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Abstract

Recently, the demand for a QA (Question Answering) system for human-machine communication has increased.
Among the QA systems, a closed domain QA system that can handle spatial-related questions is called GeoQA.
In this study, a new type of graph database, LPG (Labeled Property Graph) was used to overcome the limitations
of the RDF (Resource Description Framework) based database, which was mainly used in the GeoQA field. In
addition, GraphQL (Graph Query Language), an API-type query language, is introduced to address the fact that
the LPG query language is not standardized and the GeoQA system may depend on specific products. In this study,
database was built so that answers could be retrieved when spatial-related questions were entered. Each data was
obtained from the national spatial information portal and local data open service. The spatial relationships between
each spatial objects were calculated in advance and stored in edge form. The user's questions were first converted
to GraphQL through FOL (First Order Logic) format and delivered to the database through the GraphQL server.
The LPG used in the experiment is Neo4j, the graph database that currently has the highest market share, and
some of the built-in functions and QGIS were used for spatial calculations. As a result of building the system, it
was confirmed that the user's question could be transformed, processed through the Apollo GraphQL server, and
an appropriate answer could be obtained from the database.
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2. O|2H HiZE
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Table 1. Example sentences in GeoQuestion201

Sentences from
Korean Sentences

GeoQuestion201
Which restaurants are near AEAA A0l =
Edinburgh Castle? AlLko ol A8

Which is the largest lake in

England? SFtol &) 7 2 S50
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Table 2. FOL conversion with spatial keywords

Korean
Sentences
ek Q1
TA=?

Spatial Relationship Extraction
from FOL

x0: PLACE(H¢H A CITIES(x0)
A BORDER(x0, 2I2h)

Fig. 4. GeoQA pipeline

3132 /2

311 3zt =

— = =

CER

HO
H

432

Qlde]| 9= 7} BIGGEST(x0): PLACE(S13) A

APARTMENT(x0) A IN(x0, 013)
x0: PLACE(&-AF) A
RESTAURANTS(x0)

A IN(x0, -84




Design of Knowledge-based Spatial Querying System Using Labeled Property Graph and GraphQL

Table 3. Spatial Relationship sorted by frequency

Spatial Relationship Frequency Spatial feature Selected
IN 108 Polygon < Point @)
NEAR /CLOSE 26 Point < Point O
LARGEST / LONGEST / BIGGEST / HIGHEST 20 Property(order by) O
BORDER + EAST /NORTH / WEST / SOUTH 20 Polygon < Polygon @)
COUNT 16 Property(count) X
CROSS / CROSSES 15 Polygon < Polygon X

E}(Table 2).
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Table 4. POI categories and representation

POI category Representation
Transportation Car park
Living Restaurant
Travel/Leisure Hotel
Medical treatment Hospital
Finance Bank
Public/Administration University/College
Company/Group Apartment
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W0 eho|Heje] 2 o] §5to] AHF0.2 A HTkFig. ).

type Bank {
restaurantsNear: [Restaurant!]! @relationship(type: "NEAR", direction: IN)
nearParkings: [Parking!]! @relationship(type: "NEAR", direction: OUT)
addrCountry: [String]
addrFloor: [String]

type City {
belongToCities: [City!]! @relationship(type: "belong_to", direction: OUT)
borderCities: [City!]! @relationship(type: "Border", direction: OUT)
capital: [String]
description: [String]

type College {
inCities: [City!]! @relationship(type: "IN", direction: OUT)
nearRestaurants: [Restaurant!]! @relationship(type: "NEAR", direction: OUT)
description: [String]

3.3.2 GraphQL HEZ 44 & GraphQL 44
WA 719E 25 W oRA BAS B AR B2
el AES FOLE Wehen) & =Fo 4 7} FOLo| &
Aotz F7H WA WHE 716 E, T Ao TE )
< o]-8-5to] GraphQLS A&} Sl HESIE A
}ICH(Table 5). 7 =210 25t 7
BAl= FOLERE thA] 3 =55
GraphQL 2]7} A/ =] {cH(Fig. 6).
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Fig. 5. GraphQL schema EFU Qi) ThoFst e Wl Au| AR RE Yeldke pol Y )
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FOL [x0: PLACE(Big Ben)|  HOTELS[x0) » x1(x1) A NEARx0, Big Ben) g2 HlofEl} A=A S ‘_o}f,\l‘/} == E N
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3 . T UA) =Bk £4ARE 2815 $13) 2 PO £5E
GraphQl =" T3 itk A FRE 4710l B3 RS AR A3t
)’ 4 POI %52 Lietick Fig 7ol 53 KB 442 A2}
Fig. 6. GraphQL generation from FOL kst
Table 5. GraphQL templetes
Keywords Example sentences and templates variable
“gjo} L ofH EAJo] Glof2”
query {
S{Entity} (where : (name : S{namel}}){ entity'POI type
inCiticst :
IN : 1n;r?12 name : POl name
}
}
}
A1 AfolstEd A ke W
query { .
S{entity} (where : {name : S{name}}){ entlty : POI type
NEAR nea il { feature : target POI type
, e name : POI name
}
}
Aol A 7HE w2 At ol
query {
S{entity}
(]_ﬁ;%’é%é’r (opti::\g : {limit : 1, sort : { E{PEGPErtyl : DESC}}{ entity : POI type
EfEoRezty] property : property(size, height, area, etc.)
/HIGHEST) o
e} QIR A= R
query {
cities( where : {name : S{name}) {
BORDER bordercities{ name : name of cities
name
}
}

434



Design of Knowledge-based Spatial Querying System Using Labeled Property Graph and GraphQL

Table 6. Neo4j Instance statistics

# of nodes # of node types # of relationship  |# of relationship types
Neo4j Instance 533,918 9 63,126 4

3.4.2 GraphQL z| Zzt

2 Aol A= GraphQLAH R Apollos AR&3F3oH
Javascript 2to]H#2]2] @neo4j/introspector ©]-8-5}0]
GraphQL 2:7]0} kel AAJsSich. 471 spolze}slol
EEF o5 2Is7] 913 Neodj glofEjHjo] 2o TEstal

252 SRS Table 7). 417 27 2 1704 Aol
7}2] 27+ 7191=2] IN, BORDER, NEAR®]| 3} GraphQL
WA F 4472 z0) Fele A POL B 7] o)Fol
Al vrehE-L shelstit ohik QGIS Y] Intersects TF4=
£ Apgsto] 212 21 4oIT BORDER 27} 222 7
Aol A B2 28 Selst 5 oA o & Sol Al el
3 EAIE 235 2 Qb Sj9bA} MRl oot
% Fig. 8.3} o] A129] Bolup HAle] )T 5 Sk
U 3394 A] Q) 37} City 2 A2lE]o] 9lo] Fr e 2] 333

A SATAS LhehlA] 2o AAZ WO GIS Fe
Fig. 7. Neo4j instance 2] Axfol i3k S-FA AARLL AL 0] HjES} S glo]

_L4

Table 7. GraphQL query examples and results

Query Example Result
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