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Abstract

Social big data trend analysis based on health
and welfare issues in 2020

Project Head: Oh, Miae

The health and social welfare sector is changing from a pro-
vider-oriented to a consumer-oriented customized service
system. It is important to use social big data to readily recog-
nize these changes and to identify issues in the health and wel-
fare sector. The use of social big data is on increasing demand
as big data analytics has improved rapidly and an ever-growing
amount of unstructured big data is available for collection and
analysis.

In this study, documents were collected monthly and looked
at various analysis results to find out what topics are being is-
sued in documents related to “health,” “welfare,” and “social se-
curity,” the main keywords in the health and welfare sectors.
We also elaborate on the relevant methodologies to extend the
utilization of unstructured big data.

In this work, we conducted a theoretical review for expand-
ing the utilization of unstructured big data, focusing on embed-
ding methodologies. We examine linkage methods based on
embedding methodology, and describe the methodologies of

canonical correlation analysis and representation learning and

Co-Researchers: Choi, Hosik - Yu, Hanbyeol
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upgrading that are utilized in linkage methodology.

Social big data analysis can serve as an important com-
petitive edge in understanding the current situation of issues of
national and social interest in the area of health and welfare

policy.
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wly HIEEHUHOE 8y
T

I-"']I-I |:||I-Io=l|:-||0|E-|2|- X'IoiE"OlE-I
49l 84 Sh A3 14Y dolet
91}, B&o] phQle] whEof U= ]
45}

1. HIZHOIO|ES] £F
2o} ARz Zdghe] m,

FHZ 10T A
HEARQl 2R 4=
|89 A8 HLrt woHlE 24
Al o2 7i]19] dlolE 2 RE ojulE Zohr] et A7t EEEA|
Att. o= et /il Kol gt 24 Zlee] FE2 7ol FR1HE
o] 7% A tigt 85 SHAY]= F87F 8.910] HaL gloh.
ABAES} HZo] FLH R F718HL 9l v HlolHE dF-2
o] A 5 2T e S HA5H= An2 AGF717F ¥l F
A Az o] ﬂifsﬂrﬂ of A gdot B8/ AloFo] T2 Apmet
Ao o= 9l o] Hoflrle AP v GRS F25 HEHA 73
S0] AT HE7| = ot

=

7}. HMEH|0|E{(structured data)
143 dlolelet 28] FF dlojEl= 43k dlolg Bxof XA H
Rl Sl 4 I BT ARSI Py
TAIE

E'_

H| A&
ATtA 02 7 glo] ofn]
S 7HAtE A4S dlojEfHo] Arelational database)t AZH EA]
t}. glojEHo]A9] HARt

floletg wako] o
549

(spreadsheet) 5= HJEZAQI &2



64 2020 AM EHO|E 7|8t HA=X| 0f

3>
oln
0%
HI
1x

&S A5 HE 9 249 -rr‘q'ﬂ ULt v E Hlo ]‘39} LIRTAS i
tlojg o] E4E2 AuEE WF AA"R] A7t tiFolet |4
4 2 A7t gt dlol¥ 9] A7nHdatabase schema)

A ¥5t7] ol HolEE BA sk Hgo] HiolE ', & 2 E

Al &0 2 AYStE| o] It Data on-air, 2020a).

A7k Ho|E o] A0] 29} Aok o) s H¥HAQl BAIE 7]
=2 Aotk &, 7iA19 E44e Uetdle $4(attribute)? £459] J
GO = o]Foixl A (entity), 7HA| Atololl EAst= A|(relation)oll
gt oo} o] 50| FASfof T AR AEE 7|&Th AolT & 5= Q)
t}. st A7k Hlo|EH|o]A Wof HolE 7t AdE 25 YE
Wtk A7|uk= Hlol Abdol] AR, @A AAQ ojd B FiEE

=S|
el
oh

171 fIste] 57 dlolE HE o]gsto] vhEojZlt). wehA A7
F= AlZdoll whet MsHA] = S5 7HAAL £7 Aol dlolEH oA
of Eoi= HlolH QA AAE A0 o3 FFE Tt A7ke] 2= ARG
Ao} o & Aol At ‘ﬂ 121 glolEH|o]A9] 7], &2l HlolEH]
o|A F29] 7|&df| o|=2x 3TAIR FEste] Wt 1 FA2 AR
Aol &% =94 HolEHolAE RSt Zoiw &F oA
(external level), /i@ DAl(conceptual level), W TA(internal
leve) 2 W tH(QIFE, 2016).
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Lt. HH&H|0|E{(unstructured data)

4@ HlolEl= +4ekd Hlole o A=A g2 HolH=, g

AE Hao ]7]~—6P HIAE BA 9| ] o] ]/50“ /573 HlolE & Al

E
ok
Hu)
ol
o &
o
()
)
3,
.’3
({Q/
=?:
(o]
9,
O
ok
iz}
lfO
O
i)
%5,
N
Mo

] B *
UﬂEJr:rLfﬁé Zt=HlolH Al FEHl= HF‘F—T’— ke fﬂ ole] FEj 9| 2= Tt
7183 25 F7gsfoF sto] T 40 w2 A4
THRE 7‘115‘8‘@_ WA 7Fg-5todoF gttt
A A AA dloly D2 Aol Hls) uid 267k skl
Tl A A Qlom AJZto] 4% HlolE F7kE ks 7R3 9l
. 71 dlolE e A ] E+= HolHE A3 e =l ol2A

AUt v E "ol 9] AAkro] 71} HlolE 9] 80% ol doleh= FAF
e AR o 7€ AHPFdHolHe] BAF HolEH o] Arelated
DBMS, RDBMS)° H Aoz HolHE At & dad] mE SQL
< 2835t HolEE F&5te A2 §-8/30] "olxithal & 4= it
e, $59, 2014)

Z|= SNS 7HRIsHe 44 ) ERI=7T oA HA AAIZEo 2 =335t
I 72AS oJn] s ATE =S5t Al 51 T &, H|AE 9
F9] A4 ulyjojof| A TAEH(sentiment analysis)S /\]/‘] 3 ZH A
B] JFS RS ol ARAL HAE spshte) oulg A
T £ 24 TR0 o A B2 928 4

2 sofelin] FEEG. 2T YAE ¥4 oS Ao &
Xé ol gt dise] A4S =45 I3 == Ao Aot

glo
ol

mﬁjﬂi‘;;e

_—
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1z

E%(web-crawling) ¥ &2 AM 7|&S ZQ =
%L;‘é, T4 FFEoIA Holuk T2t Hi, od 59 At dolek £
A o & stof thFst A d(sentiment) = 7T 4= U= 8 7HA
Asts /el WilEo] 7= o] 85l JItH(DATANET, 2011).
HIAERAMOA 7|ZA 0 R Q%= Ao} X2]7]&(NLP; natural
language processingh 272 AoIE AFE7L ol 4= U=S She=
71&2, o] A A=F AFH7F gofd Ko Fejt AEE FHESH Al
S G E O] 7 2jo] s HlolE7t 7H 5 welslk=t] ARES
I om FEjAEA, H5E0](Z0], HIEO], AlR0] 5) 4, THEEA,
0] 24, "@okEA 59 847]&0] Fasitt Adoj9] £A412 AF o]
2o 2 HE gejA EX(morphological analysis), 7~ 4 (syntax
analysis), 2]0] 4(semantic analysis), & H-4(pragmatic analy-
sis) 5= 98 @A EAAHE AXA "k
Ao} AP E H= ok H|AE 74, 7|4 e odof el 9
S AAEE EE0IAY) 29 3414, FAAY 7t AdE
of 7RI A Y o|u|A] B BA 7127 EAEIL = FA°lth |
A= &-8ol7] A Aol A 7]&2 thF= 712 71¥Hrule based)2
AP EFOE 36| ol 1 ek A HwFE o EF
| Gojzth. shAet HFE st=golet 71 AIg5(machine learning)
&9 F43 HH o= o] A7|& AA| o]} H|WSHH Foldt
J6< Kol glon, o= GPUS E2h-E HARES 83 U=
o] vldlolEl e} wi-> BTt HES o5 e shEol 7hse "l
(deep learning)¥} Z=2 71" Ao} A2]of A-g-5tar UeHSDolH|
o], 2018).
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Ct, 2P4340|0|E{(semi-structured data)

"3 TlolE= HlolE7t REAH 2 PR E 7H HolHE 9y
ot i ®H o2 HTML, JSON, XMLEI} 22 = ,H% NP9 HleolH
Helol ¥ 4= Stk dubA o= Ho ]‘3“1] [EaS=gs

YaoF A7|ulrh Z2j o] QlojA HolES o*éﬁhﬂ, Aot

Q‘ﬂ AUt 1L JSONOJL XMLQ— 22 HolH o] 25 714l 't
|olel= 3t g AET U] HpRgi} gha BT 7HA| AL Qlth
Oﬂ S 5ol A1 7|2 3tH(Data on-air, 2020Db).

XML(extensible markup language)< HTMLY} 1|3t i1 59
FE22 78k up3d Aoj(markup language)°|tt. AR 71417 &
Alofl 917] Het F2= Fo]QlAL Hlo[HE HojF= 4o ofd, Ho|H
Aot Agd H24 o =it vhEolFth. XML Bl 1= v|E] o5
1A 431, ARARZE 215 Aol o= Qlnh. (19 4-11014] Aot
152 7 AorA 9] F&(family)¥ Hol(age), FA(weight)E 7t
XML 241 9] fA[o]ct.

1o ot

oN

ox,

[ oft ox
_WL
111

o

e 2 e
;O

(22 4-1 XML X2 OfA|

<dog>
<name> % < /name>
family > ZAI 27| <family>
<age=1</age>

<weight»2.14< fweight

</dog>

Z}&: http://tepschool.com/json/json_intro_xml 91&Y: 2019. 9. 1.
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0%
I

A, JSON(javascript object notation)< {7 Hl°]E& w2kstal
A7gst7] 9ol TEoldl ElAE 7|Hte] dloly wgh FFEo|t) AHpAA
E 7Moo g drEojfon A #7Me e ZeIHY 1%
GAA o EEZo]1 ot 2 7Y Qoo A% JSON Ho[EHE
AR 4=tk (19 4-2)= JSON FAlo] gt of|Aoltt
(TCPschool, 2018).

40 o i

R

(72 4-2] JSON X2 OflA|

{

"name"; "AH

Al
"family": "2A|27]",
age"t 1,

"weight" 2.14

!
A& http://tepschool.com/json/json_intro_xml 91&<Y: 2019. 9. 1.

1 Hlolele AP HlolE, v d Holelet ekt 22 5171 of
Hot. 270k & A ofE o] &= AFHCIE S dHal & & 9l
ot dE S°1 O JSON FH=Z =Hof e & W& B2 ¥ 9 oy
o} 817 g dlolH7F AR F2Et S 4 Ao @ HolE o] 2of A%
5ol e 4 g2 FFHCIEE & 5 ot ® HlofE o] 2o A7
=9 A5 v d glolgE & 5 A
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k=i=3
=0

Hl6(0|Ef

By

X4 H|

[on]

A HEE A=mel HAES o

F

R A A g B KSR

o _O
™ =

Lt

oAl oju]

o] AdH|d(word embedding)¥ &

3}

glolE]

]
=l

B

el

lEI:I]X‘:‘

A

2 A4

a4 ol

SolM =

o)
o)

Hl}o

ez g

o

H

o)

‘UO

H

A1 <]

2 99

HE

@ A

(representation learning)®]

mK

A% (recurrent neural net), ©J€lA(attention) F+x

e
Il

net)

ofe] u]g

=
S AEl(recommendation

AR T, B /EA

Alw

X

%l
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1z

H2E LU=

1. Y=(embedding)

Apdo] 2] Zopoj| A o] du|Folgt 71 A7} o3 4= Q= At
£ o|Rojxl WEE HolidS 5ok I 11 A3 vEhdt
(Bengio et al., 2003). tEZQ] B8P FE2] A= HAER T A]
= 9ol 23 el A& fshAl TolE oA Wi & Heksh= o
o] vt=A] " Qs olE Yt IWd(word embedding)o]zt H2
), A&2 Q1 WA= A4 Tof Y] AeE V7L sHH shte]
ol & sjFsh= ©@of 1ol 19] 712 7HAAL Ql= XA #lE(indicator
vecton)E WSSH= WS L83ttt 7P 712l dHld B
TF-IDF(Term Frequency Inverse Document Frequency)=, A<
o] G2 Eafisto] AAH FA-THo] YE(document-term matrix)

oA AHEE 5= U= W oR Tofo] 54 o5 03} 1 5 St
= A HEE AT TE-IDF W2 ©ol9] 7l=of H]H5h7] o+

o
=
F L ojxFekGo] HeAo g 3257 Q1= word2vec(Mikolov
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et al., 2013), Glove(Pennington et al., 2014) 59 7|&€52 UX%t
(dense)et AA}AQ] ALHEE HHT O ZH H]|S=5 oju| 9] =
7 AZ(FEEY A A T2 FAR] FAEE)O AAoteSE AHld 5

742 WS % 9ick.

(28 4-3] 1X 2L

wait l:l:l:l:lI_

for g .

o o

; -

and 1 %
dO - v.”.”"-.“““
n't g

s -
it

nx k representation of Convolutional layer with Max-over-time Fully connected layer
sentence with static and multiple flter widths and pooling vith dropoutand
non-static channels feature maps softmax output

ZZ: Kim (2014). “Convolutional neural network for sentence classification”,
Proceedings of the 2014 Conference on Empirical Methods in Natural Language
Processing, p. 1746-1751.

QY PHe EAS Bkl AT 4 Uk AUL AT et
(19 4-3)2 EAE Azo] gat 149 THFRFS Bestel wolS
Pegsks 7MLl A02 do] Aol A3l we EHoE
QAT FHYRFE 2] HolSo AR &4 FHE HEF
02 ol /TR FREME Sho] WIS T2 E WIT S
AR WA HoplA 3e BEHE FHFEFol Ao} Az BA
A% ZHEY 5 YIS AT S Utk FUEOE T 32 A8

E?l'.
<
O
H
ofl
o
Hu)
st
(ol
ol
flo
i
ille
ic)
s
i
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Fola shte] Bl n7le] Golz Y= oI ArT s, 7t et
o kAU YHY AMEeka S 2, T BYOIA i wolg
v Rieh B, i Holg EFSle] A4H 71 oz 74 £

A2 A#l(concatenation)sto] EHHH
Tizir; =BT D Dy

ot 2. =gl Ad(kerne)?| 2715 h(HGF, bandwidth)zt &

2}, of2 Welo] 283te] PHBANS S5k YYHRERH 57
=

o,
]I.ﬁ —M
ol Lsi
A
[
bt
rlo
S
Il
Ne)
A
1o
ut!
2
1o
e
I
S
;{é
1o
>
2
s
)
ot
o2y
iy
Ku
1z

370, 717 I (n—h+1=9-3+1=7)% HEES d= 7}y
Hojzoh. TE Y Tli4g== 4019, ofn| | 9] Ao st AHE o o
Y] e ARG ol AEO] A7) 20/t g TE 9
wERM"E T3, AW b7} FolAH WA ol Y|P E o]

S N e o
ik o X
qn = =
ST
2

Ci:f(w : $q’:z‘+}171+b)

£ 9 $ 9ty o7]A, f= A (activation function)o|t.
H {iﬂ ]1:]_’0101] Zﬂl%—a}or] [%:hvxz:hﬂv'"v%—hﬂ:n]

i=]
o} o] Z25 el 7V e BESH, AET 547 EE B



2. @EQIFAM(autoencoder)

AHFIHE F 7HF 7|2F 02 d#f vX & g<5(unsupervised
learning)?! @ FAFH(autoencoder)o] ol LolEEE 3itt Q&
QlFG L= Qg0 7HE &L o= AAYOR QEQFY, WAHA
QEQFTYH, 34 QEQFYH, Lo|ZX AA LERQFTY, HE QEQIFY
Y FAEE ofg] Mol ot

LERIFH= IFHe HEAHE =] =t (L9 4-4)¢F Zo]
o] YHES £ 0 g BARslE Aot 243 (hidden layer)2]
T4 £ 48=(input layer) ot A A AL ZA(dimension
reduction)stAH, 42 HloJE o] ko] Z(noise)E F713t & A& U
< EY(reconstruction)@ &= Y= F HEHIE =5
QLERIFEZ} Ut o]=et thefet e LERIAEHTF ©ed] 4Y
HolB o] 42 HIE YO T T EARSHA] EoteS A5, Hlo]
& 2840 & H¥(representation)sh= WHS Sh5oI=S Alojgith
QEQFHE (I8 4-41¢F 7o QA FE(encoder)? YFZH(decoder),
T o= =0 it

@O QAFZH(encoder): A HEYA(recognition network)C.2 A&

HE S 325 FIWE 2 HESH}
@ Y3 H(decoder): A UEYA(generative network) 22 &

= =93t

Ol

4171

5
5}
2l
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(08 4-4] QEQITHO| 11X
°|3'_E1 Cj3G
(Encoder) (Decoder)

A& https://excelsior-cjh.tistory.com/187 91&%: 2019. 9. 1.

LERIHE YT 2859 7o a7 TSt AR AlQjshd
ARHH Q1 o5 A7 MLP(multi-layer perceptron)¥t 533k +&
o}, LEQIFHE UYo R N2 EHJEE AFA5] W&o,
2|43} gidol He FA42 d=8y Az AE A=Y B A
Lo A% o]F BE YA Hreconstruction error)gt FEH o

=

¢

N

=

2 o, 949 YAAR A9 HF QA SARLEA AR £
P42 5 4 Ak SARE YT 229 Ho|9l WAE AT A
AFRITE,
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(23 4-5) Mnist At O[0IX|0f CHeH REQITHS =i =4EH £ 0[0]X|

—> Encoder —>E—> Decoder —>

original
input Eﬁ;ﬁ:structed

Compressed
representation

19 £719] 255 H3(compressed representation)2 YHIE HEIE LER.
A& https://keraskorea.github.io/posts/2018-10-23-keras_autoencoder/ I&Y:
2019.9. 12.

QERIFT= 24939 (= 5) 47} YFFHt 2| el Yol
AP o R FHEEY|, olEdt *EJFEHE A% (undercomplete)

LEQIFHAL it o] W2 AAEE 7= 249350 8l dH=

3171 18l Shgsfof det. o]
EXd(feature)= S50t S ’ °
F2 h=f2)R r=g(h) S BYH 3 AEE dFdety 5 @
EQIFEHRRE h7t o Beh B2 AEE 7T EF ARG AS%d o0&

FHE THAR(training data)ollA 7 FEHA EAS E36k=
o

of,
(i,
Mo
g
ol
o)
N
i)
>,
*0,
[o
L2 £
I
n
©
P
b
P~
k<0
—?—"‘
fr
:?L
oft
b
>
ol
+

X

(principal component analysis)2} &Lalctal & 4=
. RERIFH Y HASIEA|= th Zo| FAAEEANA E8E=

PO BA-KLAHEA R At

“1
r
d
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MAFAQ] A4=2710] 7| A9 (basis vecton)JES W= [wyw, - w,]
252t BA-KIAREAIE F013 ay,a9,-,ay (0, € RY) AZHEE At
A ZTAHE wy,w,, - wy R 01RO KA HE o R FYot
of 71 wisset NS KA HE oY 6l -0 B AAdsHe AP E R
714 ¥ €] (orthonormal basis vector) wy,w,, -, wyE = EAZ &
4= 9lck. AFH L 71 A E o thiet £ (projected) o) = 2 7144 E]

of tigt W oz vHE &= Qitt.

a‘ilw = (aiTwl)wl + (aiTw2)w2 +---+ (al-ka)wk

K
= E (aika)wk
k=1
T
ap
_ aT -
HE] 0y a,, 0y S PRER AL B A= || 2 7504 BE
ay

e A9 AlE g2 FE Q| k=FHnorm) 22 ALt 7hsshH

N

Y Ulad =1la) 1) = 11415 — lea”wl\2

i=1 i=1

F_B_,
ol

b g 2

il
g

o] Ht}. 0|5 ZAIYE FHIE ET

N

ﬁjmﬁ*ﬂﬁgg [ (a"w )wI* = EZHa will = Z [ (AT A)w,

i=1 i=1k=1 k=1

FE) A8 sto] EEH

o,
i
e
i
o
i)
1o
kl



HAZ HIFHHCOE 2#8Y =

Lot
o}
fjo
40
ro
(ol
IE
rhu
re
-
~
~

k=1

K K
MwlATA)w, = Y wl (VEVHw, (4-1)
K M Tk ou
- ]Z] wkT(/‘;J?viviT)wk = kgl,»;U?HvikaHQ

7ok WA 7 2 A7) Bolgto] thgake 0. 2% Sojue)
ZIAHE L o 7P gho] ARAA He & & Ut ol A 4-DY w2
¥ 27 sk 719 Aol SRE w, e TR 4Lz
Q8% 7AME % 1% 2 K79 Bolgo] gh8ale 8% Solue]
7 HA57} Ak, 0% B-K 2ASH] Fej

rlr

wy
T
GUW = (aiTUH Jw, + (alTwQ)w2 teee <a7tTwK)wK = [wl Wy« Wy U{Q a;
r
Wi
= Ww'q,
o} 2}, IR E RQUES o2 P Ax
(a!W )T alTWWT a;

o Folgg ¥ 4 YUt 1N Uy P
WIS FoH Qe FY A9k by v

25
AN
SUSIEE T 2ol o 2AE 2ET 5 A

argmin,, ..., 14— éWVKfH%
4
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o714, g(n) tEe] ol h= /(x)k Aseolct, Lo}
Azl sl

i
ku
@
Lo
i)
&
of
2
)
W
Y
<
_>|4_|l
ﬂE
)
i)
1
W
(e
Fol
o

(supervised learning)2] x}o]7} Qlt}. QEQIF T A|Ed5ofA T
o g QitE SV} Qlojk HIAE S5 H(unsupervised learn-
ing)®] FHOE SR52 T 5= QUth T HIAE EAo|A 7H g 2ol=
E#;AEH(transformer: Vaswani et al., 2017), GPT2(Radford et al.,
2019)2} GPT3(Brown et al., 2020) -2 A4 3h59] E3(task)7}
oA A] e AJBolM e LERIFHL} FARE 549 A7 |Fk X oy
o

(self-supervised)S &3l Yl A =sk59 ALE FAANZ = IS

A}, O Qo] & Zeolug BYdilo] Wam oz Wajslr @ B4
Ape] Z30] olEsl7| Rk olHE Bt S4L ohe] R A174u

Fz3to]4 HayEt
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3. HE Q@E9ITC(variational autoencoder)

WHMEZZ(variational inference)> Alilo] o8& FEEELE, OHF
7] $1& BE ¢(z) = FAEE ol ple)e o &

FEH o] FokollA= evidenceZtdl EHTE o] 9| 29| 5%t
(evidence lower bound, ELBO)& t33} o] 3+& 4= Qlt}. p, (2) &
05 Eo=E ote SERFC|TAL sHil o] FES HdisiRithal shAt.
qy (2l )= B ¢E 7H= GEE Ol w4

fu

logp, ()
= logpg(x)/q¢(2|m)dz

— /qé(z\x)wdz

py(z,2)

py(12)py(2)
= /qd) 2lx) log Iy 2 dz

z|z)

, (2lr
- /qd)(zx)logpg(wlz)dz—/qQ(zlx)logZ’HEizLT;dz

qo(z‘l’)
+ f%(z\m)logpg(—z)dz

= E, (ynllogp,(zl2)] = Dyy(q, (2le)lpy (2))+ Dyg g, (2l Ip, (212))
= L(0,¢52) + Dy, (212 )lp, (212))

> L(0,¢:x)

] B5A0A 21 &FE logp,(z)9] 98, WE dSl¥Hvariational
lower bound)?! ELBO

L0 ,p;x) = E, q,(zlz) [logp(;(a:\z)] DKL<CI¢(Z‘$)|P9(2))
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FoAH zof U5t AAFEEZ tIFYgroltt. AR F(generative
model)ofl 715t A HH O] 7| A o 2 de] S8 itk

HE  QEQIFT(variation autoencoder; VAR)= AAAEFE
(generative model) & SIHZ, ZEEE p,(z) 2] oIS 5T
22X HlolEl & B85t AL HHE T A YEYI= sh58
OlE(x)E UHo= T A Mp(2)S] FERZ et B4g S
t}. olE 50 At B2 FF ¢ = (n,0)°lth. HEH= FA ] o
St EE BE p(z)oA AEDT HEHE dYitol, 92 oA E 5Y
qtet.

HEFE2 o[l dEREE HEAN o|E F43517] A o

27] 3% EXE(approximation class, JHEZHOE Gaussian dis-

fin)

tribution) 7PEHL o] SEEILS| BAG HHEI, o]4HQ BER
2o ZASHA BhEo] 1 SEREE oAl ALg Sk Roltt Ty 418

BEE ¢, 7L 0, AFY ¢, (zlr)= oVHR] FE BE pala)ol

20 4L B, oGS AP BR(E ATEDREY o] A4

=3
S Agelolet. o] T v Ukt do] YHBL Julstoz At
Zhgeha 4 9 e Bk Hools s 2uH BYe gAse] 23t
2 450t W H oA Ou] 9l 29 FS 3] 9T ATES A
sk glom, ol Fof mye] Ankg Alofa & A Hrt
Helstd, ME 9 EQlTTE HH2E o) D Fold HoleS T 4

ol
o
rir
ala]
=
'
i
1o
M
]
ﬂllﬂl
e
Kl
)
S
0O
o
o
0]
1o
18
@
S
o2
=
g
P
f
1
i
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Y& ofm|R|et FARRE oH| A S BYshE AS HEE FH(decoder?]
9D). JAZE 9] FEL2 Hlolg7} FoHZ W HEE7t 2] Hlojg=
FEUT o Qe A 2 HAEY T 5 Ue oMFHY HEEE

pzlr)S 2=
] 5o A<&3t MEZE(variational inference) &-83Hc}
4. O{HIM(attention) +X

FZ W9 Ego] Bol EE&HAL e AIFE odld(self-atten-
tion) = EWAIH(transformer; Vaswani et al., 2017), - BERT
5 A Fxo|A WA Fejolrh. ojdllH(attention)Z AFEOf|A]
o] F5< F&o) Bt i or ol A (query)oll Hish 7I(key)
U526t ol key 52 #h(value)oll SJsh A €.

WA AR () AHES 2, E RIS} FEUS S RO B
o2 Fgeiol ek 3. T2 A ool et A2 (o) S A
Bt

]

n

y(z) = I_Zloz(:v,:,m)y,; (4-2)
£ SoA 72 5 A o714 ale;,z)e= 03 1AR]9] gRo= i A
A =L WA, FAMIOl 78RR 7HSAIR 11 ko] S5 19 717t
<+ 42 7Kt o]l ¥, 2§ query, 2,52 key, y, 5 valuedt AT
At
o]g3t ofell A(attention) /N2 AE W (kernel density esti-

mation) FALHO|A de] o] Nadaraya-Watson®] #AE3]H
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fijo

(kernel regression) 217134%02 4Wa 4 dck. &9 F74%

L SiEAL

Zn] ky, (x— xY)y
my (@)= ——— (4-3)
;kh (a?—acj)

o714, k= HHE(bandwidth)o] n <l #Egt

“*(kernel function)
ojtt. 4] (4-3)Z 4] (4-2)C2RE {FHtt & 5

e, ol sl
371 43l 4 (4-39) BASHFE TSR, A S S e
alra) = ) o 0w o102 masn, 4 (432 4

/;kh (x—a:j)

L oy (z)= Y ale,r)y, 2 BET 4 glom o] ofelHojA] AluE
i=1

2] (4-2)1} 5L IRIT 5= AU

HEAQ] v A=Ql HAE A7of oA odldS 11414 &g
Al o2 2 of’lAd 71 o] 71242l ofoltjol= HAEA &
g ©@olE A &sh= m ARt QIZE A AA A == s Al

oA dl&dfioF & Toje} Aol Y= Tl FiES £ U B2 AR
g5k Aot

oldlAd #Z = &3S query, key, valued #+25 &-&3ict. o=l
A= 012 query©ll toiA 2 key2te] FAMEES 22t 15t
FALEE keyel W3 HoiQle 24249 ghofl REQGsh 4= dgoltth. o]
A7 HhgE o'l g 7 Akste] 4RSSt Querye ¢ AlE
o] fF | MojA9] 24 AejoH, key= HE A9 AT Aol 24

k
D)

T
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Jefolth. Value= HE A9 1 H A9 24 =2 #tolt.

(19 4-6)2 seq2seq BF(4E Fan)oA Q] ojdlAo] &g st
Aol A U= YUY E O itk =24 T am a stu-
dent”of| Tt 1Y EjAFof| s,

(O3 4-6] seq2seq ZH0iA OEIMNS| &E

!”

. Gue

LT <EOS> am a

A& https://m.blog.naver.com/PostView.nhn?blogld=ckdgus1433&logNo=221608376
139&proxyReferer=https:%2F%2Fwww.google.com%2F. Q1&Y: 2019. 9. 12.

A& S0 U= FEIUS 2 82 Fol2 F1YA] Tam a” 9

Al ©ro] Fofl oj' ©of7t 4] F E8S AT o A ot =
A A=A HS5HA “student™ 2] HITFZ ALtsfoF gttt o] wf of
HA g2 3 t3Y Yo 2Ry HE Ao tisf| Al4lo] EHil o] A
AR BE Y3y ool BHEHE seq2seqdt oS ATt 2
o AME o U= oA FF= Ttk o] T 7HY AT A2 E
7H:1 ofdl Q1 “dot attention”ofl et +2= T3t At o€l g2
g Alofl QJIFE 9] ol A=A tof] HSL ARJAE A8t glo

Z 0O
9
[,
)
rlo
ol

iNAQ] T HET} s, IE}I_’ oo AT jA]
T

%
olgtal & »/—\-’_Qﬂ'%}:?_l e, i e = attention(s,_,,h;) Q2 HOJE 4=
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tod

ool 2183

/13‘6‘

i]—
=

EW A(softmax)

ATE

I

4

A7k} 7

a,;; = softmazx (eij)

5t

sfof

Te A
g o] & W E(context vector)gt F-2t}. AT T

H=

o) 745

=

Uo] w2

to] Hae el 7t 4]

£ 885

o 2 A h

2o %

=
=

SERREER=E

0FrO
1o

o] 81 Q17H-t7E e} 485X

ol& =LA .



P71 Sfet

o

o =S QIE YYE A7 856

k=i d=2

FHE0] disiA Al g

=

9]

LML
SHH

R84

=E
§-_1_ ;g]-ag]x}ﬁﬂ- H]@%Z}i‘% ﬂzﬂ
o171 917

270

°

X4 H|

o] HoflA & Agof 7|4
P29} v R B S o1

X3

St

=
=

AF+EY

s

olo

ey
oA <]

o A
L
].

/oluAl/2H e 2

o grE
A FEE1 ek Fed o) /1A

o

[¢}
(representation learning)

Foll A1 33

Ho

L

&(representation learning)

3= gHd(embedding)S

51

|

ol
5

s
ol of 2

< 92#d(deep learning)

1.

= ufj g

O

(symbolic) 2

3t

B
H

o

YW HEAD A2 A=, 7ol o

H
H

H}

Sy
=

Tor

20
=

Tor

Bl

g

ojm
X0
=y
)
o
A

Tor
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FATFO] 1A o= AjkE E=1F MAl(Restricted Boltzmann
Machine, RBM)& A1 7|2 3}, A RBMO|A| E-85k= 8-0fof tf
s Zkts] Argeitt. (T1H 4-7)3 o] AH9] 471 471 ¥ 7Hse 7t
A|¥Z(visible variable) v= (v;,vq,v5,0,) 9} ZFAQ] 47} 391 &Y=
h= (hy;hy,hy) 0] AAH TIO] 22 ol chy 7HY5AE 77H9]

RE ¥ 03 19 o|XgHbinary value)S 7HAtHAL 7514}

(02 4-7] RBMQ| 2g{X

E(z,h)= —blz—cTh—hTmn
3
= —beL‘— Z(hk(ck_ Wkl‘)).

k=1
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A4 b9t = AHATES Sk Folet E 5 e, W= hot a2
FEAEFol T o= Ark. BP9 Gofol M AlRH(restricted)?] Jvl=
AR g9 o] RN Al DA Ei= 2wt [ W52 22 A7 1383
< RBMOM = IL&H3HA] FZ0llA frefietct.

]%l%k% 7= ¢AH 9 hol A e 7Hst 290 mHE ZHE o]
A]

i

|
8
Il

_ 1OgEe*E(h.I)
h

b ch+ h W
= —loge Z e
h=1{0,1}1

7 71y
_ _bTm_lOgZech+h Wz
I

L
_ bTm _ lOg Eeclhl + hy I/IV"I;I;Ze(:Qh,Q + hy Wy . Zecqhq +h, W

hy h, h

q
7 ch,+h W
= —plz— E logg e TR

k=1 hy,

— bl — Elog 14" ey,

q

|
A &gol 19 AHE M FES A]OXo|=(sigmoid)
1 = =
plhy=1lz) = Wi FoIHE R 5 Utk Y HHE
e
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plz; =1ln) = -
1+e

o] ¢ZAH  h=(hy,hyoshy) e AHTHEIR zo] Q% H
(representation)2.2 ojZ 4= QI ¢, his B 7635 gouF ¢
7F oS o] 2R S 7IN e R ROy /dsHA Hrh

RBMY] o4} Zro] =3t Ar 2 HE] 135 2L 549 2dS

st5% Hd(learned representation)©|2Fal 51, A =Sk Ao A
A& = A= Hl 2 AMGEIL Uk FolA AmE QERIA
ol o]#3St E S5 (representation learning)d] ¢ Fdo0=2 EA
FE2 FY¥cks HHolg & 5 Utk 2RSS U 92 EAY #
A shgotal, 0|99 ASE ok 24 B 7o R 54

ATol AtE4E Tttt HEOA FR o BTt 23S g5oHd
A AR o A NG T2 55 AR IEA

H7J 9 HlolE 9] HY HlolEl2ke] A= HIAE, o]n]X], 2T 52

et AmEe B2 El(modality)et A=t 9714 9t SHHP=
1qﬂ}ﬂ(multi-dimension)—— 7H4 2= qlt}. thE wgE]E fgolHy 7+
E‘:*E]EV} goItt AIH 4T 47 oE £ AAE 4L A E
o F 200 S8 2 slens i At 4ollol Az o
£ fees T e o REEE okg2 olHet tlojHE 2E
4oz Helole] BEA0E HAHE Aol H3oH- 2T 9 A
A& sh5dh= Ao] a5

FHSHEO Ao 2= @© 54 HlolE =H<l(domain)ol et A9
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2] 2| 4lou} Bo] tha ot I5H Amet Akw B4 A
3 ThgRt £ATE 8ot AHgS 7 4= St A& £, 99
o A9l HE-Eolx Ao kAt oA AELo|9 HE AEH
59 TP HEEEE o] ey HEE #dE £ Utk @

g §39 HolHE A& t2 dlolEe} AAE T =
o], A2 tZ BRI HE 7= HIFFFHY oln]A],
SAE AT 5= Q7] "ol S 7H] g ol 7hssttt 6

| 3& “Aolv Y E et B2 A& (symbolic) %
of oA EEY 4= Ut

2
19

of

2. HEMEEEM(canonical correlation analysis, CCA)

Tkt R EE2 AR T2 S8 71| Qe o|E 719
S BE@stoto] 46177} of 22| X#*Jl%*
FH ] g EHE 7W Z}EPJ AT B4 282 5 Qo A

rlo
o)
)
ok
=
s H

1o o i
rJ
e
4%
flo
2
s
ot
A
o,
ol
Hu}
19
n:
f
ool
i
O
N
N
o
_|L
N
el
l-J
_&
)
)
1>
=)

o|E ] gt 2%t E?@ a 9} : O] 1°} H’—ﬂ%@% 9= st
£ o2 EopollA HAP FFZ F5t= #'d CCA(kernel CCA), Al

, @ CCA(deep CCA) ¥ 5 AME CCAE
ZLSFE CCA HPH So] de F-85 1 9lti(Zhuang et al., 2020).
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3>
oln
0%
HI
1x

(1% 4-8) 299

(o)

A A A

(12 4-9) 299

A AR A

M

7 Hsol tieh EA e R et Fe-ol A2 (1 4-91%
o

2ok B3 (29 4-9)& F W49 358919

= o, F W 29y 3&74] Holzrh A&y Amol et 4T
249 BE4 i ors FALEHS 2 ~ N0.)7F Fo1A s o
v}y 2ARSLEEEE

zlz ~ N(W,z,8,), W,e R" "V
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Z}&: Andrew et al. (2013). “Deep canonical correlation analysis”. Proceedings of the
30th International Conference on Machine Learning, 28(3), p. 1247-1255 A|Q1-&-
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Z}=: Srivastava et al. (2015). “Unsupervised Learning of Video Representations using
LSTMs”, Proceedings of Machine Learning Research, 37, p. 843-852 A9l-&.
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27 stsd 5 = 7189 M & & At ou|R] A7 o] B
fExoz 8= FAYEF(convolutional neural
network)% 1_4'\_74] %‘0 3" AEFH(convolution)?] FARS A
ot H A Eopol| A F-2 = QAAIRE, FH ol
]\i} /\olc‘?l"f} 33—"% ;%-"JQE 013 FALRFL ou]X A W oy B
of9] EAloA 71t g 2ol= HHZA]I W o s AEujstlt. (11
d 4-12)= LeNet-5 HHAFEFOE o|n|X]ZHE 45 722 HEH
A5 &-&oto] tdA Q] FEFE IS Shaote 2 UEhdnh

z
&
0
rok
d
ot
)
®
m&"
;9



100 2020 A4 HlGoj] 7|8t BHSX]| Olf% &

0
Gl
1z

(O3 4-12] LeNet-5 27X

€3 1. mapn !r.gmnn

C!: feature mags m 184S
WPUT :
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Ful connection Gaussian connectons
Convolutons Subsamping Coewoljtiors  Subsampiing Ful connection

A& LeCun et al. (1998). “Gradient-based learning applied to document recognition”,
Proceedings of the IEEE, 86(11), p. 2278-2324, A|Ql-&.
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[O8 4-13] &d&5(convolution layer)
112 3 o0
2 01
0 1 2 3 15
012
301 2
10 2
2030 1
1 2 & 0
2 0 1
0|12 3 15 | 16
0 12
3slo|1 2
1 0 2
2030 1
11203 o
2 0 1
0 1 2 3 15 | 16
0 12
3101, 2 6
10 2
23|01
123 o
2 0 1
o|l1]2]|3 15 | 16
001 2
3101 2 6 |15
1 0 2
2 3 0 1

A& 271 (2017). “WHPERE AlEsks ged” O™ 7-14, AdE-

[O8 4-14] 23&(pooling layer)

1[2]1 0 1210
0/1/2]3 2 0 1 23] 2|3
301 2 301 2
2401 2401
1210 1210
0123 23 0123 23
301 2 4 30 1[2] 4]2
2[4]o 1 240 1

A= 7]

—~

2017). "HHERE AlFske 92 29 7-14, AA8-
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A2 B&sl= oul23 HiH(semantic segmentation) ¥4
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FE0| 54E FEUH. 5 AlISold e F2 5o ET E3S
< WEAoz Hgste] WS . E SolMe A
59 g2 dgiot TRd 7HSAl diAEE sk i £35S
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S 271E &9 A HEA siFe 98 v HA A
2 SMe FEE FDSY SAS YYo= 51 ShEEAE =

ol

oJujAE ek 7IE FEOA ThgRt WA o] mEe
o, EZH 22 U-net, W-net 9 F4T ZF= 9= = = AU



RIA% HIHEUEOlE BRY HES gt wHE 97 103

AAFH ] HEHA AZFZ27T 7= Bt FEAg S 7]
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5)& U-net= %61, (19 4-16)2& W-net®] RFFZ2E YepdHT
U-net2 Hfo| |t] & Holoj| A o|u|Z] E&image segmentation)

2 EF o7 A9 end-to-end W9 HAZLfully convolu-
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Contracting Path Expanding Path

@*—- Channel £

128 64 64 2

input
imag

output
segmentation
map

¥
¥

»>

o

390 x 390 ’
388 x 388 ’

392 x 392

572 x 572
570 x 570
568 x 568

' 128 128
256 128

284
2822
280

EE 3 et = conv 3x3, ReLU
- b s s copy and crop
S e BN # max pool 2x2
Slh - B # up-conv 2x2
”-g B = conv 1x1

A}&: Ronneberger et al. (2015). U-Net: convolutional networks for biomedical image
segmentation, ArXiv, abs/1505.04597, Q-

Contracting patht= YgoJu|x]9] $5& B3 E(context) ZHE
£ F=5P7] fIet AFY o] sigEth H§ VGG(Simonyan &
Zisserman, 2014) AQ<9] 3/dgo] &8t (O™ 4-15)9 U-Net
TRONA EFY 23 o] A2 FERE HIEFHER Y A5 FE
o] FoA 1FOo = AZAEE skip connectionS F7F5IHEE o7]A,
skip connection TEAFA Q] 7FASHAY E2(shallow) HFH
o 92 EHAT} /Aol & o]FofX|A] gk 7-¥(degradation)
£ A5 Ystod 19tEAtk(He et al., 2016). Bio] 2HtjA Hofo]
A= olu|R|9] JAHE £ e 295 =5 "adol 7l W

2o ALYl EAMS up-sampling IHFS SoA4] 1ago s sH4
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[O& 4-16] W-nete| X

Reconstruction Loss

soft N-cut Loss ]

... egoNslnCted
2 e e 3 iMage

input
nage b
lile 3

= conv 3x3

= separable conv 3x3
/| # softmax layer

= skip layer

4 up-conv 2x2

§ max pool 2¢2
wconv 1x1

\ J \ ]

UEnc UD“

A& Xia and Kulis (2017). W-Net: a deep model for fully unsupervised image
segmentation, ArXiv, abs/1711.08506, A28

o] Qo= &xH FAdH(dilated convolution T atrous con-
volution)= & A8 LH 9 Ui 032 Y= HHOo=E 7I= A=
o] Zgshd 7S Al(weight)d] i4E S84 @1l 929 37
(window size)& €94 4= U= WHCE 5Y ZAAo|Y HZ7} 4folet
oJu| | & QlAISH=H] ulj-¢- B3}A ot



106 2020 A4 HGolg] 7|8 HARX| 0|% B

o2
AT
1z

Ct. sH4 7ksgt O|0|X] Y =&

oju]z] FH9| TRk TefEAClA ‘rr‘Q‘O]'ﬂ] 5= CAM(class

Atk CAMO| 125 *Ehl%_HJ} CAM-J Am} %2, 0131 g o] Azt
£ AIsH ZH(global average pooling: GAP)S AZEWMAS F3f &

B3 ARSI piA G T (v,y)oll AR G £ (o) 2R
BEsky, IR F= Efk z,y)7F ok, A cof o) ATEWMA

%e
ojtt. A71A wi= S ol Hiet kA A F0] TS HER

o @ 4 Uk 2 w7t 24 oA £7h BAE gRe Ad
Fk = ka(aj y)il?‘E_]

S.= Y ik,
k
= Zzwifk(x’y)

z,y k

= Xk]wfz.fk(wvy>
7} "k M E ZHA oo g CAMolg} &t

M, (z,y) = ijw;;fk(xvy)
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Australian
N o c | terrier
V|0 (o] \d
N N v
\Vj v
Class Activation Mapping
Class
Wy * + Wy Sk o Activation
. Map
. ‘ (Australian terrier] )

Z}&=: Zhou et al. (2016). Learning deep features for discriminative localization, 2016
IEEE Conference on Computer Vision and Pattern Recognition(CVPR), p.
2921-2929, A1

(19 417014 GAPE #317] Aol 9Ixe &
o5 A B FAFA (1Y) 2 shte] )t 5 o]F o
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BEE2E 02 = OS5EH (multi-label classification) ZAE & & 9

o}, olulx] EREAS Ek%”*ﬁ°i°1lL4HEﬁﬂéﬂﬂ%=

b
N
2
2}
o
—|o
E
I‘E.
=
FI r
E
o
o)
=
N
2
o
2
)
U_TJ.

o
i)
Egl'l
<
re

o

kg oJu] x| o] A %ﬂii Rt SAl0l A5 %%% A
HE vz 2(bounding box)2hs 7dS E-83te] oJu &Y
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oF EA= oluA R (image segmentation)ZA] 2 E A
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@ ot HAEA] JHES tHfd(channel) o|P]X|2 ®lA](tensor)
Jeou|A R AFE Foto] T =27t BAHQI Amo] Hiy
A o AFE]A =0 tigt ow|AE o3 AYd(channe)E o17]
1 o]F A8 & AUtk o] oF FFY AFIFY] AEE o]r]
A HolHR #@st SEHSS} AAT 5= 5= AR E
g, o'l HE Q] 7SR E Boll AREE P, AR =
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Azto] Zefgtel ket ALg o] Aole] mso] Pekx AL Skt
Yolupmz BARA|Au| 2] e a7} Watelch E3, Aojr)E
2 AHIAS AR AHlA FARE Ws FAG 2A5E 33
ofoldlE Wik G olajet a0 AjHMa AT F U=,
489 23 A2 FR4o] A% 228 Holetx ofslnt 22
g SHE ATATRE SRk o)) et AEe AL Fad
s} ohge] AR ARE TEE B AR WAY AR B ¥4
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gzt E4; o]2 7|22 ARgA-otolEl(user-item) 52| FHAAHS
AEA] FFHolEE9] AARA 288 4= ot

B} Jeota tpfob A 7Hst 4 AlgotE A AR 5
42 g BEES HolA Bt AJE(side information)& F’-Eﬂﬁﬁoﬁj

A2 B afmo] g3 FRM T FRE sht
29 $408 AAs: 13 WAVt 43HQ F0e
T % Uk ==Y IH FREFEA, ofold Ex
ol e AARH 0z sl YePE A4
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l Interaction Modeling T

[ User Representation Learning ] [ Item Representation Learning J

5 o i) g
User Profile Soclal Network Item Profile Knowledge Graph
*1D, Age, Gender, ... *User-User Relations +|D, Attributes ... *Item Knowledge

A& Wang et al, (2019). “KGAT: Knowledge Graph attention network for
recommendation”, Proceedings of the 25th ACM SIGKDD International
Conference on Knowledge Discovery & Data Mining, A9l-&-.
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Wang et al.(2019)°] A|QFet oJdlA 7]5-& 71 @& A4 1ezo
tjgt HPHES AUt (" 4-23)2 Fofol oigh A4 a=zo] g
dloltt. shte] Fot= Ak, NAE, A= 5o o8 A= old -
Ut 2HONA u= AREAHuser), i oFel®ll(item)< LERHTE AREAL
7t Z-85h= ARIA AR e= AEE(entity)E UEH= A= ofold]
I Aol e 7 AEE =8 2 PAl(relation)E Lok AL
= e |2} oto]|I7He] A, ofo]|lat ARGARES] BAIS HERH.

F5ZEH(collaborative filtering) W< T2ItAAF FARSH e
= Hol= AREA] AR RO & =t AREARR) ofo||lIZHe]
ATt F& §Hgsto] etk & 5= St (18 4-23)004= 4
& AREA w, O otol’l i, of o] ¥HgZHinteract) AREAF u, 2 us 9]
E4o) = 1510, w9} us0] W33t ofel|] 5w, 0] o] §EESHA|

o2 ofo]go] 9leh o] ofolge 1S Fh WAlolct,

_l

Relations

r,: Interact

Items r,: DirectedBy
r3: ActedBy
r4: Genre

Entities

U target user®lH, UyHE uze T users°lth 1y,69,%3,%,E 457 otold,
€1,€q,€32 AEE .
A& Wang et al., (2019). “KGAT: Knowledge Graph attention network for

recommendation”, Proceedings of the 25th ACM SIGKDD International
Conference on Knowledge Discovery & Data Mining, A<l
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vt @544 T2 Z(collaborative knowledge graph)= AFHEAR-
ofo]"ll(user-item) LI Jo] A 4|12 Z(knowledge graph)E 5A|
Al HHE ©al Aot o7 ARgA-otold] I E= u-id] IHEE

S 8T FAAAHY WA aat Ao tigo] FuE ¥

(high-order relations)& B45k= Ao thal & 4= ot

(28 4-24] RAT2HZ0M2 =2 F2(path)2] O]

n - ra2

o U 5 i — e 5 iy — {uz, us),
n =

o Ul i e 2 {is, ia},

A& Wang et al, (2019). “KGAT: Knowledge Graph attention network for
recommendation”, Proceedings of the 25th ACM SIGKDD International
Conference on Knowledge Discovery & Data Mining.

sttt (18 4-24)¢ A 249 IAdA 9] BAE M6 HOP =
ArFoz HojEr) A WA FRE u oA 4849 BASE AA u,
uy, 2 EEIEE HolF, T R H2E u oA 0,9} i 7HA S =Y T
25 vehdtt. A4 nE S8 oA B ARttt 7157}
=eE)7] g2l -5 7154 A4kE BolA olE W 4= Qirt
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7} AHIE

Ol

T2 o)A head®} tailfte] A (relation)”} o1& ZH =7} Utk
I 7PN AR g2 REEE(modality)7He] IEAL HI U]
(translation principle)ol 9Js] =Skt &= Qlict. = oF | El= o}
£ R E R0 Hgto] AAAHA W o] sk ofof ok Ittt

o2]3t Hit stof AEE|et TA Q] UHTS StEA7= TS o2
A AEs B ATEA} WA ¢, ¢, ER, e, €ER'E L7 hit,r9] UH]
3 HEo|H, ¢, ef= A7t ¢, 9 ¢, 9 WA SRS T 3]
UERATHIL AL his B2 AJolA TA19] ARHE ok, t= H 2
A SRS YEhdth, 18ee

BHske AS 7IHT = Ak wEbA w22 Al A

glh,rt)=W.e,+e, — VVrtEtH%

ol FHaslole W.E SEcke =AE 7T & Atk A7,
w,e rRM e A rofl i 439 AEElRRE LAY WA F7he
2 Wgkete Pgoltt. E3L, g(h,rt) =1 W,e), +e, — We,ll33k0] &
5 A = 7 FAC tigt digEe] =il & & ot Al =11

gojole that g Bl BREL HEE Quge SaA A
O

.
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LKG’: Z _10g U(g<har,t,)_g(hvrat)) (4_6)

= A|X0|E(sigmoid) groltt. o]Qjof| = Tk

L} OfEIM

Sthe] AIEE e o 7o) BAC] 23E 4= Qo 1] oA
ARER] 75| oldldE A8k Hjto® T o] FAloA 11
I AJollA Y HHE 28T 5 Unh. AREAR-otoldl o] &1L
(user-item bipartite graph)= FHAIAH &8 A] o] JHE
283ttt A Sof, FullofRet 29 &+ 55 & 7 Ath ARSARL of
o[F7te] F2 A AmE o] EAHELY FF G E ol 4 ATt

Ut = 47 ARAREY] HE ofel"le] Hedolgkal w4k 1|
oIz Fx G A= {(wy, ilus Uic )} 2 HEHA
oy BAE HEHAL o]gE 7T 7HY gy, = 10 ARGAF u st
ofold] i 7tof =280l 2= HERHT

A& 2= {(u,i,i")N(u,i)ER", (h,r,t' )ER™}OIH, RTS} R
7} AMgAR} ofo||7he] A Ao AT TEEA] o2 AR AE A
e S8 y(u,i)e ANSAR GHIY, i otoldl AdHlg #E 7o 4]

rIr
_[\1
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olgt st t}39] EF WE o T3t W £AS L8 Zo] Aojgt
4 olct
Lep= Y5 —logoly(u,i)—y(u,i")) (4-7)
(u,i,i')E R

oAl A (4-6)% A (4-7)F BAI°N 25t Lygur= Lxe+ Lore
2 25k5He QYA ES 2ok BAF BS Sashe Ht.

(B 4-2)= FAATHE FHALEGH|A Y A3} S =
< vehdt

(H 4-2) BSKMIHE RRHNAHYHO| Q21 52

e | AR8A-otold olRIAT Gyt AATAT G,
23 |A8A7H u7t ololdl i E 48 BE Pry, =1)8 4%

o WEANTIALE FU FAALYPES BB BARA
Al 2olA uolA AEl ofold i FT FES 2T 5 UL
A0 7|,

oS A5t

D FANADE B QHTPHEL B4 A8 A ofolde
25041 ALgA}9} ofold &
A& (symbolio)] ARFEE o]7]2 ]S u|Fste] 4
2 7014 T 71 A S uElES A
@ A18AYe} 3 A8 0] 2L ofol o] 5
FAEe SHtE 2Ange] B YAES AW S
9Ict.
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5. AlS MEABEMEL AE OEQITE 52 3t HIHHHIE0|E
SIRAM SEX
=200 =|o

Andrew et al.(2013)°ol4 &85 4= HolE7l viewl(Fd)
view2(RHh I} Zo] A2 thE I(view)ollA] TlojElEo] yHET L
SAL AE LEQIF S A TEAS o] &5A AR e BEYE
o] HlolE &= HIAY ¥gks AXl & AHBAE =4 st AAHS 2
o AFHSHAFATEA Y AFHE)S 7T 5= At 9o} view2o] §
Hete shad QEIT T L AR THEA Y] AP WS B3l view22)
HEE viewlof ¥F9 = Qct.

ng A=e IA7|E & o, F viewo]| o & TF A=
(@91)s s (@,y,) 0l TN3Y 2,€ Rk y, € R772} 514}, 2} viewol gt
AR YL X=[z),2,]T Y=y, .y, ] T 4 B, ASAET

S

B AP f(¥) = [f<x1> o f ()3 S

=

A=

fjo

(S
Edsto] 3-fE 2FS S5t IS AABIKH. 612 6.8 AS

AT F2E 7R T =S s ™A s p= 6% ¢ = Gy). (™
4-2519] (a)°ll 7eFa oz AAE. o] WA EAHWS F&5he Yl

EQA = TRE B2 F viewo] et £ A9 o 45t
o

mmw Weo We n, EHSE Gy (f ||2+||Z/7 G’g(f(x,-,))l\é

g2t
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(2 4-25] AESNMIAMBEM D5 1XS

Reconstructed x Reconstructed y Reconstructed x Reconstructed y

(a) SplitAE (b) DCCA (c) DCCAE/CorrAE/DiStAE

Z+=: Wang et al. (2015). “On deep multi-view representation learning”, Proceedings of

the 32nd International Conference on International Conference on Machine
Learning, 37, p. 1083-1092, A1

JEAVENL AT AFEAS VESUA et A

A= FgE == ot (A9 4-25]9] (b)) AT A=3EE42 o]
w3 ARt Ed A

(U, V)= {0 V): Ulg(f XX A DU= 1,

Vig(g(Vg(1)7+4,) V=
ulf(X)g(Y) ;=0 for i=j}

E]‘ ‘Il:"x]' :Laliﬂ E__{'\_‘(‘Sg% U= [u17u27"'7uLL V=

o, A2 U, ve o(U, V) B2 3 45 ZE3E

. 1
My, ve cto, vy, w,w,” EtT(UTf(X)g( Y)'v)

TAE . (1 4-25)9 (09 A4S AEEE4E 35k 2
EJF ] tiet A
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p T V)T
M g ye o(uv), w, W, Wy W, ( v's W

+ /\’Z(Hxi— (e )B +ly,~ Gy (g(y,)IP)

ot} o7|M U7 (x)e Vig(Y)E TG AFolo|tt. (I¥ 4-25)9]
(@)%} (b), (o) ZFZH] Atol= (a)= I l o7 3t Qjgor QEQIFT
£ FYotal EU o= A7) 5P eatel AR e ARl BUAFe
2 7450 et ¥ (D)2 (0= AR B2 F ¥ dlol"7 Eol7he
Aol Zko)7t et (b)) (0)7F F W4=2] AHEAE 1Eoke Aolle 2
o7} YAT (o= LEITEE EYAE FA| IEfsh= ZofA X
AL 714 mgolt},

v A 2t79] A EHoR A
o= 83 5= Stk A B0, thHE AEHE 1€ 7Y} T 0|7

g y< {0, 1}p 7} —rOVJ S-S 25t At o]ZHE = p, /o] &
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. 1 r .
MY, ve o(v, v), W, W, W,g I/VG!_Etr(U F(X)g(V)TV)

1593 (aly (2, Gy (f (2 )+ (1= a)ly(y: Gy (g ()

i=1
= ES

= =
Boatold, (-, - ) AFE

function)ol] SF=E 2 it} E3t FEr} Aol f2 2P EE

2 ol Puldolet 3, ¢S HGAES YHOR dho] ST
W2 B3 YUY et Fou, AUk SaRte] Hnet Aul o] g
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