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2ERE

2 ol5- = (Question Answering, QA) Al=H> #plo] FEH =
Eoj2 Ao g HE e ARG EE SUSHA AT
T2 Ao Holal Sl AdofHE Zokeltt shARE, dA] Ao
T B HTs AAshe AgEn #dE dod g FES
A3 A 7o) Ao Ala'2 Add @s vbghs)
= oEes A vk V1] Zolsw Alade] Ayezt A
ofe @a W 7HA 1 Qe dAE SHEstA Ageit A2

{

3 (geographic knowledge graph, ©]3} GeoKG)E 7|wWtoe & 3 A
g g7 Ao S I A 2~ (GeoQA system)o] ATE o o AT
FA 71 wk4 o] (factoid  question)®t A 8] 74 2 9] (geo—analytic
question)dl] &l A3 @& W3St Estal = Aot A
21 W) o] ~(knowledge base)’} B3t ¢ FAAH(point of
interest, POD¥} &3t A9 F/7F F=3817]9 factoid question
of gsle=d odws A o, Bt 9l

AEsh "Wolxn w7 ANL SRl ojHgel g

1

>

s ?ﬂ:rL% 7]%ﬂ GeoKG7} oy LS 7+ factoid %

Alstoh o ‘E%T: factoid questionoﬂ sHst7l Al 71E9
GeoKGeF FFHolHE F¢3+9 3, geo—analytic question=
GeoKGoll AbdA4re 37F #AS F7}3e] factoid questiond} 2
< Ao s T3 5 Qs AASA T T3, GeoQuestions2019]
AolE EA3] geo—analytic question®] AHeH7FE {3t 2o A
Ul e s AFedh olF didvls ddS gdoewE HAFs F
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719 GeoKG & AEAAE wWo] HFsta = WorldKG
= Sz PgH=E W F FedelHE Ve F8
POl A 9 PAFAy ZTs F53 AHE FUM890. &
3k GeoQuestions201 ¥ MS Marco Ho|HAlS EAE =& Hx
2 Edete T AE AR F5 2 FUAANS 788 AA=E

AAetAdet. & AFdA F5F GeoKGE 7159 GeoKGS!
WorldKG<} vl gk 23} factoid question¥} geo—analytic question

A 553 GeoKG7F WorldKGR.tf & ZH oo &
Atk R fE Ao Aot e 4 1Y
=) | #18] o8] S Z dlo]E o] oA |
7} GraphQLE &3 F% F3st At

4

‘8= =

2 AT 719 GeoKGell & ol ¢t AL ALE &3F ¢
AE HAAQ FH3 GeoKGZ U-SE 4 & factoid 2
geo—analytic 3 #Aole] WHIE W3l FHHokS AASE Ao 9

o7k iek,

Foo : AEF ALY, AYTHAYTHZ, A7 9k Ao,
z }

A FHEA A, AAAL, FFlH
s W :2021-29171
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go] A9

B A2 H o] ~(knowledge base, KB)

A2 o] 2~k dolH o] 2o dFo R ARET Fofo] M A A qf
2 52 AFste Aotk HZdvw P A AEE Vo E faf R
HolHE T35t o, B2 AgoA 2= = dHolgHE 75

o]
PIS
# AAezel Fgetn vk

B #2122 = (knowledge graph, KG)

A2zt AA BA], 9n] 7)< (semantic description)® AR S 3%
dAste FxstE Fejolth. AA= dA AAe oy F44 JEE
et oL, dAl= AA Abele] #AE HERT

DEE AAGE o AA Abole] #BAE ofn gt WY ¥
712 A1 9 (Open Geospatial Consortium, ©]3} OGC)2 $3, 3, ¢,
Wzt T 87FAY 3 BAE Bttt E AN e B3 A
o2 3K @& XA, A-AA, uABATS HYZ AT

B SPARQL Protocol and RDF Query Langauge(SPARQL)
LA )% ZeAAARDE) FA9 dolEE A4 ¥ 248 + A
dojdolz, dusol= g AXAAW3C) 93] xEF3hs Aot

B GeoSPARQL
D AlWE slo A RDF &2 9] A g3zt oy & xdstal, #g a1t
olHE A#T F dv OGCe #ZF <Aoo

(buffer), T3 &9 &
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11947 W7 2 25

A o] A 8] (natural language processing)®] FL3 FA = shitel
o] & (question answering, ©]3} QA) A|2~HlS e H|AN AGE
Zldto g2 & WAL o|FojWlal Google? Assistant, Apple®] Siri,
Amazon® Alexa 59 #1538 7} H]A(intelligent virtual assistant)
RAE2 FE37t o] FolA AtgEe Ao & TS wAI
Aol ®Z 5ol Aol digh AHd HEs =&
dolgta st AR7&, AT, Ado] A, dHolgHol~ we, <l

Aot FH= EokoltH(Gupta et al, 2012).

lo o

A AAE dojed o w st dY3H woF 5 strtoltt. Bing#
Cortana®] AME HoE 7moz Ay Aogwk folgAlel MS
Marco(Nguyen et al.,, 2016)°] >~3+¥ 1010916719 &+ S ‘Location’
o7 BFHE AEFIHE 617%°] 1, ‘where's ¥33 AEFIHLE 44%

i
AAGONE e Aolgd Fobs musy Bud A7

wol ttar Mzl

(2% 1108 (2" 121 9EH9 QA A=F T



Aol A sl e Aol w54 POl Aol e ¥ A
AE FE Aolel U@ Be B MHsE AL FAT 5 Aok AW
(79 1219 ofAsk ol PRTY el A, 3 BT FH
5 B Aol Baw ool el B4 A9 WHom: g A4
3 W@ 2ES 4 5+ At

A3k Ao (o]t Geo question)= ool uwpe}l AFA7]HEA 9]
(o]3} factoid question)®} A|2]-&7HEA A o](o]3} geo—analytic question)
2 BEHFEcHLi et al, 2021). Factoid questione LW o & x| 2] v o] 2~
(Knowledge Base, ©]3} KB)o| A &4® AHE gAlsto] ¢S =23t
RN Aoz [29 1-1 (@]9 Aol sld3l™, geo—analytic question
T1oolele] Aol Had o= [1Y 1-1 (b)lek [1¥ 1-2]9 A<
of gt
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Q¥4 OXNE @oOi Brx BSIYY GE7| ET

+ 1,260,0007] (0.59%)

Busan, South Korea

Haeundae Beach ( Korean: 5§ 2 (15]=8%; Hanja: EE #4435 ) is an urban beach in
Busan, South Korea. Often dubbed one of the country's most famous and popular beaches.
it Is located in the eponymous Haeundae District

hitps-/ien wikipedia org » wiki > Hasundae_Beach

Haeundae Beach - Wikipedia

B2

How do you get to Hasundae Beach? v
How far is Haeundae from Busan Station? v
Where does Haeundae take place? v
What is Haeundae Beach known for? v

o _?4 ‘] = 2= = _q]
(a) POI®] 91A& &+ 4
=] © =] >~ o] 3] = - -
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how many rivers cross seoul X i

oEq @ X=  @omx w= NS84 14027

7 A

il

Z3} 9F 69,900,0007} (0.64=)
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The 4 main rivers are the Hangang, Nakdonggang, geumgang and yeonsangang.

hitp:/fseoulcycle.com » cur-team

The 4 Rivers Path - Seoul Cycle

(a) G793 el

Mes Avs 2

o ol
Y
ry
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Does gwanak gu border gangnam gu? X ]

= t HE7]

b

QHH QXNE @ONE B2 &
H4Z Tt ek 16,7007} (0.74)

https:/fen.wikipedia.org » wiki » Gwanak_District =

Gwanak District - Wikipedia

The southern border of Gwanak-gu, bordering Anyang, consists of the craggy ridgeline of
Gwanaksan (Mt Gwanak), which dominaies the local geography. Gwanak.

21 =

ju
TR

r

Is Gangnam city in Gu?
Is Gwanak Gu a good place to live?
How long does it take from Gangnam-gu to Seoul?

What is the richest neighborhood in South Korea?
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QA HIwAE A ¢ e LA A &S 2re W24l IR-based
oto] AWz w8 = W22l knowledge based question
answering(©] 3 KBQA)S. & ydth(Park et al, 2015). GeoQA7} A d
I3F o2 wjFo] IR-based QA WAoo &2+ AV U, dAA o
HE GeoQAE KBE 7|¥te = 3= KBQAS WS €3S
(Dsouza et al., 2021; Hamzei et al., 2022).
olgfst  mjAHolA Al FZHA A 2 Z(Geographic  Knowledge
Graph, ©]3} GeoKG)+= GeoQAE F3st7] sl ¥ AA R A3t
N FE AA Y w7 g Aola, 3 AA Y TRV WS A= &
Aol Ak =g, 2 7ls ZY 99l (Resource  Definitoin
Framework, ©]d} RDF) dlo]& XwWlo]A uXx}(intersect), = ¥ (union)
59 &3t AaS A DdE GeoSPARQL A4HS 3303 w T A
ro] g WA HolH e eF/F=E Q3 AAY & AA47F voe Ak
U A THRegalia et al., 2019). &3t AHA ] HL7F A H U 2]

A 59 Fa3% POIY ARIF ¥=35}o] factoid questiono]

.
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i
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1.2 4+ &

o0

1.21 Ay std el

Y
%)
@
S
O
&

GeoQA+ QAT 5 AT E vF+= Eofolth. Mai et
al.(2021) geo—question®] &t AtAo] FEjo] HA <Qlo] ‘AL ‘FHob
Y 1 AA, dY AT To A, EE, A 2
A 2] #AZE E3E Ao R Aot

GeoQAYx Ao fdo uwEt factoid QA geo—analytic QA,
scenario QA, visual QAZ EFET ©°] FolA X factoid QA<S}
geo—analytic QA #3 A7 F2 o|Fo|A skorm, 7t g3 Y
Qo= oo Erh

- Factoid question

Mai et al.(2021)< factoid question®] factoid geographic
knowledgeol| 71uFale] ©& 4 = TR Holgtn A, L
et al.(2021)2 A 24l Aol wigh Aitol] diwst= Aolgta ;g,]g}

o7 H o
el

]_
A9 A

factoid question®l] 3 Aol =
= A Aol & HE= XA ezl A o]+ =
S HEEE = Qe AHOlE factoid questiono® A o] 5} T}

:rL

wos @

6% Ho ‘TFHTE] FEEY Ei Pk ATEYI 2e Aelvh o
r}

- Geo—analytic question
Li et al.(2021)& geo-analytic questions E#3F F7F A4S o+
sl Aoz AYdR L, Mai et al.(2021)& BRI x0T ZAA
(geo—processing) 3] Q3 A= AUt Xu et al.(2020)

7 oy WEeA we #AE 27 Sld $gsdon T o4 A

o

F
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ool AYE ot dwed AN H AV dE 2] & Hxke A4k
A EselE fdo® Aostith Scheider et al.(2021)2 7HH A9
o H(indirect QA)S] stz A, Hloly ®MeANGS A F 4=

3 wake= doleha Aol

o] A=A A AS geo-analytic question®] W3k A& £
3to] B AFo A= geo—analytic questione F{HEA Ao a3 w1
= AR Aot oE 59, ‘AMeHEgudA 77he w7,

mhE e} FEA Alole]  SIAFE=YH 2 He7l geo—analytic
question®l] 3},

Mai et al.(2021)2 IR-based QA A& ¥ E <l 2
E A A $H Addsts AAHAA EA4 ARE FES)
Aol A7 dvkar F43 vk 9

E3sk KBQAE 32317 913 WA thA] semantic parsing(©] 3}
SP) 7% KBQA 23} information retrieval(IR) 714 KBQA W2l o2
wF e (Lan et al, 2021). SP 7|4k KBQA W42 Aol el A9
= KB 2o 4 J+= =94 e logic form)=Z W3ste] KB <ol
A ARE = whdlolth v IR KBQA 7IWE Whale AF3 #dd

E 7Wrom Ao W3 go FES= WAolt
(Lan et al, 2021). oju] oA ¢ == EAoA Ao 3 @3S
A= IR-based QA9 H33 KBQAE dlZst7] ¢k W2l IR 7wt
KBQA 242 Az & 7idolth IR 71W KBQA 22 F&o &
sk Wralol 7] gzl o] o] o] Binchuan et al.(2019), Hamzei
et al.(2022) &2 A4 SP 7]HF KBQA W2]-& AF&3stST)

KBQAE 3% vl F2 KGE AH&atA R A g 3tdo&H &of
o 5] 719 DBpedia, YAGOS} #o] ddtxl Uy&& vyFe o
A A 1 Z(general KG)&= A AA7F FEsives SAE A
(Tempelmeir et al., 2021). w2bA Karalis et al.(2019), Dsouza et
al.(2021) & GeoQAE F3q3t7] A GeoKGE T3t d75 3

]
]

=
QYIS FEF F o



A2 12 3 (Knowledge Graph, ©]3} KG)&= =9 Ao Alwig
ARE ALE3st7] 98] AASE 7|2 dA+E= DBpedia(Auer et al,
2007), YAGO(Suchanek et al, 2007), Wikidata(Vrande¢i¢ and
Krotzsch, 2014) 59 Al9E 1 A2 wo]~E A At (Zou, 2020). A
HE AWE gz JejE fdste] dd Bre HLetr] 4 A%

rl

H XA ymo g 2o p5d FHo] glon Hd HolHE H§
kil vt 53], Asd AM, /i vE FH, &8 HESA 724, 4
ol & T FofollA T2 ATS RHoFo e AF7F JPFHAY

THLu et al 2019). T A Az slelstd gug AR YA
9T 23 AAe] 570 @A 7] e ek

3
gl AemEs] Ju7E F-A43E GeoKGE ARE-st7]ol A7E 9l

o

GeoQA FoFollAl KBQA WAooz §Haty] 93] 75 ¥ GeoKGE
A2 g aef]  AgF AAS A Aoz WorldKG, YAGO2geo,
LinkedGeoData, GeoKG, GEKG %°] 3t}

GeoKGE=  F5%Hel w2 F A2 ds 7 dth
LinkedGeoData, WorldKG$} 2ol &E2ZX = FL%‘J ¥ OSM %9 A
LoA FE& MEL GeoKGE =& Lol 7
o] GeoKGdl GAG, GADM 52| ¢3dlo Ei—%

o [ 1-1]9] GeoKGe 5%} toly AxE %%1?5‘}9?\5}.

_10_



[ 1-1] 7]¥ GeoKG9 T=%W 2 dolg A~

GeoKG TS5 tojg A
WorldKG
2E 7% 74t QEAEZEW,
(Dsouza et al., B o
QELEYEW AH FH Wikidata
2021)

YAGO2geo YAGO, GADM,
(Karalis et al., | YAGO + 3§54 dolH GAG, Ordanance
2019) Survey

LinkedGeoData

(Auer et al, OSM AH F= SEIEZEY

2009)
Virgual Geographic ) )

' ) Virgual Geographic

Binchuan, 2019 Environmentsol| 4| &3t ,
Environments
A F=

1.2.2.1 Factoid question # ¥ GeoKG

N

Fo] factoid questions U5+ GeoKG

o

A3t AA FH
= O 2
el FENER S dGgTAL Juf FolA RDEF HolH ¥

”4 LODD(Linked Open Data)& #|&3tx vt s EN-gH 7} A3}
+ LOD+= ¢F 649719 RDF Egl =3 69 79 a3 A ﬂ H -3t
asley AE, FEH, BEX, AdE ARt ¥IAE Aoz AFsto]

B2 F7Y POI HlolHE v74 X3t

LinkedGeoData(Auer et al., 2009)= 7} 2 A= 24 7w
1221 2 Z2~EF E(OpenStreetMap)©] 4 2E RDF Ho|E] FA o=
W gkt ar A skl

WorldKG(Dsouza et al., 2021)= 33 A7 F53 o524 KGe
XA AA e =FH7F F=3 LinkedGeoData®t YAGO2geo9t #&

N

1) http://www.nsdi.go.kr/Ixportal/?menuno=4038
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| rdfs:Class I

F Y
rdf:type

WKGOb] s
wkgs:WKGObject SOHTES OSM:Wiki
wkgs:spatialObject rdfs:domain

geo:SpatialObject [wkgs:WKGPropedy t;(:]f;

rdfs:subClassOf rdfs:subClassOf  rdfs:subClassOf
P 1 ™~

[ sf:Paoint ] [sf;LineString] [ sf:Polygon ]

[29 1-3] WorldKGe] &5 ZX|(&*]: Dsouza et al.(2021))

2) https://www.worldkg.org/
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[3 1-2] WorldKG®] 718sh4 Fr EA ol 29

-

49 4
true
XQE AH EA o &9l true
ASK { Query
?wkg rdf:itype sf:Point oy
} Twhg rdf:type sf:Point
}
el A Aol ) false
false
ASK {
?7wkg rdf:type e
sf:LineString ASK
?wkg rdf:type sf:LineString
} }
false
ol al oz = 3 3lo
Ea‘—‘ XOE L-Zﬂoq_l‘ ‘_l'l_]. fals—e
ASK { Query
?wkg rdf:itype sf:Polygon i
} wkg rdf:type sf:Polygon
1

1.2.2.2 Geo—-analytic question #¥ GeoKG

Mai et al.(2021)2 geo-analytic question¥} 3& 3}
Hes Aostath A, QA A2HES Ay os

o]

g2 5o B AAY eeH Aust pE3
?l o

I;q—

N
g
g
2
it
AC)

K
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Fol= ogwol uh dE =9, ‘A=deld 77ke tiegtalzl= A9
oA Th7ke’e] 7IEol W EekA ool gl of¥ ol vk HE3, ‘3t
TA & = A=Y 22 Ao i ga fs) 2 A A
s szl FACE v BAE AETHA sk, EE AAER
BAE At dolge A7t VstarA ez A= dile] 9l
ot

YAGO2geo(Karalis et al, 2019 t&3d A2z F 3ol
YAGO®l =3d AR FF L JF7E F5F3to GAG,
Ordanance SurveyollA Z1e]2 9 F=xqe] PFAH+9 FRE F7}s}
i, GADM¥ e EZ2EZEe Au= 2l 3 EHg & HolHE F7tet
At =3 [28 1-4]9] ‘Antiparos’7} ‘South Aegean’o] <& dti= o
AE YE= ‘within(38 59 Ake]l 23 2= ‘touches(F 474
Abol 91F) BAE F7FstAuh. AT, YAGO2geos 18], = 2
ofdME= Ao g Ant tlo]HAlS Algete] devla A FS e
2 AoggHs 7T & glvte dAHo] EAsTE. E3H Brigham et
al.(2011)2> 7} yvete] AHFoA AFstes AT FA delgAas 7
o2 GADM HolHAE 2 77 dole Al Global Administrative
Unit Layers(GAUL)Z UNSALB$} Hlw @S w] =7t "ojxi= A
= gt
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<http://yago-knowledge.org/resource/geoentity_Dimos_Antiparos_8133698 >
<http://www.opengis.net/ont/geospargl#sfWithin>
<http://yago-knowledge.org/resource/South_Aegean>

(a) RDF Eg] &9 133 o Al(Antiparos’} South Aegean®l] <33t}

(b) South Aegean A% % Antiparos®] %

[Z2™ 1-4] YAGO2geo <A

4 YAGO, DBPedia, YAGO2geo= & &3t #A 5 A+
ko] QA EFTIAATNS AFEL 2

3
LinkedGeoData©= &3F #AE A3 ¥xostA] & Jvf. 3 ZH7 ¢

dolH & 2334 LAY, F4¢ Aol =
AaYEZE Hte g F7F BAE =EFAY Axtslr]ol ofEwo]

=3

Regalia et al.(2019)& [1¥ 1-5]9 oA ¢} o] wAl &7 Z(sliver
polygon) &2 HeolH LA=Z Q18] GeoSPARQLS AH&3] 33t A&
T o AAe} & AdE e AY F RS oAl A ALt
Alzkel AA 289+ EAE s f18) el 2 EFY 2 Abelo #
AE AFAAAE] GeoKGOll AZAsFA Tt olw, =A], T (county), &5t



= HHEYE 2o ® HAASAN, 29 o gl AA= A s
of A5 FdstAT. 2 A A A I Aol thaiA AR
AMS F33 Fo] A9l GeoSPARQLS 33t A¥E HuE RS
u o 208 WE AT HoAFH FIF AAlCl i A AL FEA
< dFetdh [29 1-5]9 WA &2 Powellton A Holar, st
A Z 8] 28 Fayette County A9 =2 R Powellton A9 o] Fayette

il
Countyell EgH YA ¥3#AAES AAst= GeoSPARQLS]
‘geof:sfWithin'® SAFS 85 9S v mAZg 2o 93] ‘Lasx &
5’9 A3E HkEsY v (Mai et al., 2021).

o135t @ 72 oAl (F*]: Mai et al., 2021)

Binchuan et al.(2019)% VGEOIA 30 AHARE FZa A2 1dg=z=
T&e W ‘near'e} ‘far'el REES dAsHy] A AA @oHE A
g s vEo] 33 AYBAAE FEHIAL. dE Eo, “g=a} v}
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7 =7 e AEA VT Y Ay TIEd ‘Med Tk =AY
2= AEodA THTP el AR 7ol AR HE27] wEed FF A L
THEE U2 2345 dete WAS Acke it

AWk, Regalia et al.(2019)3} Binchuan et al.(2019)& 1A 2 9]
A YUeldgE 2 3AE 28EkA ga F3 AAE FESAUE A

g 3 BAE AP AL GeoKGell A %staL,
Ay Aoyt oS W FUHAQ AR S AXA Fa ARE ©HA
s oz $9d 4 9E GeoKGE T8 Weks g3t
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1.2.3 RDF¢} &4 182
Wikidata, Freebase, YAGOZ #H|FE3 v&Ez A2

o] Atk
RDF= 4 olAl dolg e Jau3lts 9s wEo3 World Wide
Web Consortium(W3C) #+ Edolth, EgEFsE TR W1z
(directed graph)e]l™, Eg]Z8 Subject, Predicate, Object® A Ht}.
Subject®} Objecti= =%, Predicate> Subjectell 4] Object Ale] A
AR E YebdtH(Wylot et al.,, 2018).
RDF+= dubd o=z Ed Q3 dolgrl wi, RDF 4 ]H% A A

]_

J
ol

7] 918 SPARQL Ao+ gz & EMstAY 2d = 4 dagss
Ag3t7]19 AHAsEA gri(Matsumoto et al, 2018). E3F RDF dlo] ¥
I = Al HAS AT F glo] AA AAY HelHE 1#=
Jej2 Fdst=d SHAE 7FX 22 It} Haihong et al.(2020)2 #+d
A Abolel ‘A&’ e AAVE TR AAHNS W, olF £
2 AIdud Aol AR HE A Y SA4S 7 A=
2d o+ JdA¥H RDF Holy dAo=m AT wole AIHE £4
o2 3d% F glo] AR gE BAR AGst=d ofE el Adrka A

B> d9-5°] RDF dHolg X3 F2 9 HolHE 4182

o
52
o

HEsl= AFTE FAY HTomasuzuk, 2016; Haihong et al.,

SR EZE =S(node) 9t A (edge)E 7HAH, =&
HA(labe) S F3l A= ttE FEFdFe= Aosta, £4 (property)ofé
AA AAS] 5ZE 7-3 FHE AL = HFadzolrt. 4%
271mbE @9t 8HA] ot dHloly F7hrE Eolstar, Al £A4 e A st
7] 9 dlole] xdel Fo] vt [19 1-6]2 22 W&S RDF E
gEd S4agZE gE2A AT dAolth

HAOYEZE g 222 RYH A2 7 AAE DB A st
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AR kel BAE HAHY] AFste] X AL EA £
i o] Ho] 2%l NeodjE At&3to] GeoKGE 5 R A&t o,

—_ — 1=

T

Neosemantics® glo]BE & 2]E A}&3lo] RDF Aoz FHHUE
GeoKGE 24 717)= 4o Maser.

Alice 09.08.2007 Bob 94
21
\/name / since name
age age
V-1D E-ID

YF’ label

type
edg

vertex label knows label

vertex

Person

(a) RDF Eg|Z ¢ 8= oA

:Person
Name = Alice

Age = 21

knows
Since = 09.08.2007

!

:Person
Name = Bob
Age = 24

(b) &7 TLefz o] oA
[72% 1-6] RDF dlol8 ¢} &4 18 oA (A Besta et al, 2019)

3) https://github.com/neodj-labs/neosemantics
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1.3 a7 49 3 W9

+= factoid question®} geo-analytic question®] -39t

T JdE HHYE FA3 GeoKG FE5HOHS A A} Factoid question
= MAst7] 9al GeoKG F stHel WorldKGell 4 ++¢ 2 2 POI
ARE AAsAY. olF F3F BAE GeoKGel A &3le] geo-analytic
questionS factoid question®} Z°] GeoKG ¢t HHE BMsl= uba
o2 gHole WHES Ak

3l S o] H|o] =2l NeodjE AH&3| RDF HlolH
219l WorldKGE %*élﬂk@ tole FAow wWEstlon Wy
WorldKG®| A7 5 #2] 3+ Neodj AollA F3std

[Z29 1-7]2 Aol o7l Eoks o
KBQA®] #Ao|th(Lan et al, 2021) ¥ AFolMe= AA #A F
KBE T%3t< #4334 Ad 7153 logical forme = KBl 23t
S Wgste B34S gErh

~| Knowledge Base }—-{ Answer

KB
Execution

Uninstantiated | [ Executable |
Logic Form KB | Logic Form |

\ Question Logical
Understanding ————— Parsing
Encoded

MNatural
Question

Language
Question

" Grouding

[(19] 1-7] Semantic Parsing 7|5t KBQA® &%
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POl 7% RAstn 9 WorldKGer 4 dolHE AFss 53
IEE $¥TAG. BATAE AR, AT, §UF DAY Fastd
e = MRS FoR

Geofabrikdol| A #| & 3}+= Protocolbuffer Binary Format(¢]3} PBF)
g2alol gistyl=r dioly A3} Dsouza et al.(2021)9 A #|&3F= =
olu g tglx A Jd | Fet= WorldKGE F=3HA TAE
FEEOANA YW FATARE AFES] AFTFe AH W L9k
= AAsA

BG4 9 ii]* dole = w7 RN A A gt
zitdS QGISE &83] GeoJSON 3= wWEston Zgwte A
& dEQl "y &2 FAY Vst FH = dolgHo] 2o =
?la] Python 7|8t Shapely #tolB.eg]8E E3) A2 tfE Zg
el ksl

POI 5 2 ¥ POI= 243(200602F Ordanance
Survey(2021) ol Al A ol3k POIe] EFEE Fadte] AAsPoH, &

=
QL =1
o= A2BE /AN NAsA T
)

]

FHEE £3

H =io A= geo—analytic T3 Aoje #& + = WHAE &
dat7] Sl Ao dHolEHAlS 45kl Hamzei et al.(2019)0l4 A 2]
2709l ¥ A GeoQuestions20191 4 FE3F 3709 F3HAAE AA
skoltk. A wA= POI9E 349 Alole] *3oA(In), 374+
Atole] 237 (Belong to), POI Atel9] <1<+ #A(Near), B389 At
ol ¢ Q1H T&ﬁ](Border) st FATHe F

=3 BA(Cross)o] t}.
GeoKGE T3 o= Ao Ay s 7oz 7]FE9] GeoKG
59 Aes Hustgon, SO dolguo] e Hojdojo oF

4) https://www.geofabrik.de/

5) https://github.com/alishibal4/WorldKG-Knowledge-Graph
6) https://kssc.kostat.go.kr/

7) http://data.nsdi.go.kr/dataset

Q) https://shapely.readthedocs.io/en/stable/
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Aol A ¢ GraphQLS A&

e s
A s 73
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Alstdr. 2 ATl A AQHS GeoKG 759 ZdHa«= [1d9
2-119 2o

ol &
;g
p

+ (@39, ti= por @

e ™
WorldKG
=
L

WorldKG

()
\_/

(29 2-1] 2 A9 GeoKG 7= Z Y=

[19 2-115 2o] GeoKG 7% =9zt (1) tam= #9
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sl WorldKGE
T3t (3) Hloly F&, A
£S5 GeoKGoll A A3},

1.214804 AHeolstk mpel o] factoid question®} geo—analytic
questionS A2l H|o] 2o ##H AHHO ¥3 FFo u v Ty
3 GeoKGol A geo-analytic question®.® ®HFH+E= HAgox oE
GeoKGolA #HE AHARE A#sla vbd factoid questiono & H5F
2 g AU

o AFo s GeoKGoll A AEE &
geo—analytic question®. & FF%+= 2 2|9

s st ol deleulol s gt AN F= Yoz SHIT

=

i

EE i
o

S

0%

ol

-

o 12
SE,

N

o

g

o

o

fz

il

fllo

+
N
Q
>
o]
I

ol

N

Lt BAE F7rsto], 7]E0l

&l factoid questionol W
X
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2.1 29 doHA £4 R A Ay A4

2 AFdAE 753 GeoKGel AsH7F R 7]E GeoKGete]
geo—analyltic question®] W3k vl E 93] GeoQuestions201S 7]WHo &2
Ao Ayl e E HAAstA

GeoQuestions201-S Punjani et al.(2018)°] #|¢FeF GeoQA Hof A
sHZF golgAle=  F 200719 AFS T ol T
GeoQuestions2012 At o]E GeoSPARQLZ W3kal= o7 (Hamzei et
al., 2022)¢} #Ado]l AFolA AlMEd #AES A= AL et al,
2021) SolAl AFEFHI A= GeoQA dlolEAlo|th, el dlo]EAle] £
st AoE J(d=2 sl=) A9 AHH PA

A

=
79 AAE 7IRtem A AE, Fas HYSR 3 GeoKGE Ao

PN

e

n
o
<
o
£
y
\

=, ==, =

itk MBS A AR J=E WY

R fASD g wsgen], Y7ol dAE [E 2-1)9) 7]
Fo 2ol FEoR e wold JE vavTe FPrdon WA
ahsieh,

[ 2-1] Ao) dele el AT Bels Feas @5 BT ¥R

FEEREE. ¥ 479 Bw
Province =
City Al
County i
Town T
Village w, ¥, 5, 7

oS So] ‘9d= HEF(the British Museum) < ‘= HuHETH(the
National Museum of Korea’' 22 WZAEAI, ‘A 7+ E (county
Cheshire)'s= ‘¢t (county Muan)' & W3katgth wWslsl 2 oo o
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NE [E 2-219F Py

[ 2-2] GeoQuestions201 & 2]

dlolg Aol Mg

W3 A GeoQuestions201

T% A% 98 %

?‘]_l}joﬂ}\-] 7}—%]— 7].7]}% 3109

Agl A g e BFL?

(Which is the closest airport to o .
Which is the closest airport to Seoul?
London?)
=x3B o] #+ = 7}4 5= [eZ]
AmEdEe Jor = dZA=d j’ﬂ'ﬁ‘E«] T AhEs Ak AY
©9
st A oer o
, , (Which counties of
(Which counties of Scotland border
Chungcheong-bukdo border

England?)

Gangwondo?)
dz7o] Aue EAES drty He | YE5do]l Aves EAES drty HE
7?2 72

(How many cities does Thames river

crosses?)

(How many cities does Nakdonggang

river crosses?)

AA FFEE A &o] =712
(Is there a forest in county Cheshire?)

o) l:7]_?

Tkl w0l =

(Is there a forest in county Muan?)

FFg B % e Ade A
s er
(What London underground stations

are closest to the British Museum?)

TEHEHANA M A A& A
sk 27
(What Seoul Subway stations are

closest to the National Museum of

Korea)
GeoQuestions201°l &3t 2ol 3t @S =517 s a3k
7188k AR o] #AAE EFIFow ERS Ao dgA = [&

2-3]% 2ot

_26_



[ZF 2-3] GeoQuestions2012¢] & o] #A HF oA

49 B
Aol Astd w4 AFE?

(How many underground lines does | 221 <-> Zg&

Seoul have?)

NERY] 24 S e2?

(Which hotels are near N Tower?)
A7 & A 7 2 AT
(Which is the biggest county in the | Z# & <-> Zg&
Gyeonggi—-do?)

Ty A THE ThhR A& 8] As)

EEEX)
(What Seoul Subway stations are | EQE <-> ¥QJE XQE <> ZFT
closest to the National Museum of
Korea?)
Agol A 7Hg e uger
(Which is the highest building in | ZE <-> &g HA4HR
Seoul?)

2} 7)skstA AR Apelo] BAME T B o Al= [F 2-4]0 A st
At [% 2-3]9 “=utedeld 7H Tk MEe] Ashd g7l

- %"l pul
£ Aede FPtEdoges 2

) Yo ES) ¢ ]o}zloﬂ olg}= FAEQ A
ob ‘Aglolgte EE AsA ol Fee] #A B P
t}, o] A% T #AA BT g ¥ aslo [L 2-4]° 23 7]ekehH
AR Abole] WAL AA A MEQ 200/ BT e 21572 BFHS

t}.
Regalia et al.(2019)2 A, 3¢S HEHZ
Y(stream)S Zggtel AAZ AR 2 AFo = Regalia e
al.(2019)% #o] 2 AL tgE k<l
= Y AAR AAstAn. e A "ol A ke Aol

L [¢]
HAS =olEe A7t o] Y AAR dAs A

—

i~
__>{1_2
it

ol
oX
-
i
fofs
;{>
2=
[

tR

ol -1
2
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[ 2-4] 71884 AR ko] AAE Jig 9 oA

7131812 HH Atolo] #A e A
AE7t ofddl=nyg o @

=

il

=82 <> EF 77
(Does England have more

counties than Ireland?)
ddelr 7H 7k 2 327)

FOE <> EZ@ & 59 (Which is the closest airport to

London?)

AdogA 7 =2 AEL2?
4R 34 (Which is the highest building in
London?)

vl A 7+ 77k S Ele?
(Which hotels are near Big Ben?)
d27s Avus ogs?

gfel <-> Zg 6 (Which  bridges cross River
Thames?)

AeF oA 1lkm HE <l

1 Z [e)
A FAGL?

ERJE <> ¥RlE 34

(Is there a car park at most 1km

from Waterloo Bridge?)

Al 215

Z 200709 Ao EaHE 215709 )8k A B Aol A
kel dlolg e dHdE BAE 1R, Z292 add A7 1427,
SlESL FHAHE FAVF 987121 Ao wHls] AATA & AS gl
o

o\

b

2l
A

o

GeoKG = & geo-analytic question®] ™3t X5 H7lst7] ¢
3l GeoQuestions201S 71¥te & Ao AUy s AA3IT GeoQA
dolH Al 2= GeoQuestions20l 2ol = GeoAnQu Hlo]EJAlo] YA 1t
GeoAnQue F7HAQl AARTE AFEE, ALHd, 24 59 S

WoRAH 4t WA, SIS 22 A BAE 827} 641%E
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A ek FHAR]D BAIE GeoKGoll AAstE # Ao 543 that)
I Fesle] B AFo = GeoQuestions2015HS AFE-3] F o] Aluyg] o
& TA3stAH

Ao Ayl SAAEE AL B 7ot ARAERE /Y
AR EY2e A AF, 23 T BAVE gt EE L A}
of A= 7HE ®Weol vev AAFA Alo] JAFU3N), WA Aol
EFHEAN), VP THH AAE Ato]l FHEUNLE Yo AU LR

A A
[ 2-5]9 2t}
49|

SFal o,

kel osh Abel e
dele shtel sty A
A g AT

[# 2-5] AAI Ho] Alygled 7ststy AR AA 2 Ao W&
AlYgE e 718k AR #A 49
= .E_Oﬂ/\ T3 51%0:1 L
e 1 FOE <-> ¥OE EHEAAEHTAU
2] Y ELe?
Ao 108 7
Aele FolE <> ol d = ol ;L of] A 2]
otoll Qe AFAE?
AluE e 3 FJE <> Fg& tetEol &3 tisha=?
_ Ago 3 A wA
AEl e 4 ol <> Zg o0
ZEe <> Zge dLT AHI} AT
Al L 5 N
(Ao A-FA) =2
ZaE <> Ze i ]
AEl L 6 _ S To] £33 =2
(AT Abole] x3dA)
Z <> Zg
Ay e 7 St7}o] 2+ HAE2?
(FAFAY AAE FHIAA)
_ 29 _



2.2 GeoKG A A

i

mlm

43t POIE UF1 &84 WHORE GeoKGE T53H7] ¢80
2 AFdAE 71E9 GeoKGeE FFHolHE $Fete Waoe=
GeoKGE 53t WorldKGe L2~
T4 22 gz FFuolg FolA th
= Ao s 1HPS W 75 Lol FHA A
tha ddsle] 7]Eko]l  Hi= GeoKGZ WorldKGE A A3kt
WorldKGell &FdHlo|HE AF&83te] A9 2L FQ POl 5o HH}
Aol deolyAlS #A HdAS 33 dAE F7rskAth
2149 [ 2-3]oll A A& npef o] Ao dlolyAlel] x3H =t
A dlolEfe} #E Aoyt ¥QJE, Z L dloJgol nls] vl Ho £
ATdA = GeoKGE 75 o 2l dolHE F7iekAl Fdrh gt
Ab S, T4 o ol ZEl o)y FoA AlMAoR YT
=3

Eiaciiis=s & it

—L]

221 AT AR A5
GeoQuestions201°] £3F o] A7} Al Aot @9 AE
ST @elel slgsl Village'= A Ao < 37K Hejukol
JA, SH AE Adsty] fd FATH dolH= Al
G AA T s JEE w7 E R

s
R

o]-rlo{

HU b
S
i)

of M ox
offt
~N

M 18 X %
filo
N
N
2
o2
o2

N
-

i, o
TEHYA . web @47l An vE U A A7 3

9) http://data.nsdi.go.kr/dataset/
10) https://kssc.kostat.go.kr/
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S

g

a}

A 7}

}

T

A 3

AL
2]

=

=

1=

A, BA Y

9

=
=
R

=
B A e}

st e,

S

oA

T
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],

==
v_l:"

Fa2p 7]

=
Neo2 AEA AEE
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7ol

A

94

il

B

|50 FHd

BT, BT, AT T, AT 5

o
g

0

i

)
o H
2

B

N

B
i

2]

Br

O

of

AHE
ol

°

1

)
i

s

of o
A ol o,

T

T

oJ
==

A7

P

[e)

Fol s Tl e

T

| .

FA Tt

°©

A

e

e

=

A 7}
Aol ot

-

=

T

49 BRFIFol 2

T

T

T

T

SR, Ay

S

=< 7]
] o of

T

of #A7F B4 =

==
‘:l’._'_

7EE AT Afole] [1¥ 2-4]19] (a), ()9} o] #AH =

[ex]

[Z29 2-2]¢] (a)

(29 2-219] (c)

=

=

o
=

xéy_
A7F

947

™

ol
o-
o
o
olp

%

9 ‘P === ‘Belong_to #AES
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() 2& AATARE A wn
5

gtz 7

(© 49 BTGl 2& W (@) H9 BHTAYe] B wED
B7E A =) FEE A

(29 2-2] SHAATIgEez A 75 A £AA

2212 E2 & AR A7)
Mai et al.(2021)2 7]818H4 An dolg e Ra= ols) 2] F7+4
ol gal=ul sHAZF Ak s Th webA 2 AFol A= GeoQA i
3z

okel @A FRehux} Fel: Abole HuleE FaE Ao wE
g2 WA Fahe 4o 5 AR BA o]se] A E F¥5
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() SEie] AT A=
{"type":"Feature","geometry”:("type":"MultiPolygon","coordinates"™:[[[[126.92181353437245,33.98876244691312]

[127.04773613842956,34.46062373552936]][]},"properties”:{*SIG_CD"-"46890" "SIG_ENG_NM":"Wando-gun","SIG_KOR_NM""2HE 2"}}

(b) &= 2] GeoJSON
(18 2-3] &=+ FFF9 A= L GeoJSON 3¢

ZY & ARE AAstE FAHAA [2¥ 2-3 (a)]e] S=t3p o] o]
A

=

_ 34 _
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324 GeoJSON o A]

GeoJSON¢| R&3= =Y

“type”: “Polygon”,

Z9= “coordinates”: [

(Polygon) (13, 11, [4, 41, [2, 4], 11, 3], [3, 1]

{
“type”: “MultiPolygon”,
“coordinates”: [ L -
[ ~. /
dy ZI & [[3, 41, [4, 5], (1, 5], 3, 411
(MultiPolyg 1, .
on) [ N
[[5, 1], [3, 3], [1, 3], [1, 11, [5, 111
]
]
}
(29 2-4] E2]+ 2 FEEE 29 GeoJSON ¢ Al
Fiol g dolgHolaE HEZE R 2o Y g 7]
=4 EAE A et @k weba] dHolg o] ~et #AIgle] HE
Zg o el ‘Point in polygon(within) ¢14to]t} Zet AHA AL 5
o] EE ¢ AiE A sy fd "HEHEY RS EEeow EEste] A

2-5 ()]st 22 "HEZe2S [29 2-5 (b)]ek 2o
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HH A 78 AHE thEE ‘Shapely’ 3to]# glolH gl E ALE
)
=

RE



=

U
(r

=)

2 Zg2o® B3 NEE GeoJSON HAS AT & Neodj
39t 71 GeoJSON 3o FAFAuir} SAAHH

!
Y
i)
o,

>=

[e)
s BT BTo] AP B ol AHo] TFHojlTt WE B2
27t Belwow REF F odolHE AAT W PPTFHE TR
s welol WEEY o] THHIUN SHANE 7 Fewe] £44

(19 2-61& R EE Fel A A4 g9 dAelth [
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26 (@lsh 2ol WEEelE FAel HolHE PRTFY wee] Syow
Frhske oAl (17 26 (b9 AAAY FEEYwne AE ETo
2 2% 5 7 Felwnid Sgse BoE wcd A4sa, oY &
g2 wmso] Ee dolHE £HOE AAF F AYTY wsg A7
st gdom WEHEYE dolHE 4T wrd AnE Fed
.

GeoJSON 391l £44ne PYFIPL S5, LIS 2
o] 49 WATIFl B HAYA o} B AFTIFL A2 vhe
oo JRsh A" F dvh mebd, B AFNAE Neodisl B4 T
4 wcol EdE deldE PHE 4 4379% A4 14 WEs

7 AT Z=E AbEete] A TFY =9 v X (match)3sF .
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korName : 2t
EnName : Seoul

Polygon : [126.132456, 36.6545640], [126.1324577, 36.65456441].......

BHRY

(a) ] A FATHe] E2 AR HA oA

Polygen © [126.132456, 36.6545640], [126.1324577, 36.63456441],...... Polygon - [126.132498, 36.6545123], [126.1324413, 36.63456543] ......

korName : =3
EnMame : Seoul



222 POl AH =

24 == 8 WA F5S flske] A 2ol eyt ZAY
e, #FA et o] oty A= dE POIE AAshar, A

B A 7Hh ol H /I =7tetd B EEHI2e] HolHE V|Hto R

Rl

(2006)¢} ®wid POI #F3%E w33l Ordanance Survey(2021)e] =
£ Fraegiv

Ordanance Survey(2021)= 9719 o+, 52709 T+, 6007] ©]
Fe] 2®FE POIE ARt ditd 2 Ui $8F< [% 2-6]
7 2

[ 2-6] Ordanance Survey(2021)¢] POI th&fF 2 FEF

E’H Bn = =31 =
- T S T T
SAAE 2 543 . .

) ] Accommodation, Eating and
(Accommodation, eating and o

o drinking
drinking)
Construction services,

Consultancies, Employment  and
career agencies, Engineering
services, Contract services, IT,
advertising, marketing and media
g A services, Legal and financial,
(Commercial services) Personal, consumer and other
services, Property and development
services, Recycling services, Repair
and servicing, Research and design,
Transport, storage and delivery,

Hire services

11) https://www.localdata.go.kr/
12) http://www.nsdi.go.kr/Ixportal/
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Botanical and zoological, Historical

A and Cultural, Recreational,
(Attractions) Landscape features, Tourism,

Bodies of water
Sport and entertaiment support

A= 9 o services, Gambling, Outdoor
(Sport and entertainment) pursuits, Sports complex, Venues,

stage and screen

Animal welfare, Education support

services, Health Practitioners and
s 2 A% establishments, = Health  support
(Education and health) services, Primary, secondary and

tertiary education, Recreational and

vocational education

Central and local government,
T35 Al o

o Infrastructure and facilities,

(Public infrastructure) o

Organisations

Consumer products, Extractive
Az 9 ALt industries, Farming, Foodstuffs,
(Manufacturing and production) Industrial features, Industrial

products

Clothing and accessories, Food,
A v drink and multi item retail,
(Retail) Household, office, leisure and

garden, Monitoring
Air, Road and rail, Water, Public

transport, stations and

oy

[e)
o

(Transport) )
infrastructure, Bus transport

LAT(2006)= tHAel A wel & 8UhY T, 43708 T
F, 448709 AEF, 1,373709] AlEF=E POIE &RFetdon o+ [
2-71% 2.

=2

_40_



T A A

(2006)¢] POI

<

2-71 4

Ay A
it

[

B %o %o o e - H X
sl =T I~ A NJo Moo | o .
T T < o o >~ < wl
~ bjo o w < Mo | X R Ho T M
A c o | e - N o e
m i Ho MV mﬁ. mm o | 3 < E ﬂ e Mm !
[l - o e N e " RO . bo o
N B - X R i IR T P N Il B
LT | R %o | B =T |~ m <
N e B i e e e P
Mo & op o of o | Mo o |NF x| R RO | we mm | N- RO
T oo | A N I
% < = ﬁ N ~ X
U e ol In oy
RO mo gy ﬂA/l el B! ﬁﬂu ~
5|7 o
A Ay % o™ | Eox
W X - £ 5 < ﬁﬂu S Mo T » B0
WK T ™ o WA e
ol = | ®w ® | g | on % ~| L@ |2
o | w4 | | Q| E R
X | B2 . 0w ~ N | W e
I N . & R N S A
¥ LR wh ) T i | e u_ﬁ M
T RN A ] < NN LR W
Wo | =T m | Al ™ of | Ho M| W | o X
= op L] T A o N (e BN x| NN
L G T Xl =wm |a|a|X
il i ® (& R S
T T 7 Iz oo o o2 o)
B =0 7 o b Ho ~ ~

2-61% [

-
it

[

T
-

A el A

} T}, Ordanance

)

2-8lel A=

-
It

[

EFAAE 7|vto =

o]

POIE %

o 32

Survey(2021) 2]

=]
Py

=]
T

Q]
=

B 52

(2006) 2]
£9], Ordanace Survey(2021)¢] °

<

4

=~
=

skttt o=

A

/4 5.(2006)¢] ‘A

o 24

Nlo
-

—

TVEFe] Wl olw 7} g

H =
CTT

(2006)¢] “71s1/A"

<

% 11, Ordanace Survey(2021)e] ‘A Ajnv]~’
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=it A5 TEH dETel EgskA @dth ol9fdl ‘ulE, ‘o F,

A, TR, ‘WSS [3E 2-6] [ 2-7]o BT E2EEHo glo] o
T2 AAsa ‘A AL 24435200609 7IEPC a3 ‘of
3 E’9} Ordanance Survey(2021)9] ‘subA|A’S- dtalo] 1731t}

AFE Ao dAR E AFdAs BE POl dig dRE 75
b= W Al B3 POIE AAS AlHAoR F5ste] Ads s
AT

o & F gl ¥ POI
SHRAl A Rl
A Ao AA AR5 A
aE Hle] AlA 2|8} H
ols AlA 1 9]

g A Al THA S AA
TEA 78 2k A
F71 A ofu}E
ag A o & ul

fr'e "W AA IRt
o8 AA =ole sl

2.2.3 WA BA

GeoKGell A At @A = GeoQuestions201(Punjani et al., 2018)<}
Hamzei et al.(2019)S #1135} t}.

_42_



GeoQuestions201S 4 uw A4

W8 2 WEaE [ 299 2 3

il

AZstel A A olet sl

M

st w75 93l “ArIEdd A Tt
F 2 +2?2(Which is the biggest county in the Gyeonggi-do?)” 3} Z+
o] Aejo ‘in'olet= Tol7t 2E YA E E 2y E L Alole] X

g #A o] 7]o ‘BELONG_TO'Z #F3stlth Egh, 22004 #4138k nle}

Ed, I3 BAE AYstATt dE 5o, Az AF e

TAER gHe2?Y e Hdoe ‘THEZEHE FAT9Y Y
[e=]

‘7o) #A el ‘BELONG TO'¢} ‘=HEE'9} ‘AAdxr’

.

O
O

&
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[3 2-9] GeoQuestions201 2] &3+ #A 7 2 33l

EEEED
7 #A A Zd3SF
#A
Ay 797 POI FOE <>
In o _ 103
A S
POI¢} POI 7H9] FOE <>
Near 35
A" A=) #A ¥OE
P 7he ZYI <>
Belong to o _ 34
SZEEA Z2
Largest/Highes
t/Longest, .
Sy R EL] 34
Area, Length,
Population
AR
Zg L <>
Cross 7+ %oy 22
14 (£ 3H) 77 T
AT 7He ZYI <>
Border _ 13
QA A =2
P+ 7He Z L <>
Azimuth _ 12
9] A Z 2]
FAEL->FAE
. A+ POIL 4 | _
Radius FAEL>ZYE, 12
Sozne WAy .
gel<->Zg 2
EQIE/E T F A
/EFE A FOES->EIE,
Closest v B _ 1
FIONEL>ZYE
¥ E #A
A Akl € FJAE->ERIE,
Distance _ _ 3
A #A EQEL->Zg

Hamzei et al.(2019)2 MS Marco®t GeoQuestions2012] 2 o] do]
Al TAste SHAAE FA5H L [£ 2-10]9] 23E ==3h
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[ 2-10] MS Marco ¥ GeoQuestions201¢] &7Fa474 2@ =3 35 (Hamzei et

al., 2019)
A
Ao £3d #A Sgo 2338 #AA

In (3916) In (10851)
Near (153) On (379)

At (142) At (362)

On (109) Near (275)
Between(38) Between (251)

[ 2-10]1¢] Ao/ = s dolg FE53 WA o=r 7ot
'] 45 & delA [F 2-9] &7/
o Alolo] T AAE YUEUWE Tn'd AT Atold x33AAE YE
Y+ ‘Belong_to'E

&ot= dAZ L At

el B AFo=E &4 HEE Z|Hto g2 [} 2-9]9A4 Belong
to, Cross, Border /] TAE, [E 2-10] A4 In, Near?] #HAE GeoKGoll
AR T BAZ AR Between'e] 49 ‘In’, ‘On’ &< A<
Huskls wf HlE7E Aol AA A FdTh
H

TEEHE 08 2o

]

- Belong to
PAT 7he] TAPRAS e = BAo|th A Lo Ed FUF R
ol AV AAHA YEE PP wEE TEH}E

= AAs T

_45_



11 HMEEEA seoul EH 1

1" MHESEBA 11010 EE Jongno-gu ; = 11010
11 MEEEAN 1110 EEF 11010720 HEERNES Cheongunhyoja-dong HE i 1101072
11 MEEYN 11010 EE7 11010530 NS Sajik-dong it 78 A 1101053
1 HEELEM 1oin E=7 11010540 HHE samcheong-dong i 1101054
11 HESEN 11010 z=23 11010660 L) Buan-dong BEEE 1101058
11 MEBBEEAN 11o10 = 11010560 HEE Pyeongchang-dong & i 1101056
1 MEEEA 11010 E23 11010570 FUE Huak-dong i 1101057
1 MEEYM 11010 EEF 11010580 IHE Gyonan-dong i 1101058
i HEEHN 11010 EE2F 11010600 M E Gahoe-dong i 1101080
1 MEEYM 11010 EEF 11010610 | Z=21.2,3.47kS |Jongno 1.2.3.401 11 sansa)-ga-dong i!%»l 2.3, 48R 1101061
i HEEHN 11010 E=F 11010630 EE5.67LE Jongno 5.6 aryuk J-ga-dong #3556, 6850 1101053
1 BELY R 11010 EET 11010640 0% s Ihwe-dong 1101064
1 MEEEAM 11010 E27 11010730 HEE Hyehwa-dona 1101073
11 MEEYN 11010 EE7 11010670 HM1E Changsin 1¢il)-dong 1101087
1 HEELEM 1oin E=7 11010630 aMzE changsin 20 i)-dong 101068
1 MEEEN 11010 EEF 110106390 HMIE Changsin 3(sam}-dong 1101069
il HEEEM 110 E=7 11010700 =21E sungin 1(11}-dong 101070
Al MEELAM 11010 E2F 11010710 225 sungin 2(i)-dong 101071

[Z29 2-7] A&Arle] G B7FE <A
= 57 o«
dF Eof, [29 2-719 FATIERFIEAE AEEEA, T2,

A gl FHR dlolErE AT w=E YA

5 A <-[rBELONG_TO]-%&

Hu 2
¥0,
mlo
£
[e=-)

g Az YHTY == 943
sl s wASE B AAT UF BAS A7 @ 2l

EFAAE G

POISt 4G99 3dAAE YUeEtdl= BAZ, Neodj spatialld &
2] 1919 ‘withinPolygon’ €14+S F3&] PO/ 43 % whelo] 3
AT9s dAstdt. dF 5o, “AtetTel £ B A=

- Near
Binchuan et al.(2019)2 &3 ZAAHE=Z 7Hg, AP V&8 &
2 AAEE Jd97 2489 oW, Punjani et al.(2018) FE3F POl ula}
7T e B E dYm AA e

13) https://github.com/neo4j—contrib/spatial-algorithms
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2 ATl = #A dHolyrt Tleta AR SUtste S WA G
sl di® POIo| thafAlqt ‘Near Al 7l+& AAHsta AAE AZs
2 Th. Punjani et al.(2018)2 ‘Near'e] H9 = [X 2-11]3} Zo] XA
=
[3 2-11] Punjani et al.(2018)2] ‘Near'e] A& 7]+

POI ¥ 2 =4 4 d=wtz T4

71& 500m 5km 1km 1km 500m

ST Fadt HAE Alole AAE A3 Elizabeth(2011) & W% il
EAAA Aol 4 9l AW AZES 402m(0.25 v R A A 8
o= mtd @97t obd HE G R W3E S ul, Punjani et al.(2018)

o] AA3 Ao ‘Near'e 7]5< 500met <AFE AS 3Helst 4= gl
t} wpEba] B o Fo A= Punjani et al.(2018)¢] 7|+#& a3t ‘Near
o] M9 E [ 2-11]o AsAY. “a& A WA ‘T2 717hole
A= AYHH ZF2 AP V]To] BEd
7 9]
d

oo g@e sty fg &3t

Aolth. [ 2-111¢ ‘A3 ‘T’ 7lES Faste] & AFolAs
i%@%‘: ofstE, thdtule] ‘Near 7|FS 500m= HAstArh &g
[3E 2-11]1¢9) ‘T3 ‘A=npa'e] 7eS Farste] o9, Astdo, 4%
Aol ‘Near 71%S lkm=zZ A4, 1 0|99 W E9

27 &

A, moled, ddad= 7IE€2 2km= *Hga}gﬂu}
Neo4dje] F+ A Alele] A#E 38+ ‘distance’ 9%

= 72 Qte] EE POI HlolH ¢te] #AAlE AZdsAH
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[ 2-12] POl ¥ ‘Near 7]=

o uk z=3 3]
i EL SELIEEIE A
| g4 He | A% 2%
29 A E kv z9
%] AlA £
71 | 1km | 500m | lkm | 2km | 2km | lkm | 500m | 500m | 2km | 2km

AT AHE BAE UrEMM 23k #A oItk GeoSPARQL
et al.(2019)¢] A=3% e}
o] WA Eg 2y e HlO]EiPJ o = <l %—% fla2c SIS MR
2 we vEE ¢ ok mebA B oA OML AHL%L L

% 5

o o o o
offt
S
>,
-
1o
ro
o)
rJ
2
i
2
O~
g
=2
=
i)
4=
rlo
>

- Cross
AA S PG+ ko] AH e wA BAES JeERlr] 93 B
olty, 7t AAREES ST E HolH(dFTTEAL AT T =
Zhetdoll sidele AES WAeE #AAE s ow, =rbsk
Al Abole] #AIRE kit 919 ‘Border'$t #e WAlo®
ArcGIS 9] ‘Repair geometry ¢ ‘Intersection’ 14HS <=

=
UL o] 2= PFAT Y dHolHE A5 HAE AAsATh
== g WAES AFHoR AAFAS W, ¥ =&dA 75T

GeoKGe] 27)ul= [2¥ 2-8]3 2},
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BELONG_TO

N
1

\fm
POI

7
Y
3
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2.3 GraphQL

S48 == RDF dolg @43 Hlasls # dHeolHE 387
golstal, ~7w7b A AfHErhe Aol Ak AR RDFE
olHE HAAMati dHolHE FAT F Ade xFEstE dodolql

gz volHuelamtt A2 e A

Eluo] oA zed ¢ gl=s AAE GraphQLE AHgste] 753

GeoKGE #2353t}

F R w—
D"" " € GraphaL > A + ' & Cypher — ’
= == LN X\

(29 2-9]= AF8A7F GraphQLS AF&3] Neodjoll A U=
dlo]El W o] 2o 3= o Aol Tk

T5% GeoKGE GraphQLelA F2at7] f1aiA = GeoKGE 27|
vl wtd o] HQslt. Introspectorldi= Neodjo] 27|nfE FE3= ol
By goltt, B AFoAE= Introspector #olH e g E o] &3] T3
GeoKG®l 27]vt & A%l a, 27)m sale] olAs [29 2-10)
v 2o

14) https://neodj.com/docs/graphgl-manual/current/introspector/
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type Gu {
area: String!
borderGus: [Gu!]! @relationship(type: "Border", direction: OUT)
dong_num: String!
belongToCities: [City!]! @relationship(type: "belong_to", direction:OUT)
gusBorder: [Gu!]! @relationship(type: "Border”, direction: IN)
name: String!
name_En: String!
point: Point!
geometryPolygons: [Polygon!]! @relationship(type: "Geometry", direction:OUT)
population: String!

[Z2¥ 2-10] Introspector® &3l F%3F GeoKG 2=7]ule] o Al

(29 2-10]12 2=7Ivp F A Fo gk oo oArojt} =9
gl WA AH JEAY, FOE CF AH So] A7|ulo] " E A
th WA o]F T ARE £4YE PHoR, 94 FJHE EJAE YA
o2 AAE oI, ~7|ntel] NMIFEHASS FAT F AT

F7F #AIQl Border' ¢ ‘belong_to), < AEES Yee= A<

‘Geometry' &= 27]vlo| A &21& 4= 1t} ‘belongToCities'= ‘City’ ==

&
e,
filo
N
rz
o
it
=
o
)
=
o
[>

GraphQL <Q1E #| o] = A= 27w}
of Hal Ao 4 vt [2¥ 2—-1118 @7 &3 A9 ol&S
G

£ Neodjo Cypher & o &3}
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1 match (n:Gu {name:"22tF"})-[r:belong_to]—=(m:City)
2 return m.name

(a) Neodj CypherE o] &3 # ¢

|~ query {

2+ gus(where: {name:"Zein1y]
3 belongToCities{

: name

gt

(b) GraphQLZ o3k 7z
[28 2-11] Neodj Cypher®t GraphQLe] # & &
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3. GeoKG += ¥ ZA ¥

31 29 <3

AT AM = 2o A Ak WHES EUE Ay 9SS
dom MEE GeoKGE T=3ok3lv. dHolEHlo]22= Neodj 4.0.7
Enterprise A4S A}&3l0oM GeoJSON W3t 2 F7rdAsre QGIS %
ArcGIS®E 33l A $742 ofgfel 2
OS: Microsoft Windows 10 Education
CPU: Intel(R) Core(TM) i5-6500 CPU @ 3.20GHz, 4 o, 4 =82
Al A
RAM: 8.00GB

3.1.1 GeoKG F+= ¥ A=Az

WorldKG githuboll A A|-&3t= EE3F Geofabrikl®o] A A& 3+
Rl A1 osmpbf A9 HAES AFEE] thEHl=m A Fo] T
st WorldKG HlolHE FZ35H9 . Neodjol RDF dle]g 329
WorldKGE A A137] 98] Neodje ‘neosemantics’ Z2]121160 2 o]

HE Zegt) tolge ¥E FAHE WGS4 HEAZ AH&FH

WorldKGe Wguns A A= == o] ‘AmenityCollege’ 2
‘AmenityUniversity’ ¢} #o], ¢t 33 AA7F A =2 & =2 759
AT AbElZE AR EASAT diiE POI ARE AAst= 2ol A
GeoKG 75 F 22 AAE AAste w7t A2 tE epilla ZA8)
A FEE g3 POI9F 22 YrE 7Hx == S F3 skt

15) https://www.geofabrik.de/
16) https://github.com/neo4j-labs/neosemantics
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[218 3-1]oA] &
2 Wikidata®] URI A X7}

T3l ‘type’ A= =29 FHE A Yst=d, WorldKGE
gz doly P2ow WEsl= HAHAA type FEEO] =9
Aojgol B Q3 BAo]7]|o] BE type HAS AHA| ST

RO
e
Hl

Node properties © >

<id> 377 e
SFEHS uri http:wwwiwikidata org/miki/Q1609 ©
% 3731

(29 3-1] WorldKG W] Wikidata == 2 7] 4]
312 AT AW =

fetdls FATF ARE FATREENY dRPHTIERE
stk 5 B A WorldKGell o]n] 5o ds AE e A=
&S WA 98 71 WorldKGe] 349 ==
A & FAFFd g NEA TEHA

3 Agsts A7k g7 Aol Zds AFst

Mt Mo
ol
e
>
o
1o

\
It

|
0T

)
H =2
T

17) https://kssc.kostat.go.kr
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= 53647he 8 == 30,1740 A F 3552871

A Is7E dolHI®= ALK HAle] ARE AHEES

s7le] AUAS AT Qo) HHAN, 4, WY, FFAKAL, o
,%ﬂ%%%X1@ﬂ 2157k dolE e ARE AHgstg

olHA A HAST F gle AstHY, FEA, olFE,
dlolel £&190] 4 e to} ARE HAeArt
POIS| £4ow 3%, H3ils o RS F7hskslvh. F 527,12770 9

- In

Neodj spatial Z211219] ‘withInPolygon’ $t+& Al&3) POIC 7
A% Hxe FFTY ZE 2 doly Atelo EItAAE AU
Z 84881071l #AE AT

- Belong_to
SARFEYS FFVRTALFE Fus BAS AHAAL. 5

18) https://www.localdata.go.kr
19) https://www.data.go.kr

_55_



5337719 BAZE AAsA

— Near

223904 Aod thE POIE Near HWE 7|27 Neodjoll WA
H AYTTE o] & HAAHANE AAE AR AT AL
3 POIS 7WF7F @Wol ‘Near'®] #AZF #ZshA BolAl= £A7F &
A8k AT

ok, g POIERE 44
st e AZ4E POI=
POI® +#/ % 7|+& [ 3-1]

A& A4 see

3t POIY] FH/ZE 2I& A3t #A=
Zk91e Al A AskdTh ZF POIE 2 A4S
of thAl ettt F 2,723,78671 ¢ #

[3£ 3-1] POI ¥ Near’ 7]+ % 4 POI

N 3 . 3 o3
su | &4 | As Y2z | o | o o]
A a . #He | AH R = - &Y =g
] L= Z‘é = }\] g 1 — e = [
O Al A " = EH%J}J\_ X]B]—P:Si X] 6]'%]‘
Az | FAE AR g e, | we | wa | a0 | gan | Aea | e,
wolz | o, ]
POI J o | CPFE | BEA L SEAl ) st A | g o, | F9A
R B 5414 B
71% | 1lkm | 500m | 1lkm | 2km | 2km | lkm | 500m | 500m | 2km | 2km

- Border
ArcGIS® Repair Geometry &= HA| Zg & 59 oHE A
3}al, wZ}(intersection) GAAFo 2 FHE3TE o1 TWAE Neodjoll A A3

t}. = 14641712 BAS A4,
- Cross

‘Border'¢} v}z7FAl 2 ArcGISe] Repair Geometry &< % wzp A
Abom G e AFFTHY HeolHE FHS3 Neodjol A Askadoh
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Z 1877709 #AZS yAEAT

o9l E FHFY rof I =25 A4S E ‘Geometry’ T

= 3017470 A4 E A}

2 33 wAE A A sl (3 3-2]d F e

2
A FR7 M
In 848810
Belong_to 5,337
Near 2,723,786
Border 14,641
Cross 1,877
Geometry 30,174
il 3,624,625
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Abstract
Constructing the Geographic

Knowledge Graph for a
Comprehensive Geographic
Question Answering: In Korea

Region

Kim, Donghyun
Department of civil and Enviromental Engineering

The Graduate School

Seoul National University

Question Answering (QA) system is an information search
technology that finds answers to questions that come in the form of
natural language, and is actively researched and performing well in
natural language processing. However, search engines, including
Google, and existing Q&A systems, have difficulty returning
appropriate answers to questions related to geospatial space, which
account for a large portion of the total query. In order to overcome
the limitations of existing question and answer systems when
answering geospatial questions, a geospatial knowledge graph

(GeoKG) has been studied, but it still does not properly answer
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factoid questions and geo—analytic questions. Due to the lack of point
of interest (POI) and types of spatial objects held by the knowledge
base, it is difficult to answer the factoid question, and it is difficult
to answer the geo-analytic question due to the poor accuracy of
spatial objects held and difficulty in performing spatial operations.

This study proposed a GeoKG construction plan to solve the
problem of factoid and geo—analytic types in which existing GeoKGs
suffer. In order to respond to more factoid questions, we fused public
data with existing GeoKGs, and geo—analytic questions were designed
by adding pre-computed spatial relations to GeoKG. After that,
experiments were conducted across Korea region.

After converting WorldKG, which has a large number of
geographical objects among existing GeoKGs, into an property graph
form, major POI information and information extracted from
administrative districts and polygons were added based on public
data. In addition, GeoQuestions201 and MS Marco datasets were
analyzed to load spatial relations that appear at high frequency as
relationships by performing information extraction and spatial
computation. The query of GeoQuestions201 was analyzed to create a
query scenario for performance evaluation of geo—analytic question.
As a result of comparing the GeoKG constructed in this study with
WorldKG, it was confirmed that the GeoKG constructed in this study
could answer more factoild and geo—analytic questions than WorldKG.
In addition, to compensate for the shortcomings of property graphs
without standard query language, queries through GraphQL with
versatility were also performed in several property graph databases.

This study is meaningful in that it proposed a construction plan
that expanded the scope of factoid and geo—analytic questions that

can be responded to GeoK(G, which was constructed by loading public
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data and pre-computed spatial relationships in the existing GeoKG.
keywords : GeoQA, GeoKG, Factoid question, Geo—analytic
question, Pre-computation, Public data
Student Number : 2021-29171
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