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Graph-Structured Data

.........................................................................................................................................................................................................................
5 .

J—— d Graph-Structured Data

(((u))) Time-Series v E2LSEAIABIS Ho/AWE/E2ME0| ot HEXMOI g1
S — ,: «  L-C(node): 2HKQ| Eigt

Image/Video . 2J3(inK): 2HHS 20| AlSERR

""" Unstructured Data v AABLZ E2AM5HT Ofalet o~ U= ot I X HlE
R ] v o)

ghn JSoNXML F AMUEYSIIS LT AT BE YT B
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' e Y - CHEEL|EQT CRIEKIS e CIEI Ajo]o| AlSEIR S 2|52 BH
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Graph-Structured Data

- I/Of0[eY Efl 22

Node level

- S} K S 0
(=4y/83l) i

-opg BRI 2

-LCSO|HRLE|HE

Graph-level — 23 C it
: H—> 2OMMUnTY T (Q%]/010|&] S2{AER)

gredl;:tlon, (subgraph) o
ape level - A|F FAE
generation
- AOF/AIA =1y
clor/Haxi 20E Edge-level
................................. - 7500 S22 A8 (T A|AH)
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Knowledge Graph

4 Directed Labeled Multigraph:
more generalized form than other graph forms
v ex) XA 12 (Knowledge Graph)

® Dorug
@ Disease
& Adverse event

Protein
A Pathways

response
to estradiol

Beats Electronics

Biomedical Knowledge Graph

General Knowledge Graph 5



Knowledge Graph

v" Data + Schema (Ontology)

 factual knowledge
v Reusable
v" Interoperable
v Machine Readable

<”Person‘ :j) (‘: City ::) <: Food :)

i ,--""‘}- A isA
_bomin
— < ornin livesin :
( John ) 5 ook »  Pizza
— < ¥
likes {\ dikes—

birthdate ( Mary ) Julia likes >  Sushi

birtl"ngate
[ 1997-06-08 [ 1996-11-24 l

SimpleKnowledge Graph

Shoe
Ontology

“ formal and explicit specification
of a shared conceptualization

‘Iil:", D Class
subclass () Instance

subclass

subclass

— Relation

Sport
Shoes
subclass subclass

----------------------------------------------------------------

24

CONVERSE
<http://ex.com/fig#1>

________________________________________________________________

Ontology

i T o T o o



Knowledge Graph

d Knowledge Graph

Personal

A X[AJ2HI (Knowledge Graph)
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Knowledge Graph

QA X[AJ2HI (Knowledge Graph)

v MPAER! 7|/ A (2, OOLE, L2l Lo

» Google : Knowledge graph 7|% Semantic

Search

- 500B facts about 5B entities by 2020
- Enhance search engine’s results

and answer direct spoken

questions in Google Thomas = ~
. Jefferson S
Assistant/Home

% Google acquired Metaweb
in 2010 that developed

Born: April 13, 1743, Shadwell, Virginia, United

Freebase (open, shared Staten

Died: July 4, 1826, Monticells, Virginia, United Statas
Party: Democratic-Republican Party

database of the world's

kﬂowledge) in Order‘ to Presidential torm; March 4, 1001 - March 4, 1008
. Children: Martha Jeffarson Randolph, Madison
Improve sea rch answers Hemings, MORE

Vice presidents: Auron Burr (1801-1808), George
Clinton (1605-1800)

People also search for

» Microsoft : LinkedIn service H -8 ¢t

HMEdat 217t A E Knowledge Graphik

- Recruiter search and recommendation,

insight extraction such as the # of members
who have a given skill in a given location
and the # of job hires requiring a given skill
in that same location

; o LINKEDIN
‘ ® GRAPH

S)IM XA

= Amazon: &4E& Knowledge graph 52

= o

S5l AF2 X SHEE AT ZHAM/EH

- Answer any question about products and
related knowledge in the world

- Search for the best products that fit user’s
need and help customers use greater

variation in search terms
% for example, bathing suit or swimsuit, tomato or tomahto

lproduct
- Qraph



Graph Representation Learning

 need to obtain node features from a graph, while preserving
graph-structured information

v" Feature engineering
v" Graph representation learning

Input Structured Learning o
) Features ’ ‘ Algorithm ’ ‘Pl’edECTIOHJ
:/,»"

Graph representation learning Downstream
(node-level, edge-level, graph-level features) pred|Ct|0ﬂ task

: ~RANLIEE 2R
sexaEaN sAos | A &'P—i— Node level
Sd/gols)
-G 2T ER
Graph-level «—
prediction,
Graph
generation

Rl o Bl

IE| &
g i Communty o " Ealiolord 2T
e = =

- Edge-level
%11-0}0% HEXE (FH AL)
- TR Yt




Graph Representation Learning

 Graph representation learning
v FE NIl EE XX 2O 2 UHT
v I D|AH[EkS 2X5|1=

= L

encode
— >

decode
%

= HE S2H0i|M BlE I1s

G=(V)
HE S
e HEHI F=
0 e _I' :.-'-".'- 3
hEA TN lfi"’* - « LC 2=
“.I-.;
B 7 =
S
% « oo AE
BEE
V- Taad .




KG 2| 22| AL} 2|

Q XA 02z 7|8k dHota e S HA|ARRF XA T D[2IO] AFEX} Ol =5
=2 2P0 KGQAO HE
v KGQA: Knowledge Graph Question Answering

o=
_- G,
s°§" 1;_% > --? “ffos% Top 2 KG Relations in Each Intent  Score
\S e
_- - G £ py  Tes (theaterplay.genre) 0.2368
> e Y JEishaanh IsSmg_rOf % Castle on the Hill | ry4 (theater.plays in this genre) 0.1623
-~ \erttenBv /,‘ -
Ge,, e e 126 (book. date_written) 0.3567
Alice re- ~h pop 4 Gen P2 7
% M 7 nbek g ... 228
-
A Tony » Sl Gene p3 ™ (date_of_first_performance) 0.5934
\ Folk / 149 (fictional_universe.) 0.1418
Song the user has Y Songs the user may tes (theater. play. genre) 0.1230
listened to before Knowledge Graph be interested in Pa ry7 (book. illustrator) 0.1040 V24922 V25496
=0 A T HlOo| Ad =3I X A HI =0 A T HfO =2 (©) xX=
7|1Z2| XA i E 7|Hte| @F 7St FHA|AE 7|12 K| A= J|Ho| ALEAL 2| FE
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KG 7|2 AtEX} 2|

O ASERR 9| (interaction intent)o]| 7 |EFsH 3
v AREXPOO[EIE MEHSHO|R (Ql) 2 =&

30

LIE| B[P ERe
St

d
oA

= XAl 32 (Knowledge Graph: KG) & AFRXI-OO &

(@] =
v 58 2= (ZHYAL Of 7|2t HFLIEIS BX[of 0|5 80| HE2

5 a9

Q user 1Y 1X LY IIYE IIL XY -“/:\.‘\
“ E ’m, bma ’m, ’m ’ms bm! ’m\? ’mj

m movie i

0
-t
.
N
o
N
’

Community 1

7|2 23 29 olE Iyt 22 P
(O 00| S MEHH=T}?) (3 Oto|S of A

i = starring

.....

Community A

Community D
{actor ‘Chris Evans’)

(director 'Stanley

? P { —— watched !

ﬁ;‘: | \ X \/W ——> directedby i

3 director | Q Q Q R | !
(e, genre u1 Uz :

1
i filmGenre |
ur uz U3 i

12



KG 7|4k AL X} |5 &2

d 25 9|k (commonintent) = 2|k 2leto

HHeH—
v 2}9|ge KGLY R A0 ChSH g0 2 THiE)

— o 1

O|=(intent)= Y, (P, )(relationr,)

d Mutual Information (MI) Minimizationl?/& St

== ot el 2
2t 58 2 B ofg
v Ol 1994 2H YD OIF S F|Astet
v BE 0| 432t o|Eot MR PHE|TE Sttt
4 e ) 4 I I
) Mutual M Lo OO N
. f i 1 2 '3 14 1Y T3 1
TR T mp  iometor W a1 e
3o starring . ... . -
director & editing starring & editin
NG / - ’ )
Knowledge Graph

/

Common Intent
[2] Ting Chen et al., "A Simple Framework for Contrastive Learning of Visual Representations” (ICML'2021)



KG 2|2t ArE AL Sl =&

[ Relation-entity £AHE 2ot ME AEX Q| ==

( ) 3 )
: - Joe Russo ]l Joe Russo |
Avengers: | e°‘°‘ i Avengers: ! o 1
: ] ,
Endgame 4}/0\‘ i Endgame | ¥ |
. ! . . . !
<+— Starring—@ Chris Evans — Starring—@ Chris Evans !
| 5 ! ’ y |
i T | LS '
L g g :
O ‘ ' Robert O : Robert
I
(o ; it Downey Jr. N i % Downey Jr. !
L™ Y '
User [ } User et ;
l ; t !
|
Ironman3 | i 1 O, :
, CCtop ! ety !
|
{ @ Shan Black | ,
\ I

Relation-level
User Intents

Fine-grained
User Intents

Starring Starring

Robert D. Jr. Chris Evans

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
i
: Ironman 3
|
|
|
|
|
|
|
|
|
|
|
|
|
3 - |
Starring  **+  Director |
|

(a) existing intent-based method (b) proposed method



KG ¢9|Uf7|t.'_* I:IE-IE_lE_|. ol A I-RXI-Q_ EI:—IIEI

= O

d HE|EIY CI=ds) AoEE =X (multi—behavior recommendation: MBR)
v TXpAHE S0 AREXAl= OO |’ Cifot EfY

[ I:I
v <10 0|2|0f| S2], L B2 | & et ’é“’%*%’SE%%*R?%@
o —r
ad 2EZX| (ontology)= =021 X|AIS HH
v OlO|Ee| HIEZA S AR IHA| ALO[2] A IE &
Cosmetics Sports
3 ntology-view
sﬂ} = Knowledge Graph
Maﬁgﬁﬁo Q':”’s'”’"“'E (';)3232:
o Lo teme |
Q O : . [ Aman :
s e lveR )
;;ri;;}i"‘: !"ial_i" : .'"ir_éi' "'| O o@’“‘wﬁ? N\ M:;i) OD%’ O '?mz};zg:z:aph
""""" Ve
) “Read ['_i‘}ﬂ}"]- View
g N
O
Uy
O|E HE|EFY HTEE M A (CMLY)  RERX| J|¢H HE| EY 4SEE = (Ours)



KG 270} 7[Ht BE[EIY =258 ZET
EIE-I 2

O HEEY gl 2E=XHEE B 2E8e!
v HE|EIY A2 A2 2T (multi-behavior interaction graph)

= E}2l (target) EIY: buy, 22 (auxiliary) EIY: view, read, cart 5
v EE2O| XAl X TBox2t ABoxE B &&

» 2EZX|H XA 20X (ontology-view knowledge graph)

n QIARAA B XA 2T (instance-view knowledge graph)

3 %%Exle 2|'-9-'c')|'_ EHElEl.OI AI—EXI'_Q_ =X EL‘:llo jH |.-6I;I|_

1O T L—
v ZE[EY R AE 0= RE ERIEIO = MBS O0|H= Of| =S¢t

: *: 52 E
| INPUT THE PROPOSED MODEL i
o Ontology-view .' * __ Concept-aware * |
l Knowledge Graph / Hierarchy-aware Relative Preference :
E Instance-view Knowledge embedding Modeling |
! Knowledge Graph / I
Multi-behavior Multi-behavior * Ontology-based :
: Interaction Graph / dependency modeling multi-type :
i recommendation :

____________________________________________________________________________________________________



29| 2= V[ X

Al DEm A

* Knowledge Graph Question Answering

O X|AO2E HEAAM (KGQA)
v SEX| A3|0IS 22510{ X1910] 20| O|E 2 mjofst= KGQAOilA|

Llnnecessa Entities M.LK Jr Award Summa
4 _received Cum Laude

Booker T | "
Washington — AR
high school | Cotye, /|

o, O ¢

5’/ . Murehause*

' Crozer
O COIHQEO I 1Thenlo Boston
gical .

. Semmary Un!uersny
, Tennessee "‘"’-fF“Oﬂ \ e
R " 1867 - '-t ) 1869

' O BEB"-._.
ek 4 g;: A

LS Educapey .
Elementary Dndafft‘i" O d”"ﬂﬁﬁ'ﬂm """" ’t}uﬂwersrt‘_f

| school school Rerson

MW ‘%ﬁﬁ} 5@#5 % cnﬁ# lncephun
0 mgd qp O Date

School Degree

Question: When is the founding date of the school where ML Ir received his Ph.D.?
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29| 2|= V[gt x|

JRE R

Q0 AJ|OfFJ|HFARRK}E]
v J1EX| 7|gto = Xigro]

Unnecessary Entities M.L.K Jr Awiard Summa
______________________ _received
~ —— Cum Laude
{ BookerT } - . —Acadeny,
| Washington | Eu-ﬁ?"f" / = ,Q Ph.D
: high school | Cotye/ %%confar}ab
4= ﬂ‘cr _,‘6309 LS f
“aq, O i f=e o /
i e, S | o
| S0/ i rreg
i %/ | Morehouse/ Crozer | by
| ! Collegeo O Boston
| Theologh::al g
| O In . Semmary Un!versﬂy
! . Tennessee {;'-__ °EF“°" Inkeption
""""""""""" 01357 .QBGS 1869
- A g 3
ish. W N
Y
Elementary Osecnndary Ucater) o
O 'school school HEEE

Sty __#M%¥§§EH

School

Question: When is the founding date of the school where M.L.K Jr received his Ph.D.?

ml0+
00

L2510 IR-based KGQAE JH{M

Zolo|r D IHfKGQA

OIS0 £2 XA 2B S ==

Entity

Reasoner J &

Cmmicgyscema|| B @
o o Subgraph
- | Subgraph DQQ i A
| Retriever " 860

X|Qrot= A IHR =

intent: ( Topc
i C

Intent =
Input Intent - () — >
=, -[ Extractor " i) Educatedat  Educated at Inception  Conferred by
weoaph - D9 5 @ University  Secondary school Date Award
08000
Answer . -
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Multimodal Unstructured Data Processing

d Hyperconnectivity

v" becoming more and more connected to each other

Contain

University o
Pennsylvania

Describe
In 2015, DiCaprio produced and I*
played fur trapper Hugh Glass in e a8
Alejandro G. Iiiarritu's survival i ,
drama The Revenant. |"‘°""i
Description Scene Graph

Microsoft Graph Linked Open Data Cloud Multi-Modal KG
' 19



Multimodal Unstructured Data Processing

0 CiCk==2| 7| HIO|H= S5t =09l XAS et
v HIAEGIHEIAEQIZIS 21

] —

O et ol +d 4 2F o0 M AE A Lefet XA 20| 28
v XAe 8 |6_ x|, 24 B0 IHSOt=E AL U Mo 284 St 4 lofot et
NS FAJoH= BIAE, 0]0|X], E0]E 210| THES naf

1.8

1) S0 ZjLisl BE T FHAL 4mm 1/ 150 1/R3 T L BE TeXt '

2) SO0 HET SR oF Hol B KHEHWD Pre tra i ned
2. 015

1) £0| 231 ST F4S FUE ¥%) # La nguage *
3. gEAE M d I l

- B4R (v TOIREE) B : e

| [*Rooor . | L e e e

i DL-based i |
=P Visual =P
Model |

_________________________
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Multimodal Unstructured Data Processing

QO HOEHZREHEHRIXAMS =2 EE
IT

v MY 40|20 #H2tg S5t XA 32T (Knowledge Graph) 715
= QXL o NBES X Hoh= & VHE0 &8 15 = SH &

___________________________

Deep Learning
based QA model

— Symbolic

Knowledge

i | :
" OutputAnswer | | emi ! e - e
P i— : % " h 1 : )
| i i ! ! : Image
@: \\ ’l N ” \\

__________

-————————a

LY
——

> 'd h
, p e . Unstructured

v XA T =S 25 XA == 0 |=2 OHEt
» HE|ZEH|O|E (multl -modal data)S X|¥
— ZA{LHof| A E O|0|X], H|0|Z0] 2XH |0 US
» CRISHSSIO| 1M @A ZHo|0|A o4 LHA|IE 12{ot X|Al ==0| QT
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Multimodal Unstructured Data Processing

ilii i ex) KG CompletioryValiaation
4 Utilizing Multi-Modal Structured Knowledge K Pecomamciation

Multi-Modal Knowledge Graph

E D ;77///\>

Toy Story is about th\c\ —_
secret life of toys when ™ -~ e
people are not around...{ -

Ontologies
(Schema)



Graph-Structured Interaction for GenAl

o
o
j)-kl = 1 —:E:—
v J|E2 EL 24 o= E S| S5 | oA '
AL X} OHII L7} 3| 2= 240 x| 3012|0f| Cifsh et 24|, L 220l Erof. A X OHIILYD L 3012] 0| S22 AWsH S| Tkl L Z20l S,
AJAEH: S20|X|! Z0FX|SO) CiSHEHS 6HZ01 10)| L30f Eesl S, A AE: 220|X|1 S 20/| CHEH K S SR 10j 2H20] GHsl S,
| OB i OO~ v sound
AL XL A PRI S OflA] 242t Etxt 9lot | X} 9lo AR L2} | R4 A, ST, |7 240FX|0F. ~visual ~ SOUN
N B sound”” | / sound k!
OfOIRl= E1A 240X |OF. S Cf B&H2 | E40| FE IX|1 o], i o vsal  visudl % ] [T
Motz 2tz [, aljie, 3213 alfiee 2218, - \ )
SEml= m*" 2, M[einlet £2t0| 250[2} 2 m Ch2 |2} Aot on_table long

E5|, AHHIRb MHHT S E2 H|==61H| 412101,
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Graph-Structured Interaction for GenAl

ex) KG -augmented Generation

0 KG-LLM Synergized Model (GenAl) ex) KG Construction

ex) KG Question Answering

Standard LLM KG-LLM Svnergized Model

Generation/QA KG-Augmented Generation KG Question Answering

Text, Multi-Modal KG

Text, Image

ex) ‘Which fruit does Byungkook like, gpples or bananas?

' I

' |

' |

' I

| — \~ | TN :

ex) ‘Which fruit does Byungkook | Ph'eD-_éQ__{/ A %;f’% ‘ o PR T !
/ e/ Or 3 <. w H : 3 | :

' I

. 1

: v’ Refer to what each entity in text really wants :

: from KG (data + schema) !

: Toxt KGEy

Output Text E (probabilistic) (probabilistic + deterministic) E
' |

- 1

(probabilistic)

v’ Lead to more explicit and domain-specific answer




Graph-Structured Interaction for GenAl

0O HE|ZEQI24S e X2 TA|XH O 2 FS{SHT 2| X|Ale
Hot A0l (|22 HEM HE|DEFAS AR HHHE S 01717

@) KHESE AN
E == T A oHd [T =
HE|RE H|0|E 2F M5 2HA|X| A 2 5! M AntE H|ojshr| st
oA F= Y AJ|OLAA HE| R ST AT ot %ﬁl’éﬁ 2|8 E X =3}

CHISH RAC| HOJE L 23] 4 LE|ZE XIS ECHZ COEIE ZEI2E &HES EABHHA 2f JHA| BAHOZ HARES} £[0{= Y

Jetedlo] Duit BoIXIA pEet il e B0 St Hosl oluTnt Bifolo] LAt miET Mot 2 AYAmHO| OfBOlEE Bt o
IE|PS PORIAI] RERIE| SAR O[S LHMIS NN/ IRk AJ(DotHSIE EIRE BAR | opan)s Ly SRS olojxoz Xz
Ele) 5! i Efel i St 20| PoRA St gl Qlbtet IO DDA AN GIHEXIZSE ofryslol 12 2ok A T oAl 2t

Knowledgeable Interpretable Reliable / Controllable

EHRE 0|5 ZE2 S HIY ’é;%

A3|0}

ZE|

==

(e oW, 2l S OWMIS| 2getel HAIER

(ex, Golden Gate Bridge) | Jpjm axomlo|ZEnE

EHE AH0 s AHE (154 AN E 2 A AF (2EH) 25
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