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[Abstract]

The pattern query in graph database has advantages of easy query expression and high query
processing performance compared to relational database SQL. However, unlike the relational database,
the graph database may not utilize the advantages of pattern query depending on modeling because the
methodology for building the logical data model is not defined. In this study, in the is-a node modeling
method that appears during the graph modeling process, we experiment that there is a difference in
performance between graph pattern query when designing with a generalization model and designing
with a specialization model. As a result of the experiment, it was shown that better performance can
be obtained when the is-a node is designed as a specialization model. In addition, when writing a
pattern query, we show that if a variable is bound to a node or edge, performance may be better than
that of the variable of not bounded. The experimental results can be presented as an is-a node

modeling method for pattern query and a graph query writing method in the graph database.

» Key words: Graph Pattern Query, Is-a modeling, Cypher, Graph Database, SQL

(2 <]

0

T dolgHlo] 2ol A dRF = A dlolEfuo] A~ SQLI} wlawste] Hole] A% %,

WS wEU Aol HlIg Al
A%

a Mo

=2 Ao A g 7T 5 Jd= o] Ak 2y a2 X dolgHo]ae I dlolH
o] 29l de] =24 doly RES F5dh= WHEc] Ao o] A grol el uwe} s
Aolo] e &gax] Fat & up B Aye 2 2dd 3 5 UEhe isa == 2d
o WA dutel wdl2 dAT 9o} 5438 md2 AAS A9 2YZ sjede AF
ol 7} Qe AdE ATy A AT isa =T AAS E3 ndz A A4S o 53 A
TS 9S F IS HY & SR dedos AT o

= s 2

o]

7
ek is-a == AT g B g Ao A o AAE 5 Qv

[
=2
o)
B=)
ah)
i
o

 First Author: Uchang Park, Corresponding Author: Uchang Park
*Uchang Park (ucpark@duksung.ac.kr), Dept. of Computer Engineering, Duksung Women’s University
* Received: 2020. 02. 06, Revised: 2020. 04. 08, Accepted: 2020. 04. 17.

Copyright © 2020 The Korea Society of Computer and Information
http://www ksci.re.kr pISSN:1598-849X | eISSN:2383-9945



124  Journal of The Korea Society of Computer and Information

I. Introduction
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Fig. 1. ER diagram for LUBM schema
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III. Graph Pattern Query
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Table 1. 4 pattern query types and examples

Explanation

Cypher Query Example

Path filtering on node labels

1 MATCH (a:FullProfessor)--(b:Course)

RETURN count(*)

Path filtering on edge types

2 MATCH (a)-[:teacherOf]->(b)

RETURN count(*)

Path filtering on node labels and edge types
MATCH

Type

3 (a:FullProfessor)-[:teacherOf]->(b:Course)
RETURN count(*)
Cycles with path filtering on node labels and
edge types
MATCH

4 (a:FullProfessor)-[:teacherOf]->(b:Course)<-[:t

akesCourse]-(c:UndergraduateStudent)-[:advis
or]->

(d:FullProfessor)

WHERE a=d RETURN count(*)

IV. Pattern Query Performance

1. Performance Experiments

LUBM HiX|o}32= RDF(Resource Description
Framework) $IRJ0f22 AREE|D] Z2f cojE{yo] A
oe2 wgke 4 9ich EJAE dlojel: LUBM Hixa}
= 271 tifelg sA HlolEdo]AE A5t e Hlol
Bl w4(1,2427), 31A8(17,878%), J=H3,7287), 274
(49,30671)0]ct.

Aol BEof| 255 Q1~Q80] tiste] 271A] Tef=
2= why 5 16717] IEelE Bl Esioi) £l
Q5~Q8l tistoAl= SQL Ao) e 221 ¥heR
Y| walyith 2di2z2 SQL A5 EA5HK| 9= oS
o7t BASHAIY e 4] Qdot vl tifollA A2
soick Aol Ans ARIO] jarg A
7] 95t} SELECT count(x) 22 0| 83191, A5 &
A AI7re 58 o)A} £A5t0] 7Fs3st warm cachel15]
A £A4st A|7to] Lo &2 519ict Ald Ait= 7
22 O 49} 7t

Z5l+=

62

Table 2. Pattern query performance for each
model(ms)

Que Graph Graph SQL
Type styllt;y No ModZH ModZIZ Query
1 simple Q1 3 2 NA
complex Q2 4 3 NA
) simple Q3 3 2 NA
complex Q4 5 4 NA
3 simple Q5 3 2 10
complex Q6 5 3 10
4 simple Q7 20 12 8
complex Q8 33 15 12
Pattern query execution time(ms)
35
30 |

25
20
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al a2 a3 Qs as el a7
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Fig. 4. Pattern query execution performance graph
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S
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» NodeHash.Join
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» Eagerfggregation
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| » ProduceResults
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(a) Modell

» ModeBylabelScan

1.242 estimated rows
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373 estimated rows

37 estimated rows

211 estimated rows

21 estimated rows

280 estimated rows

3 estimated rows

» EagerAggregation
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P ProduceResults
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Result

(b) Model2

Fig. 5. Q7 query execution plan comparison
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Table 3. Q6 query execution performance for
node/edge bound(ms)

binding | Node without without
/Edge Node Edge
Model binding binding binding
Model 1 5 5 10
Model 2 4 4 8

2. Is-a Modeling Comparison
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Table 4. is-a modeling comparison between

model1 and model2

o]
Query Performance,
is-a 2l Parent/child node selection
Model 1 Low performance compared to Model 2

(Generalizati | Querying to child node by
on) selection

Model 2 Good Performance compared to Model 1
(Specializati | Querying to parent node by unbinding to
on) edge selection

property

V. Conclusions
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Appendix(£ &)

Cypher 31 SQL A2 - A9 &8¢ /M X (=¥, 549) X (221, 222) © (Q1~Q8)
(Q5~Q82 oA =20 tigt SQL A9 )

a

Q1 - W] Y 1 - Heg(BEZ0] 1), (22 HY1, 2° Y 2) 29
BAIL, i0=0)2F D40| (SO Vst ARHS HOI2L,

09

MATCH (a:Professor{name:'FullProfessorQ0'})--(b:Course{type:'Course'})
RETURN count(*)

MATCH (a:FullProfessor{name:'FullProfessor0'})--(b:Course)
RETURN count(*)

QZ ]1HE-|ZI_| F_I-OI 1 - I-a (751;20' 2)’ EE‘II F_I-OI'I EE‘II F_I-OI 2 Zl_l
DACS R4, 100 S DAt (bR AL e AR E otk

MATCH
(a:Professor{name:'FullProfessor0'})--(c:Student{type:'UndergraduateStudent'})--(d:Course{type:'Course'})
RETURN count(*)

MATCH (a:FullProfessor{name:'FullProfessor0'})--(b:UndergraduateStudent)--(c:Course)
RETURN count(*)

Q3 - WEUY Y 2 - HEFF2Z0| 2, , (29 BT, 2F £y 2) 49
AR 4, id=0)] YUY YHES St WSS HolRL

MATCH (a:Professor{name:'FullProfessor('})-[:teacherOf]->(b)<-[:takesCourse]-(c)
RETURN count(*)

MATCH (a:FullProfessor{name:'FullProfessorQ'})-[:teacherOf]->(b)<-[:takesCourse]-(c)
RETURN count(*)

0

Q4 - eI EfY 2 - SYBFELO[ 4), (2 EIYT, B By 2) 2
DACYES, 00| AHAE & o AE DLl WA Cf3te B2,

MATCH
(a:Professor{name:'FullProfessor0'})-[:teacherOf]->(b)<-[:takesCourse]-(c)-[:advisor]->(d)-[:doctoralDegreeF
rom]->(e)

RETURN count(*)

MATCH
(a:FullProfessor{name:'FullProfessorQ'})-[:teacherOf]->(b)<-[:takesCourse]-(c)-[:advisor]->(d)-[:doctoralDegr
eeFrom]->(e)

RETURN count(*

)
® - WSl 5y 3 Se¥32d0 ) B Sy B &Y 2 s 3
DDA, =002 ZH YHE & (HLEYES o2t

MATCH
(a:Professor{name:'FullProfessorQ'})-[:teacherOf]->(b:Course{type:'Course'})<-[:takesCourse]-(c:Student{type
‘UndergraduateStudent'})

RETURN count(*)

MATCH
(a:FullProfessor{name:'FullProfessorQ'})-[:teacherOf]->(b:Course)<-[:takesCourse]-(c:UndergraduateStudent)
RETURN count(*)

SELECT count(*) FROM teachers t, courses c, takescourse tk, students s
WHERE t.ttype=3 AND t.name like 'FullProfessor0’ AND t.id=c.teacherid AND c.ctype=0
AND c.id=tk.courseid AND tk.studid=s.id AND s.stype=0;

Q6 - IHEAZIO| EfQl 3 - E2F(ZAZ270| 4) (2 ErQIT, EE‘” Efel 2. SQL) 2o
DAHD4, id=0)9) 23St UEHE E& (BRSSO ()40l XS4 MABY Ciste Hofat

MATCH
(a:Professor{name:'FullProfessor0'})-[:teacherOf]->(b:Course{type:'Course'})<-[:takesCourse]-(c:Student{type
‘'UndergraduateStudent'})-[:advisor]->(d:Professor{type:'AssociateProfessor'})-[:mastersDegreeFrom]->(e:U
niversity)

RETURN count(*)

MATCH
(a:FullProfessor{name:'FullProfessorQ'})-[:teacherOf]->(b:Course)<-[:takesCourse]-(c:UndergraduateStudent)
-[:advisor]->(d:AssociateProfessor)-[:mastersDegreeFrom]->(e:University)

RETURN count(*)
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SELECT count(*) FROM teachers t, courses c, takescourse tk, students s, teachers tt, university u
WHERE t.ttype=3 AND t.name like 'FullProfessor0’ AND t.id=c.teacherid AND c.ctype=0

AND c.id=tk.courseid AND tk.studid=s.id AND s.stype=0 AND tt.ttype=2

AND s.advisorid=tt.id AND tt.docd=u.universityid;

Q7 - WEHO| B 4 - HRFR01Z, F2Z0| 3), (B Y1, 2F £ 2, SAL) Ao
(8H2)3HA0] Athlol Y EDAHILA)TE Zolste FHE S& (BHR)5HS Ho2},

MATCH
(a:Student{type:'UndergraduateStudent'})-[:takesCourse]->(b:Course{type:'Course'})<-[:teacherOf]-(c:Profess
or{type:'FullProfessor'})<-[:advisor]-(d:Student{type:'UndergraduateStudent'})

WHERE a=d

RETURN count(*)

MATCH
(a:UndergraduateStudent)-[:takesCourse]->(b:Course)<-[:teacherOf]-(c:FullProfessor)<-[:advisor]-(d:Undergr
aduateStudent)

WHERE a=d

RETURN count(*)

SELECT count(*) FROM students s, teachers t, courses c, takescourse tk, students ss
WHERE s.stype=0 AND s.advisorid=t.id AND t.ttype=3 AND t.id=c.teacherid AND c.ctype=0
AND c.id=tk.courseid AND tk.studid=ss.id AND ss.stype=0 AND s.id=ss.id:

Q8 - HEHUS| B 4 - SUF(AO|Z, F2H0| 5), (2= EfY1, 22 HY 2, SaL) 29
A9 =5 SAHAL Ba(Fi)0 YOS s¢stes OistE/dS Horat

MATCH
(a:Student{type:'GraduateStudent'})<-[:publicationAuthorl-(b:Publication)-[:publicationAuthor]->(c:Professor{t
ype:'FullProfessor'})-[:teacherOf]->(d:Course{type:'GraduateCourse'})<-[:takesCourse]-(e:Student{type:'Gradu
ateStudent'})

WHERE a=e
RETURN count(x*)
MATCH

(a:GraduateStudent)<-[:publicationAuthor]-(b:Publication)-[:publicationAuthor]->(c:FullProfessor)-[:teacherOf
] ->(d:GraduateCourse)<-[:takesCourse]-(e:GraduateStudent)

WHERE a=e

RETURN count(*)

SELECT count(*) FROM students s1, publicationauthor pa, teachers t,
courses c, takescourse tc, students s2

WHERE s1.stype=1
AND s1.id=pa.authorid2 AND pa.authortype2=-1 AND pa.authortype=t.ttype
AND pa.authorid=t.id AND t.ttype=3 AND t.id=c.teacherid AND c.ctype=1
AND c.id=tc.courseid AND tc.studid=s2.id AND s2.stype=1
AND s1.id=s2.id;
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