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For data-driven decision making, it is essential to build a data infrastructure that stores various data. Since various

data are accumulated within organizations such as universities, companies, and local governments, integration of data

in different contexts and cross-sectional analysis are issues. Knowledge graphs with a graphical structure that can flexi-

bly change the schema are suitable for integrating heterogeneous data. In this study, we focused on a university campus

as an example and proposed an ontology for various data such as lectures, buildings, purchasing, bicycle parking, and

energy consumption. In particular, it has become easier to extract data across heterogeneous data collected within an

organization by semantically linking dimensions with various expressions. Then, the collected unstructured data was

accumulated as a knowledge graph based on the ontology, and the data infrastructure was constructed. In addition, we

found several correlations through scenario-based experiment using this knowledge graph and showed the possibility

that it could be applied to considering approach for university managemsent and improving the campus environment.
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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 interval, 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*

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

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

4 https://www.google.co.jp/maps
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PREFIX base:<http://www.ohsuga.lab.uec.ac.jp/>
PREFIX bldg: <http://www.ohsuga.lab.uec.ac.jp/UEC_building_>

SELECT DISTINCT (?b AS ?parkingLot) (?bWKT AS ?coordinates)
FROM base:campus

WHERE {

?a a co:FlowLine;

co:from ?Alabel;

geo:asWKT ?aWKT.

?b geo:hasGeometry ?bGeom;
a co:Parking.
?bGeom geo:asWKT ?bWKT.

bldg:coop geo:hasGeometry ?cGeom.
?cGeom geo:asWKT ?cWKT.

FILTER(?Alabel IN(bldg:A, bldg:B, bldg:oldC, bldg:newC, bldg:E3, bldg:E4, bldg:W5)).
FILTER (bif:st_may_i |ntersect (7aWKT ?bWKT 0.0001) && |sameTerm(’a ?b)).
FILTER regex(str(?bWKT),"POINT").
FILTER(bif:st_may_intersect (?bWKT, ?2cWKT, 0.0001)).}

Fig. 14. Query to acquire bicycle parking lots that are

on the flow line from the main building to coop and is

close to coop

Parking lot URI Coordinates

base:pA “POINT(139.543918 35.656768)”
AMyirtrdf: Geometry

base:pCOF “POINT(139.543752 35.657261)”
AMyirtrdf: Geometry

base:pE2S “POINT(139.543172 35.657313)”
AMyirtrdf: Geometry

base:pCOB “POINT(139.543392 35.657256)”
Myirtrdf: Geometry

base:pHIS “POINT(139.543135 35.657239)”
AMyirtrdf: Geometry

PREFIX base:<http://www.ohsuga.lab.uec.ac.jp/>
PREFIX virtrdf:<http://www.openlinksw.com/schemas/virtrdf#>

Fig.15. Query execution results
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SELECT ?place ?month (AVG(?num) AS ?AvgNumOfBicycles)

FROM base:campus

WHERE

{ ?parkedBicycle rdf:type co:ParkedBicycle;

co:numberOfBicycles ?num;

co:observedBy/Time:monthOfYear ?month;

event:place ?place.

FILTER(?place IN (base:pA, base:pHIS, base:pE2N, base:pE2S)).

}GROUP BY ?place ?month
Fig.16. Query to acquire the average number of bicy-
cles parked each month for each four permanent bicycle

parking lots

Table 2. Correlations between the number of bicycles in
each parking lot and sales in cafeteria and lunch box sales
for every months

Sales in cafeteria Lunch box sales

base:pA 0.701 (0.035) 0.825 (0.006)

:5: base:pHIS | 0.715 (0.030) 0.823 (0.006)

‘g base:pE2N | -0.342 (0.368) -0.525 (0.147)

base:pE2S | -0.023 (0.953) 0.137 (0.725)
(p-value)

The boldface is p < 0.05
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Fig. 17. Coeflicient of variation of each parking lots
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Parking lot URI Coordinates
base:pA “POINT(139.543918 35.656768)”
Mvirtrdf: Geometry
base:pHIS “POINT(139.543135 35.657239)”
Myvirtrdf: Geometry

PREFIX base:<http://www.ohsuga.lab.uec.ac.jp/>
PREFIX virtrdf:<http://www.openlinksw.com/schemas/virtrdf#>

Fig. 18. Query execution result

BrzbreE27 LD, G-5EHTFORML T
72 SEMTA @ Bicycle Parking Types ® 454 % Fig. 14 7
IVICHEBEE LTERL, v 7 %8 VEREOAD
%47 7% > 720 MR, Fig. 14 D27 Y % FitD L) 12
BHIT LI LWL oTT R o7,

a co:Parking. — a base:UnshelteredCorral.

COfER% Fig 18 [T T v 7 &R VW ERRY; O A
I L 7255412, Table2 @, FE L FELRMBEL D2
BRSO AL SN D T L3 b o7z,

Fig. 17 B X O Fig. 18 & ), #FMOFMELIT» L HEEF
TOEMHEIZHY, PORENSHERESTL, 2OT vy
A AEDEBRO R VB REHS, AEOTE L&Y
e e R EZROZ E2b 572,

B, ZOMBBRIIERBERTET O OTIIRNWI L
IERE SN, &1, ZoMBBEREZSZICRRED LN
HEHS 22T, ERHOT LTRSS 058 g
IVESHBDEEZOND, TIUIE ST, REEHEIC
LA MNEREEFE, FIIEEOM EICERKTE 5 L%
ZbNb,

(5-2) FEL:H3EHEHE, ThrBBAIShZ 18
REZEOEDZMOENERE CHEEI H 5 D

(5:2:1) I VL 2EHOHE %9, WAIEAE
D7 IVALEITH . F ¥V SANOBENERAEL, Fv /38
AFVRHEDITENRERNT 5 L E 25 &, ANRIGERT 5 H
CELAR S, BRI OB E ) L BE A FEO T RE
WD be FRFEDELEHERDTOITRIKT L L0
RS, BHEL CMHT 203 E&EMERTH Y, B
A% {AThb N2 DILHERMGR CTh D, ZOT E»HIR
WZBEEDEIE T A3 E, ZIUIEEORRICE T 2 B
BEMEE, FN2EBH S N RO R OEER O JE LY o
BIHEIZEEZ ObND, 2T, SPARQL % % vy THE
WRipoEmais, To—RREOEIFHE & OBRME
ZAA L 720 1-5 BEBR OB RRIE 0D 25 BE R 3 O V3 G JufiE %
BE9 527 1) % Fig. 1912, ZOEREO—H% Fig.20 12
K. £72, Z0 1 BERIZICH 725 2-6 BER OB RIED &
B OEIIMEERITT 57 ) % Fig. 21 12, #RO—H%
Fig. 22 IR T SNHDFERED, #H 30 5 HALTIE
SNZEBNHHAELY, BEROZESMEZHERL 2035 <
RR” &) BACTHIL L, RO RMAKRITO BAL THi
WURETH A T L BERE L7z T /- I L oRi %R %
EZRLCHREZIMLTTRETH L 2 L 2R L7z B
TWa Y7y OREIRY Th DY, FERZIRITO

1230

PREFIX base: <http://www.ohsuga.lab.uec.ac.jp/>

SELECT ?classPeriod ?place (AVG(?num) AS ?AvgNumOfBicycles)
FROM base:campus

WHERE

{ ?parkedBicycle co:numberOfBicycles ?num;

co:observedBy / co:period ?classPeriod;

event:place ?place.

}GROUP BY ?classPeriod ?place

ORDER BY ?classPeriod

Fig. 19. Query to acquire the average value of the num-
ber of bicycles for each bicycle parking lot every class
period

Class Period URI Place URI Average number
of bicycles
base:classPeriod_1 base:pA 118.372881355932203
base:classPeriod_1 base:pWs 24.89830508475763
base:classPeriod_1 base:pE45 102.745762711864407
base:classPeriod_1 base:pE2S 23.423728813559322
base:classPeriod_1 base:pHIS 15.152542372881356

PREFIX base:<http://www.ohsuga.lab.uec.ac.jp/>

Fig.20. Query execution results

SELECT ?classPeriod2 ?place2 (AVG(?usage) AS ?AvgPowerUsage)
FROM base:campus

WHERE{

{SELECT ?classPeriod ?place (AVG(?num) AS ?AvgNumOfBicycles)
WHERE

{ ?parkedBicycle co:numberOfBicycles ?num;

co:observedBy / co:period ?classPeriod;

event:place ?place.

}YGROUP BY ?classPeriod ?place

>

?classPeriod2 Time:intervalAfter ?classPeriod.
?classPeriod2 ?p ?interval30m.
FILTER(?p IN(Time:intervalContains, Time:interavlOverlappedBy)).

?powerUsage rdf:type co:PowerUsage;
event:place ?place2;

co:usage ?usage;

co:hasTime ?interval30m.

}YGROUP BY ?classPeriod2 ?place2

ORDER BY ?classPeriod2
Fig.21. Query to aquire the average value of power us-
age for each building after one class period from the pre-
vious query

Class Period URI Place URI Average number of Power

Consumption

base:classPeriod_2 base:UEC_building W6 12.567767123287671

base:classPeriod 2 base:UEC_building_coop 68.896972602739726

base:classPeriod_2 base:UEC_building_ W3 15.103835616438356

base:classPeriod_2 base:UEC_building E1 26.400315068493151

base:classPeriod_2 base:UEC_building W11 18.623301369863014

PREFIX basc:<http://www.ohsuga.lab.uec.ac.jp/>

Fig.22. Query execution results
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Table 3.
sumption in 2-6 class period in each building

Correlations between the number of bicycles in 1-5 class period in each parking lot and power con-

The nearest building
Bldg. A Bldg. B Bldg. E4 Bldg. E6 Bldg. W5 Whole area
base:pA 0.855 (0.065) 0.940 (0.018) 0.893 (0.041) 0.953 (0.012) 0.913 (0.030)
o | base:pB 0.946 (0.015)  0.950 (0.013) 0.728 (0.164) 0.935 (0.020) 0.781 (0.119)
‘;_ base:pE45 | 0.677 (0.209) 0.841 (0.074) 0.983 (0.003) 0.887 (0.045) 0.964 (0.008)
& base:pW5 | 0.845(0.072) 0.949 (0.014) 0.757 (0.139) 0.951 (0.013) 0.812 (0.095)
Whole area 0.974 (0.005)

(p-value)
The boldface is p < 0.05
Parking lot East4-5 is surrounded by building E4, ES, E6.

Table 4. Difference in searchability compared to when
dimensions are not interconnected

by MR e (Searchability)
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5. RERRAE, BRGS0 B H % (Average num- | Fig. 19 O O
ber of bicycles parked each class period at each parking
lot)
6.5 O 1 KMo, By, BYmoEIEHR | Fig 21 X O
(Power consumption each class period at each building
in 1 class period after 5)
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