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Proposal of Knowledge Graph and Completion Method for Solving Social Issues: An

Attempt to Improve the Bicycle Parking Environment in the University

Yuto Tsukagoshi*a), Non-member, Takahiro Kawamura™, Non-member, Yuichi Sei*, Non-member,

Yasuyuki Tahara*, Non-member, Akihiko Ohsuga*, Member

(20194E 10 A 29 H %A+, 20204E5 A 15 HHEZAT)

Societies in Japan face many social issues today. To address these issues, the government is exploring ways to solve

problems using data. The purpose of this study is to provide support using existing data for grasping the current situa-

tion, taking up the problem of bicycle parking environment in a university as an example of social issues. Specifically,

we tried to design a unique schema and build knowledge graph for integration of various on-campus data. Then we

applied and modified the knowledge graph completion methods to improve efficiency and accuracy. For the knowledge

graph constructed in this study, the number of bicycles was estimated by the conventional method and the proposed

method, and the transition of the sum of absolute value errors was compared. The proposed method exceeded the

existing method in efficiency and accuracy. In addition, approximately 650 data aggregated at any date and place were

able to be estimated about 54 units correctly, compared to the conventional method. Finally, we improved efficiency

and accuracy of knowledge graph completion methods.
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Fig. 1. Bicycle parking lots in the university
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Table 1.

Data and citation sources

Data

Citation Source

Parking areas and the number of bicycles
Course titles, and classrooms

Seating capacity in every room

Names of rooms in every building

Event titles and venues

Temperature and precipitation

Latitude and longitude of every place

Time, e.g., fiscal year, semester, month, day, date, time zone, etc.

Sources listed below

Student group materials (not open to the public)

Education Affairs Division web page'

Education Affairs Division materials (not open to the public)
Facilities section materials (not open to the public)
University website event calendar?

Japan Meteorological Agency website

Google Maps*

! http://kyoumu.office.uec.ac.jp/timet/
2 https://www.uec.ac.jp/event/

3 https://www.data.jma.go.jp/obd/stats/etrn/select/prefecture00

4 https://www.google.co.jp/maps

\

(a) TransE

(b) TransH

(19)

Fig.2. Overview of TransE and TransH
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Table 2. Prefix and URI for each name space

Prefix | URI

aiiso: | http://purl.org/vocab/aiiso/schema#

event: | http://purl.org/NET/c4dm/event.owl#

geo: | http://www.w3.0rg/2003/01/geo/wgs84 pos#

gn: http://www.geonames.org/ontology#

ipb: http://www.ohsuga.is.uec.ac.jp/bicycle/resource

ipbv: | http://www.ohsuga.is.uec.ac.jp/ipblod/vocabulary#

owl: http://www.w3.0rg/2002/07/owl#

rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#

rdfs: | http://www.w3.0rg/2000/01/rdf-schema#

time: | http://www.w3.0rg/2006/time#

teach: | http://linkedscience.org/teach/ns#

wo: http://www.auto.tuwien.ac.at/downloads/thinkhome/
ontology/WeatherOntology.owl
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Virtuoso SPARQL Query Editor

Default Data Set Name (Graph IRI)

Query Text

PREFIX event: <http://purl.org/NET/cAdm/event .owl#>
PREFIX rdf: <http://www.w3.org/1989/02/22-rdf -syntax-ns>
PREFIX 2n: <http://www.gzeonames.orz/ontologyl>

SELECT *
FRgg;http://ww.nhsuga.Iab.uec.ac-jp/campus_2l]l?>
§http://www-ohsuga.lab.uec.ac.jp/UEC_hui Iding_100> ?p 70

(Security restrictions of this server do not aliow you to retrieve remote RDF data, see details.)
Results Format: M

Execution timeout:
Options:

¥ Strict checking of void variables

(The resuit can only be sent back to browser, not saved on the server, see details]

Run Query MeReset
Execute button

l:| milliseconds (values less than 1000 are ignored)

The schema for campus issues

| Variable ?p : All properties connected to the given subject

[ °
[http://w r9/1999/02/22-rdf-synta wi r9/2003/01 o hing|
[http://www.w3.0rg/2000/01/rdf-: 'VECTSA 7> A5 —"@ja

http: 3.0rg/2003/01/geo/wgs84 pos#lat |'35.656164"

|htto://www.w3.0r9/2003/01/ge0/gs84 pos#Long|"139.540379"

/

Variable ?o : All entities following each property

Fig.4. The endpoint and answers to the query
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Bicycle parking lot URI Surrounding

population

669

http://www.ohsuga.lab.uec.ac.jp/_bike num 2017 4 100 pA

812

http://www.ohsuga.lab.uec.ac.jp/_bike_num 2017 4_100_pCOB 82

http://www.ohsuga.lab.uec.ac.jp/_bike num 2017 4 100 pCOF 294

http://www.ohsuga.lab.uec.ac.jp/_bike num 2017 4 100 pE2NA

82

82

http://www.ohsuga.lab.uec.ac.jp/_bike num 2017 4 100 pA

The number The number of lectures
of bicycles held in the morning

169

Bicycle parking lot URT

83

http://www.ohsuga.lab.uec.ac.jp/_bike_num 2017_4_100_pCOB - 2
http://www.ohsuga.lab.uec.ac.jp/_bike num 2017 4 100 pCOF 0 3

http://www.ohsuga.lab.uec.ac.jp/_bike num 2017 4 100 pE2NA

Fig.5. Example of data extracted using SPARQL query
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Table 3. Estimation accuracy of existing method with
campus knowledge graph
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Table 4. Number estimation accuracy of the existing method and the proposed method

Sum of the absolute value error

Method Minimum Maximum 1,000 epoch 5,000 epoch 10,000 epoch 15,000 epoch 20,000 epoch
Existing method 37237 37430 37325 37269.8 37279 37289.6 37302.2
Proposed method 37239 37285 37283 37249.8 37245.7 37247.33 37247.7

Evaluation value difference -2 145 42 20 333 42.27 54.5
#% The difference between the evaluation values is positive when the proposed method outperformes the existing one.
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Fig.9. Transition of number estimation accuracy by learning of existing method and proposed method
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