15 0.68 0.55 ns

21 -1 V-2 0.28 -0.08 0.65 0.27 ns

22 -2 -2 1.18 0.84 1.52 0 e
23 I-2 -3 0.57 0.29 0.86 0 e
24 1M-2 V-1 -0.32 -0.71 0.06 0.17 ns

25 II-2 V-2 -0.30 -0.63 0.02 0.11 ns

26 V-1 I-2 1.51 1.08 194 0 r
27 -1 V-2 0.02 -0.40 0.45 1 ns

28 V-2 -2 1.49 1.10 187 0 Frwx

ns : SAXSE Fo|0lg Xo[7t &l x| PSS 20|
v qo|#E0| ZYE ROELC) Aot SAXcE Ro0|F

o
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<HE 80> 2EX} H|0OE{] Z|=EA

el 8B axp amm awmw 5w
N-SCIBO? a 0 10 0 0
N-SCDBO o 0 6 0 0
N-BOBO o 0 4 0 0
N-BOBOBO - 0 6 0 0
N-CHECK o 0 12 0 0

A dolEl o} vhasbA 2 i3] welol Ak 0, FYg 09 B
g AEY S & en, 53] BOBO, BOBOBO, CHECK ® ¢l
Z

2 <l
Fol 747t 2.60, 3.14, 2.682 22 do] 091 A$7} WS Be, BFY
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o}
H
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fe oo b fon

ZE olF1 Jee #FAUFT £ YAtHKlein, 2005). o] Aol
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Optimal number of clusters
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<E 81> QEK}Io| 2t ZEIo| HA(EZLA}
AEE
s (N)Tr N-SCIBO2 N-SCDBO  N-BOBO  N-BOBOBO+ N-CHECK
B 50 12 03 02 155
! N=2,552 (88 (37 (17 (15) (.99)
B 2.25 1.46 20 18 67
I N=1.443 (1.49) (.75) (41) (41) (101)
B 213 .00 01 01 40
i N=1.272 (1.22) (.00) (1) (.08) (72)
V-1 76 47 22 1.12 A1
(N=1,594) (87) (57) (42) (37) (.70)
V-2 86 42 118 03 42
(N=1,892) (.95) (54) (42) (16) (72)
B A7 00 00 .00 .00
v N=6,503 (.40) (.00) (.00) (.00) (.00)
B 62 117 05 05 23
v N=2.277 (81) (41 (21 (21 (47
ooy 72 38 A7 13 42
(1.07) (63) (43) (37) (81)
obe) (28 T4l Aek T 2ol F sotely] ol E, 7t Mol A A

ie e 2o ge Eo oo e 2he %L

&2 Uehd Zolt
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<E 83> QEIXIQ| 2 ZE|o| A|ZF HHOl oHM A[RAo| £ CP2 M4 £

= — — [ (L)
e A8F  Totaltime LastPause FirstPause Seqn CcP2
=T (N) (X) (=) (=) (w])] &
_ 59.55 6.91 14.48 3.31 5.31
: N=2,552 46.13) 691) (1096) (3.00) (3.26)
_ 139.86 5.81 14.32 6..80 551
I N=1,4483 (76.28) (6.78) (10.98) (2.99) (2.89)
_ 99.03 6.05 14.87 3.87 4.75
I N=1.272 (60.13) (7.10) (11.37) (1.81) (2.78)
V-1 121.86 5.48 15.75 443 4.25
u (N=1,594) (63.10) (5.43) (13.82) 2.41) 2.92)
V-2 103.45 547 15.01 433 4.33
(N=1,892) (56.57) (5.88) (10.18) (2.44) (2.85)
v N=6,503 39.13 8.34 16.65 137 2.18
(32.59) (13.98) (18.35) (:80) (2.55)
_ 77.24 5.27 15.90 3.89 347
v N=2.277 (44.20) 6.72) (13.69) 2.21) (2.88)
A 7415 6.79 15.66 3.20 3.67
= (59.93) (10.04) (14.67) (2.66) (3.10)
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[O2 75] @EXI Z2& 19 Z=2MA

<& 84> QEXR ZZ& 19 HIx A2 1071 SOS

=9 S0S o= Sofl=
1 SCI2 935 36.64%
2 SCD 98 3.84%
3 SCD,IA 55 2.16%
4 SCI2,SCD,SCI2 54 2.12%
5 SFI2 45 1.76%
6 SCI2,IA 38 1.49%
7 SCD,SCI2 38 1.49%
8 SCIBO2,SCD, A 33 1.29%
9 SCIBO2,SCI2,IA 18 11%
10 SCIBO2,SCD,SCIBO2 18 11%
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380 190 17 17
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[O2! 76] QEA 22 T19| ZZMA o

<& 85> QEMX} & I 2o Hix= A2| 1074 SOS
M= S0S HojHle Mojdle
1 SCIBO2,5CIBO2,SCDBO,IA 65 4.50%
2 SCDBO,SCDBO,IA 40 2.77%
3 SCIBO2,5CIBO2,SCDBO 37 2.56%
4 SCIBO2,5CIBO2,SCDBO,SCIBO2 34 2.36%
5 SCIBO2,5CIBO2,SCDBO,SCIBOZ 1A 11 .16%
6 SCIBO2,SCIB02,SCIBO2,SCDBO, 1A 10 69%
7 SCIBO2,SCDBO,SCDBO,IA 7 A9%
8 SCIBO2,5CIBO2,SCDBO,SCIBOBOBO3+,1A 7 A9%
9 SCIBO2,5CIBO2,SCIBO2,SCDBO,SCIBO2 6 A2%
10 SCDBO,SCDBO 6 A2%
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H=a9 SOS Hodl= Aoidl=
1 SCIBO2,SCIBO?2 218 17.14%
2 SCIBO2,SCIBO2,IA 206 16.19%
3 SCIB0O2,SCIB0O2,SCIBO2 97 7.63%
4 SCIBO,SCIBO,IA 31 2.44%
5 SCI2,SCI2 31 2.44%
6 SCIBO2,SCIBO2,SCIBO2,IA 28 2.20%
7 SCIBO2,SCIBO2,SCD,IA 23 1.81%
8 SCIBO2,SCIBO2,CCI2,IA 18 1.42%
9 SCIB0O2,SCIBO2,SCIBO2,SCIBO2 18 1.42%
10 SCI2,SCIBO2,SCIBO2 10 79%

- 9216 - ; iﬂ “i 1_” [’



o2 ANE AA HEL SCBO2E WHEFEA AN 22 a4 o
AA e vl gl AAF ke welstA EAAY tigke] ATk A7
A Eas] WEel owe AET A

Aol £A70e BoHE Aol

KN
=

e AR o 2L A HOE BHAGE bl ATk 2HS A
%_

N

@ Aee 12729 T4 6058UTS6WeIem, ols F 4114
(67.93%)¢ WA FA a7 $AAL WAsAL. 2H 1% O A
e ANE AN BES FRSFATE Holw, P 19 e ge Ae
BTkt @ele] A g A AU Hikow AZEA ek
Aol .

YA, 23 V-1 Ble] AgHE SAA) G A5E WANRA
AL oy W A= F 0Be AET Aotk oFe T NF o
2A Ak 24 MAKCIE HaE FYsA Ga, Asstel g A5E
MASe BAL NS F AFHOR owg Ak o5 F
A B AR} GA AL 55 7158 PHo|BE EANAL s3
A s A7 AT @ F QAR BAA AP he A
2shg] Mo BANA HFeHA 2@ o= B £ V-1
et oge] A2 g ol (1Y 7817 2ow, ME 49l 107)

o] SOS A= off <& 87>} 2T},

SCIBOBOBO1

60 60 60
105 165
105
SCIBOBOBO3+ /

105

(12 78] QEX} 2A N-19] Z2AA B

- 217 - ,-:'A -:“.':I- 1_” 'ch]I_



<& 87> QEX} Z& IV-19| Bz A2 107 SOS
Hi=&=9 SOS it = aogi=
1 SCIBOBOBO3+,1A 86 5.40%
2 SCIBOBOBO1,IA 47 2.95%
3 SCIBOBOBO3+ 34 2.13%
4 SCIBO2,SCIBOBOBO3+,IA 29 1.82%
5 SCIBOBOBO2 28 1.76%
6 SCIBOBOBO1 26 1.63%
7 SCIBOBOBO3+,SCDBO,IA 26 1.63%
8 SCIBO2,SCIBOBOBO3+ 17 1.07%
9 SCIBOBOBO2,IA 15 94%
10 SCIBO2,SCIBOBOBO1,1A 15 94%

FA ATE AgAe] 2 V-1E fAEA B4 A5E WHNEA
AL o W A YFL HAAE, AGASS Ab 8% AR
of A% wEHWA TroR Blo] HgHA FE FAAL A2
A3t e, QHASE o ABA RHAY A 43 AW stors
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<E 88> QEMX} RE V-29| HIZ= A2l 1074 SOS

Bl =29 S0S Hojulz Aiyl=
1 SCIBOBOZ,IA 65 3.44%
2 SCIBOBO1,IA 60 3.17%
3 SCIBOBO2,SCIBO2 53 2.80%
4 SCIBOBO3+,1A 45 2.38%
5 SCIBOBO?2 39 2.06%
6 SCIBOBO2,SCIBO2,IA 32 1.69%
7 SCIBOBO1 23 1.22%
8 SCIBO2,SCIBOBO1,IA 22 1.16%
9 SCIBOBO1,SCDBO,|A 19 1.00%
10 SCIBOBO3+ 17 90%
ol EE ¥ N-13 mix7A 2 og3-S A=3T 1,061% 5 631%(59.47%)
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1 IA 3,099 47.65%
2 SE 809 12.44%
3 SCIBO2,IA 358 5.51%
4 SCIBO2 3N 5.24%
5 SCH 92 1.41%
6 SCI3+ 85 1.31%
7 SCIBO,IA 83 1.28%
8 SFD 7 1.09%
9 SFD,IA 66 1.01%
10 SCIBO1,IA 61 94%
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<E 90> QEA & o Bl &l 1074 SOS

2] 508 FoEs  gous

1 SCDBO,IA 502 22.05%

2 SCDBO 128 5.62%

3 SCIBO2,SCDBO,IA 128 5.62%

4 SCIBO,SCDBO,IA 42 1.84%

5 SCIBO2,SCDBO 39 1.71%

6 SCIBO2,SCDBO,SCIBO2 31 1.36%

7 SCDBO,SCIBO,|A 27 1.19%

8 SCDBO,SCIBO?2 23 1.01%

9 SCIBO2,SCDBO,SCIBO2,IA 21 92%

10 SCDBO,SCIBOZ,IA 16 .10%
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<E 91> FI0|M= HAAN Zof

ol 2 @ ARE o=
N-SCIBO2 9,350.6 54
N-SCDBO 13,708 36
N-BOBO 12,552 24

N-BOBOBO 13,448 30
N-CHECK 9,873.4 54
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23} wkg Aol Zpolof

Sttt
<& 92> ARJUZBLHEA Anf

men mee smx  an o4 288 =@
(22) (H) pvalue Rz

1 I =20 - 11 52 47 ns
2 1 Im 56 - 88 =24 00
3 1 N1 106 137 -75 00
4 1 N2 98 127 - 69 00
5 1 v 184 -2.11 -156 00
6 m I -76 22 110 00
7 m W 50 -84 A7 00

8 m N2 A -7 - 40 00 =
9 m v 128 -159 -97 00
10 N-1 1 -126 93 160 00

1 N-1 N-2  -08 -23 39 99 ns
2 N-2 1 -1.19 87 150 00
13 v I -3.13 291 336 00
1 v I -3.33 307 359 00
5 v Im -2.57 231 284 00
6 v N-1 -207 182 232 00
7 vV N2 @ -215 192 238 00
18 v v -1.29 108 151 00
19 W I -2.04 173 235 00
20 W N1 -8 48 107 00
21 W N2 -8 58 113 00
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1=
n =
[S22 1. 487|X| BERT 2&o| EA ZH1}]
Model E masked length warm batch  steps traing p2 Time(s)  steps/s  recovery
up _loss _loss
1 mini 1 0.15 20 5 256 175 1.362 0.905 3879 0.451 0.909
2 mini 1 0.15 20 0 256 175 1.485 0.926 386.7 0.453 0.896
3 mini 1 0.15 40 5 200 173 1587 0912 565.8 0.306 0.938
4 mini 1 0.15 40 0 200 173 1637 0.921 5715 0.303 0.905
5  mini 1 04 20 5 256 175 1.471 1.043 386.9 0.452 0.924
6  mini 1 0.4 20 0 256 175 1515 1.054 3848 0.455 0.927
7 mini 1 0.4 40 5 200 173 1663 1.050 567 0.305 0.906
8  mini 1 0.4 40 0 200 173 2.025 1.282 565.5 0.306 0.816
9  mini 2 0.15 20 5 256 350 1.170 0.854 4446 0.787 0.965
10 mini 2 0.15 20 0 256 350 1.235 0.867 4449 0.787 0.957
11 mini 2 0.15 40 5 200 346 1.257 0.826 652.7 0530 0.974
12 mini 2 0.15 40 0 200 346 1.438 0.848 657.3 0.526 0.953
13 mini 2 0.4 20 5 256 350 1.290 0.985 4515 0.775 0.958
14 mini 2 0.4 20 0 256 350 1.302 0.989 449.8 0.778 0.964
15 mini 2 0.4 40 5 200 346 1.335 0.949 657.8 0.526 0.967
16 mini 2 0.4 40 0 200 346 1417 0.961 654.7 0.528 0.968
17 mini 3 0.15 20 5 256 525 1.088 0.835 485.1 1.082 0.967
18 mini 3 0.15 20 0 256 525 1.112 0.837 486.3 1.080 0.972
19 mini 3 0.15 40 5 200 519 1.124 0.807 7358 0.705 0.940
20  mini 3 0.15 40 0 200 519 1217 0.816 7358 0.705 0.977
21 mini 3 0.4 20 5 256 525 1.204 0.960 484.4 1.083 0.934
22 mini 3 0.4 20 0 256 525 1227 0.963 484.9 1.083 0.956
23 mini 3 0.4 40 5 200 519 1.230 0.920 739.7 0.702 0.931
24 mini 3 0.4 40 0 200 519 1.281 0.931 736.5 0.705 0.950
25 base 1 0.15 20 30 16 2791 1.202 0.870 3369.8 0.828 0.928
26 base 1 0.15 20 0 16 2791 1.195 0.871 3452.5 0.808 0.936
27 base 1 0.15 40 50 8 4314 1.322 0.860 4674.8 0.923 0.941
28 base 1 0.15 40 0 8 4314 1.331 0.855 4776.5 0.903 0.941
29 base 1 0.4 20 60 8 5582 1.239 0.985 4503.1 1.240 0.953
30 base 1 0.4 20 0 8 5582 1.225 0.983 4524.2 1.234 0.951
31 base 1 0.4 40 60 6 5751 1.286 0.959 4679.5 1.229 0.924
32 base 1 0.4 40 0 6 5751 1.286 0.965 4766.7 1.206 0.928
33 base 2 0.15 20 60 16 5582 1.065 0.832 4418 1.263 0.977
34 base 2 0.15 20 0 16 5582 1.051 0.834 4386.9 1272 0.976
35 base 2 0.15 40 90 8 8628 1.119 0.807 5767 1.496 0.967
36 base 2 0.15 40 0 8 8628 1.093 0.804 5865.1 1.471 0.962
37 base 2 0.4 20 120 8 11164 1142 0.955 5416.9 2.061 0.949
38 base 2 0.4 20 0 8 11164 1133 0.954 5355.2 2.085 0.925
39 base 2 0.4 40 120 6 11502 1.151 0.923 5695.7 2.019 0.944
40 base 2 0.4 40 0 6 11502 1.140 0918 5659.2 2.032 0.950
41 base 3 0.15 20 90 16 8373 1.001 0.810 4766.5 1.757 0.950
42 base 3 0.15 20 0 16 8373 0.996 0.818 4739.3 1.767 0.963
43 base 3 0.15 40 130 8 12942 1.030 0.785 6276.5 2.062 0.954
44 base 3 0.15 40 0 8 12942 1.026 0.787 6187.7 1.026 0.936
45 base 3 0.4 20 170 8 16746 1.102 0.939 6648.7 2.519 0.943
46 base 3 0.4 20 0 8 16746 1.091 0.940 6576.2 2.546 0.956
47 base 3 0.4 40 180 6 17253 1.094 0.895 7426.5 2.323 0.921
48 base 3 0.4 40 0 6 17253  1.084 0.899 7451 2.316 0.950
total 1.251 0910 29271 1.120 939
1] O
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S22 Ul JHR| A2 |

2 I M THX| 7|22 ol8E g2g Zu]

Max Embeddings kol &= | T (stdew) s:g:y S'mn:?:ty (stdev)
A Et-Cancel sequences 56 5414 8816 975 765 023
2EF-Cancel sequences 64 4840 8062 975 74 023
2Et-End sequences 16 1898 1.772 962 .891 .020
Mean Embeddings Key| <= T::; (stdev) smlzrrl]ty Slmr:?:ty (stdev)
MEt-Cancel sequences 56 6.128  9.903 .886 210 131
2EfF-Cancel sequences 64 5.841 9.952 891 21 A27
2EH-End sequences 16 4307  3.949 738 202 174
CLS Embeddings Key2| <= T::; (stdev) sgizr:y 3|mr:‘ia::|ty (stdev)
MEt-Cancel sequences 56 6.197  9.641 938 .365 077
2EfF-Cancel sequences 64 5833  9.556 936 .366 .070
2Et-End sequences 16 4739  3.751 .900 282 .085
CLS Pooling Embeddings | Key?| == n:ae:; (stdev) smiaar:y S|mn:;’::|ty (stdev)
A Et-Cancel sequences 56 11369 14.326 .966 .790 .019
2EF-Cancel sequences 64 10698 13.610 .986 .863 .017
2Et-End sequences 16 5879 4178 .968 .852 021

- 261 -



[£2 3. Chsh Max BT 2D M| 71X 7| E2 0|83 &gt Zf]
Max Embeddings Keyo| &= eriE (stdev) S”r;gr:ty 5|mn|:;r|ty (stdev)
HMEHR} cancel sequences 56 5.414 8.816 975 765 023
QEFA} cancel sequences 64 4.840 8.062 975 T74 023
QER} end sequences 16 1.898 1.712 962 891 020
Sum-2 Max Embeddings Keyo| = eriE (stdev) S”r:gr:ty 5|mr:?]r|ty (stdev)
HMEAL cancel sequences 56 6.061 9.130 974 793 024
QEFA} cancel sequences 64 5.384 8.601 973 781 023
QEX} end sequences 16 1.759 1.505 964 888 017
Sum-3 Max Embeddings Keye| &= mr:E (stdev) smia;rrl]ty Slmr:;”ty (stdev)
HMEHRL cancel sequences 56 5.979 8.892 975 792 022
2EHK} cancel sequences 64 5.369 8.494 974 794 022
QErA} end sequences 16 1.704 1.435 965 891 016
Sum-4 Max Embeddings Keyo| = eriE (stdev) S”r;gr:ty 5|mn|:;r|ty (stdev)
HMEHRL cancel sequences 56 5.847 8.652 975 797 021
QEFA} cancel sequences 64 5.274 8.293 974 806 021
QEX} end sequences 16 1.677 1.381 965 .890 016
Sum-12 Max Embeddings Keyo| = eriE (stdev) S”r:gr:ty 5|mr:?]r|ty (stdev)
HMEAL cancel sequences 56 6.891 9.907 977 857 015
EHR} cancel sequences 64 6.285 9.375 977 874 015
QEX} end sequences 16 1.689 1.345 .966 905 014
Concat-2 Max Embeddings Keye| &= mr:E (stdev) smia;rrl]ty Slmr:;”ty (stdev)
HMEHRL cancel sequences 56 5.743 9.039 975 815 022
2EHK} cancel sequences 64 5.087 8.472 974 172 022
QErA} end sequences 16 1.821 1547 963 890 017
Concat-3 Max Embeddings Keyo| = mean (stdev) LY 5|m|I§1r|ty (stdev)
rank mean min
HMEHRL cancel sequences 56 5.808 8.087 974 806 022
QEFA} cancel sequences 64 5.159 8.440 974 783 022
QEX} end sequences 16 1.786 1.495 964 889 017
Concat-4 Max Embeddings Keyo| = mean (stdev) Sy S|m|I§1r|ty (stdev)
rank mean min
HMEAL cancel sequences 56 5.785 8.839 974 808 021
QEFA} cancel sequences 64 5172 8.304 973 793 019
QEX} end sequences 16 1.755 1,435 964 887 017
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#Max embedding

attention_mask_cancel_score! = input_cancel_score1[ attention_mask’]
input_mask_expanded_cancel_score1 =
attention_mask_cancel_score1.unsqueeze(- 1).expand(last_hidden_states_cancel_score
1.size()).float()

last_hidden_states_cancel_score1linput_mask_expanded_cancel_score1 == 0] = -1e9
#Set padding tokens to large negative value

max_embeddings_cancel_score1 = torch.max(last_hidden_states_cancel_score1, 1)[0]

#CLS embeddings
last_hidden_states_cancel_score1 = all_hidden_states_cancel_score1[-1]
cls_embedding_cancel_score1 = last_hidden_states_cancel_scoreil:, 0]

#CLS pooler output
pooler_output_cancel_score1 = output_cancel_score1[0]
pooler_embedding_cancel_score1 = pooler_output_cancel_scoreil:, 0]

#last 2 layer sum

summed_last_2_layers_cancel_score1 =
torch.sum(all_hidden_states_cancel_score1[-2:-1], dim=0)
summed_last2_max_embeddings_cancel_score1=torch.max(summed_last_2_layers_can
cel_scorel, 1)[0]

#concatenate max 2
concatenate_pooling_cancel_score1 = torch.cat(
(all_hidden_states_cancel_score1[-1], all_hidden_states_cancel_scorei[-2]),-1)

concatenate?_max_embeddings_cancel_score1 =
torch.max(concatenate_pooling_cancel_score1, 1)[0]
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Abstract

Analyzing Test Takers’ Problem-Solving
Behaviors Using Process Data in

a Computer-Based Assessment

-Focusing on Extracting Representative Action Sequences
and Patterns in Sequence of Sequences Data-

Kim Yeonwho
Department of Education
College of Education
Seoul National University

The primary objective of this study was to quantitatively assess and
evaluate problem-solving skills by analyzing the actual problem-solving
process and discerning individual discrepancies among test takers
engaging in this process. Problem-solving skills encompass an individual’s
cognitive proficiency necessary for resolving a problem in a context
where an immediate solution is not readily attainable.

To accomplish the objectives of this study, the following research

questions were formulated:

1. What are the outcomes of extracting test takers’ problem-solving
patterns as representative action sequences in the real-life simulation
problem?

2. What are the outcomes from the analysis of data derived from a
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simulation problem, aiming to validate individual disparities in the
problem-solving process among test takers?

3. What are the discernible characteristics associated with the individual
differences observed in the test takers’ problem-solving processes?

In addressing these research questions, the log data obtained from

Ticket Task 3, a problem-solving assessment item from PISA 2012, was
selected as the focal point for analysis. This item, constituting a
computer-based assessment, presents test takers with real-life problem
situations, wherein the capacity to adapt their initial plans to devise the
optimal subsequent solution in response to unforeseen challenges is
considered a critical facet of problem-solving skills. Specifically, this item
was purposefully designed to gauge the aptitude for ‘monitoring and
reflection,” one of the four essential sub-factors inherent in the
problem-solving process.
The assessment of test takers’ problem-solving skills concerning their
responses and strategies in confronting unforeseen situations necessitated
a methodical procedural analysis, culminating in the subsequent derivation
of results.

Initially, action sequence information was extracted from the gathered
log data, and subsequently, the types and frequencies were quantified by
enumerating all possible action sequences achievable using Access’s query
design function.

Secondly, in light of the frequency measurements, the application of the
Elbow method facilitated the selection of representative action sequences.

Thirdly, following the establishment of conditions and procedures to
substitute the entire raw action sequences with the chosen representative
action sequences, the intricate form of the ‘raw action sequence’ that
test takers had executed was effectively substituted by the
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‘representative action sequence’.

Fourthly, the verification of the replacement’s accuracy of the raw
action sequence with the most analogous representative action sequence
was conducted by employing cosine similarity information derived from
action sequence embedding results using the BERT model.

Fifthly, to analyze the test takers’ problem-solving process, Sequence of
Sequence (SOS) data representing the interconnection between action
sequences was generated, utilizing codes that abbreviated the
representative action sequences. Furthermore, this data was subjected to
process mining analysis to ascertain patterns and individual differences in
the problem-solving process, with particular emphasis on correct and
incorrect answers.  Consequently, a total of five significant
problem-solving responses and strategies were identified, focusing on
repetitive behavior, other answer submission attempt behavior, and
alternative review behavior.

Sixthly, by employing K-medoids clustering analysis on the five
significant problem-solving response and strategic datasets, it was evident
that besides distinguishing between correct and wrong answers, various
differences emerged in terms of problem-solving behaviors, types, and
characteristics.

Seventhly, as a consequence, eight distinct cluster types were identified
for the correct answers, while seven cluster types emerged for the wrong
answers. The correct answers displayed a tendency to extensively review
and compare various alternatives to identify the optimal solution.
Conversely, the wrong answers exhibited a wide array of problem-solving
behaviors, suggesting a comparatively deficient monitoring and reflection
process in comparison to the correct answers.

The research results vyield several implications and provide

recommendations for future investigations.
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Firstly, this study demonstrates that analyzing actual problem-solving
behavior extends beyond the constraints of educational measurement
based solely on outcomes, facilitating a comprehensive understanding and
diversification of test takers. It affirms the presence of diverse
problem-solving behaviors within both the correct and wrong answer
cohorts, underscoring the significant influence of the problem-solving
strategy  involving ‘monitoring and reflection’ on effective
problem-solving skills.

Secondly, the study highlights the significance of broadening evaluations
to encompass not only the correct answers but also the wrong answers’
problem-solving process. It emphasizes that even when arriving at the
same incorrect answer, tailored scaffolding and feedback must be
provided by discerning the various reasons contributing to a test takers’
inability to resolve the problem. This underscores the importance of
personalized support to address individual learning needs.

Thirdly, this study has introduced the potential for implementing a
process-based evaluation by identifying disparities in the problem-solving
process between correct and incorrect answers. This can facilitate the
development of a scoring rubric that emphasizes the information
pertaining to how test takers arrive at the correct answer.

Fourthly, this study has facilitated the derivation and interpretation of
analysis results by enhancing analytical methods. Specifically, it involved
setting a unit of action sequence data that significantly divides the
analysis units and conducting an examination of the interconnection
between these units.

Fifthly, this study facilitated analysis by replacing vast amounts of action
sequence data with several representative action sequences, and validated
the replacement results by quantitatively confirming the validity of this
replacement using the BERT model and sentence embedding method of
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natural language processing.

Sixthly, this study devised and presented action sequence enumeration
procedures and action sequence frequency measurement techniques that
can be generalized and applied to other process data studies.

Seventhly, this study introduced a novel approach by integrating the
concept of a language model, designed to predict the subsequent word or
the likelihood of word string combinations, into the analysis of action
sequences’ interconnection.

Eighthly, this study addressed the constraints of distance measurement
methods employed in prior research, particularly concentrating on LCS
and Levenshtein distances, by embedding comparable action sequences
into vector spaces using the BERT model, which was acquired through
Transformer’s encoder.

Lastly, in this study, the cosine distance was utilized to authenticate the
representative action sequence replacement process. Consequently, a
subsequent investigation proposed the necessity of broadening the
applicability by employing the cosine distance in sequence mining of
action sequence data across a broader range of topics.

Keywords: problem-solving skills, process data, action sequences, PISA

2012, BERT, process mining, type of problem-solving behaviors
Student number: 2019-32950
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