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Abstract

It is very difficult to build a separate graph database application for graph pattern query that uses data stored in
relational DBMS. To overcome these difficulties, in this paper, we discuss graph pattern query processing methods
and performance using SQL on relational DBMS. First, for the graph pattern queries, we show example solutions for
SQL Graph query of SQL Server and SQL query of Oracle DBMS, and also for Cypher of Neo4j graph oriented
DBMS. Second, we compare query processing speed of each example solutions and also compare for ease of query
programming, maturity and flexibility. In the experiment, we find that SQL Graph of SQL Server is more better in
query processing speed than Cypher of Neodj for those queries that nodes and edges are not bounded, but Cypher of
Neodj is better in the other cases. Other than the query processing speed, SQL graph query has advantages in
utilizing maturities and supports of relational database.
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(1) Neodj HoJE A4

LUBM HIX|u}= E|o]E}= GraphML Ho|E 2]
S 2 "M Neodj®] Import TTE ©]83t] AA)
sttt AA AAA T E HolHY k&, oA
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BFYS 127], =& S 3833470 oA BFYS 1270,
oA G 113464740t}

E 1, J22i= dolgf WY
Table 1. Graph data contents

Edge type starting from

Node Tye | n node(number of edges)

University 1,000
Department 34 | subOrganizationOf (552)

Full Professor | 289 | doctoralDegreeFrom (1,242)
mastersDegreeFrom (1,242)

éssomate 410 | undergraduateDegreefFrom (5,561)

rofessor

Assisan worksFor (1,242)

Professor 333 | teacherOf (3,728)
headOf (34)

Lecturer 210" | puplicationAuthor (24,689)

Undergraduate 13550 memberOf (17,878)

Student ™ | takesCourse (49,305)

Graduate 4319 advisor (7,044)

Student teachingAssistantOf (947)

Course 1,889

GraduateCourse 1,839

ResearchGroup | 518

Publication 13934
Total 38,334

113,464

[ » ModeByLabeiScan

280 estimmated rows

» Expand(All)

8,518 estimated rows

2,058 estimated rows

¢ EagerAggregation

45 estimated rows

P ProduceResults

45 estimated rows

Reszult

a2l 3. Neodj MalHE of
Fig. 3. Neodj example execution plan

Neo4j®] Cypher= MATCH &4 T 72
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g o8 5o wgd AHE e A5 Aoe
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A&

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

RETURN count(*)

(2) SQL Server& H|o]E A

LUBM GraphML F4{¢] Ho|EH=2 HFE SQL
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CREATE TABLE departments (
departmentid smallint NOT NULL,
universityid smallint NOT NULL) AS NODE;
oAlA] HlolE B4} A= ngot se| 2 #
AE Y= worksFore Thedt 22 A= A
AE
CREATE TABLE worksFor AS EDGE;

et 2
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A wloleHlol2 Al A} Tk ARk WY
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Lecturer 4714 == A HolEH o] A&
Teacher EH|O]EZ F3HCE Teacher ElO]E] ttype
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GraphML EH|o]HZHE DML A2 £ =7
A} Python ZZI1# 07 25tk

1% 4% SQL Graph &0 AAH 27|n} 7%
£ Yehdth



Journal of KIIT. Vol. 17, No. 4, pp. 9-20, Apr. 30, 2019. pISSN 1598-8619, elSSN 2093-7571 13

RESEARCHGROUPS UNIVERSITY
ID
DEPID
=ah UNIVERSITYID
Jhoatiie STUDENTS E
G - DEPID TAKESCOURSE
PUBLICATIONS UNID pERI
TTYFE e (8
N DEPARTMENTS STYRE
DEPID e DEFARTMENTID L2 pERED
LIMID H Tickd, UMNIVERSITYID NARE =
PUBLICATIONID HBLEED DEGREEUNIID STJOT A
GLEL BT MASTEFD By STUDID
LT DOCD - i COURSETVEE
EMAIL T o COURSEID
PA EHENE ADVISORID x
RESEARCH HEADS :
DEPID
DEFID UNID
UNIIC PROFTYPE COAUTHORS
STUDID PROFID
A
DEFID
UNID
DEFID COURSES PUBLICATIONID
UNID UTHORTYPE
STUDID e AUTHORID
COURSETYPE i 1
COURSEID o |
TEACHERID

TEACHERTYFE

a8l 4. SQL Graph& 27|o}
Fig. 4. Schema for SQL graph
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(Inner Join)
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Fig. 5. Example execution plan of SQL graph
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g F7lste] ARE3ITE MATCH #& Neodj<]
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o] 43 A¥L Hash Match 4HS ARS-gHY,

SELECT count(*)

FROM teachers t, teacherof, courses ¢

WHERE MATCH(t-(teacherof)->c)

AND t.ttype=3 AND c.ctype=0;
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SQLZ oA sigH= axtHolEolY AH7E
HEEA] HEZE A7 ok itk
(Q 1: ©<=%) A 4(FullProfessor) 2] 75 2ol
= ZoE Tste.

(Cypher)
MATCH (a:FullProfessor)--(b:Course)
RETURN count(*)

(SQL Graph)

SELECT count(*)

FROM teachers t, teacherof, courses ¢

WHERE MATCH(t-(teacherof)->c)

AND t.ttype=3 AND c.ctype=0;
(SQL)
SELECT count(*)
FROM teachers t, courses ¢

5o rff

ok rir

WHERE t.uniid=c.uniid AND t.depid=c.depid
AND t.id=c.teacherid AND t.ttype=c.teachertype
AND t.ttype=3 c.ctype=0;

SQL &9 4% EI7IE AHgalr] bl A
o7 AojAle BRI AR dE &
Teacher Ho|£4] 7]+ (W3, tapis, wgH
3, UFEFY)CZ (uniid, deptid, teacherid, ttype)’}
gy 270 YA Qx5 o J|HIZ A
Aok Aoyt b3} o] Itds i

SELECT count(*)

FROM teachers t, courses ¢

WHERE t.id=c.teacherid,

T LUBM WX u}3e] wXof 7]87)7} §lo
oz B QR golE WA EEE 1u)
2 ARSI

Q 2 5%%) B
&80, she) 4
o2t
(Cypher)
MATCH (b:FullProfessor)--(c:Department)
--(d:UndergraduateStudent)--(e:Course)
RETURN count(*)
(SQL Graph)
SELECT count(*)
FROM teachers t, worksfor, departments d,
memberof, students s, takescourse, courses ¢
WHERE
MATCH (t-(worksfor)->d<-(memberof)-s
-(takescourse)->¢)
AND t.ttype=3 AND s.stype=0 AND c.ctype=0;
(SQL)
SELECT count(*)
FROM university u, teachers t, departments d,
students s, takescourse tc, courses ¢
WHERE u.universityid=t.uniid
AND t.uniid=d.universityid
AND t.depid=d.departmentid
AND d.universityid=s.uniid
AND d.departmentid=s.depid

~(FullProfessor)®] &3}, 3t}
e Bople AolE 7o
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AND s.uniid=tc.uniid AND s.depid=tc.depid
AND s.stype=tc.studtype AND s.id=tc.studid
AND tc.uniid=c.uniid AND tc.depid=c.depid
AND ftc.coursetype=c.ctype AND tc.courseid=c.id
AND t.ttype=3 AND s.stype=0 AND c.ctype=0;

Q) HE Ho Y 2 oA #HolERE AHE E
B I oA HolEE FHYsE HYE x
Sl AR FA % Aot & g xCE
Ao HE A71A] ¢4 Aotk SQL Graphtt
SQL2 kBl dEH= Holwe WEA HhEE
AlAoF T,

Q 3: ©<c%) wro A e = A
£& HYek
(Cypher)
MATCH (a)-[:teacherOf]->(b)<-[:takesCourse]-(c)
RETURN count(¥*)
(SQL Graph)
SELECT count(*)
FROM teachers t, teacherof, courses c,
takescourse, students s

WHERE MATCH (t-(teacherOf)->c<-(takescourse)-s);
(SQL)

SELECT count(*)

FROM teachers t, courses c,

¢

rlr 52 1l

A
5

takescourse tc, students s
WHERE t.uniid=c.uniid AND t.depid=c.depid
AND t.id=c.teacherid AND t.ttype=c.teachertype
AND c.uniid=tc.uniid AND c.depid=tc.depid
AND c.id=tc.courseid AND c.ctype=tc.coursetype
AND tc.uniid=s.uniid AND tc.depid=s.depid
AND te.studid=s.id AND tc.studtype=s.stype;

Q4 HY D5l AT EC 49l AT
o 4Aste) ot 2o s uhx

Hoje,

(Cypher)

MATCH (a)-[:teacherOf]->(b)<-[:takesCourse]-(c)
-[:advisor]->(d)-[:mastersDegreeFrom]->(e)
<-[:doctoralDegreeFrom]-(f)

RETURN count(*)

(SQL Graph)

SELECT count(*)

FROM teachers t, teacherof, courses c, takescourse,
students s, advisor, teachers tt,
mastersDegreeFrom, university u,
doctoralDegreeFrom, teachers ttt

WHERE

MATCH (t-(teacherof)->c<-(takesCourse)-s
-(advisor)->tt-(mastersDegreeFrom)->u
<-(doctoralDegreeFrom)-ttt);

(SQL)

SELECT count(*)

FROM teachers t, courses ¢, takescourse tc,
students s, teachers tt, university u,
teachers  ttt

WHERE t.uniid=c.uniid AND t.depid=c.depid

AND t.ttype=c.teachertype AND t.id=c.teacherid
AND c.uniid=tc.uniid AND c.depid=tc.depid
AND c.ctype=tc.coursetype AND c.id=tc.courseid
AND tc.uniid=s.uniid AND tc.depid=s.depid
AND tc.studtype=s.stype AND tc.studid=s.id
AND s.uniid=tt.uniid AND s.depid=tt.depid
AND s.advisortype=tt.ttype AND s.advisorid=tt.id
AND tt.masterD=u.universityid

AND ttt.docD=u.universityid;

G) He Ao Bl 3: LE/oA HolEE AR

Y ;. 2YE =t 9 o)z golEE FEYs}
S CLEA

@Q 5 9¥) Fusre) st JE B e
BES Beje)

(Cypher)

MATCH (a:FullProfessor)-[:teacherOf]->(b:Course)
<-[:takesCourse]-(c:UndergraduateStudent)
RETURN count(*)
(SQL Graph)
SELECT count(*)
FROM teachers t, teacherof, courses c,
takescourse, students s
WHERE MATCH (t-(teacherOf)->c<-(takescourse)-s)
AND t.ttype=3 AND c.ctype=0 AND s.stype=0;
(SQL)
SELECT count(*)
FROM teachers t, courses c,
takescourse tc, students s
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WHERE t.uniid=c.uniid AND t.depid=c.depid
AND t.id=c.teacherid AND t.ttype=c.teachertype
AND c.uniid=tc.uniid AND c.depid=tc.depid
AND c.id=tc.courseid AND c.ctype=tc.coursetype
AND tc.uniid=s.uniid AND tc.depid=s.depid
AND te.studid=s.id AND tc.studtype=s.stype
AND t.ttype=3 AND c.ctype=0 AND s.stype=0;

i

Q 6 H%) Hue Aot 4HE == 9
BT Fasel A=aFY HASY e
Hojel
(Cypher)

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

RETURN count(¥*)

(SQL Graph)

SELECT count(*)

FROM teachers t, teacherof, courses c, takescourse,
students s, advisor, teachers tt,
mastersDegreeFrom, university u

WHERE

MATCH (t-(teacherOf)->c<-(takescourse)-s-
(advisor)->tt-(mastersDegreeFrom)->u)
AND t.ttype=3 AND c.ctype=0 AND s.stype=0
AND tt.ttype=2;
(SQL)

SELECT count(*)

FROM teachers t, courses ¢, takescourse tc,
students s, teachers tt, university u

WHERE t.uniid=c.uniid AND t.depid=c.depid

AND t.ttype=c.teachertype AND t.id=c.teacherid
AND c.uniid=tc.uniid AND c.depid=tc.depid
AND c.ctype=tc.coursetype AND c.id=tc.courseid
AND tc.uniid=s.uniid AND tc.depid=s.depid
AND tc.studtype=s.stype AND tc.studid=s.id
AND s.uniid=tt.uniid AND s.depid=tt.depid
AND s.advisortype=tt.ttype AND s.advisorid=tt.id
AND tt.masterD=u.universityid

AND t.ttype=3 AND c.ctype=0 AND s.stype=0
AND tt.ttype=2;

@ HE 2o B 4 =59 AolF
Q 7: @®) R AxuT T Burd o
ok Aulo] £&53 #AE Fofe
(Cypher)
MATCH (a:UndergraduateStudent)--(b:FullProfessor)
--(c:Department)--(a)
RETURN count(*)
(SQL Graph)
SELECT count(*)
FROM students s, advisor, teachers t,
worksfor, departments d, memberof
WHERE MATCH(s-(advisor)->t-(worksfor)->d
<-(memberof)-s)
AND s.stype=0 AND t.ttype=3;
(SQL)
SELECT count(*)
FROM students s, teachers t, departments d
WHERE s.uniid=t.uniid AND s.depid=t.depid
AND s.advisorid=t.id AND s.advisortype=t.ttype
AND t.uniid=d.universityid
AND t.depid=d.departmentid
AND d.universityid=s.uniid
AND d.departmentid=s.depid
AND t.ttype=3 AND s.stype=0;

MATCH (a:UndergraduateStudent)--(b: Course)
--(c:AssociateProfessor)
--(d:UndergraduateStudent)

--(e:Course) --(f:AssistantProfessor)--(a)

WHERE b <> e AND a < d

RETURN count(*)

(SQL Graph)

SELECT count(*)

FROM students s, takescourse tc, courses c,
teacherof tol, teachers t, advisor a,
students ss, takescourse tcc, courses cc,
teacherof to2, teachers tt, advisor aa

WHERE
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MATCH (s-(tc)->c<-(tol)-t
<-(a)-ss~(tcc)->ce<-(to2)-tt<-(aa)-s)
AND s.stype=0 AND c.ctype=0
AND t.ttype=2 AND ss.stype=0
AND cc.ctype=0 AND ftt.ttype=1
AND NOT (c.uniid=cc.uniid
AND c.depid=cc.depid
AND c.ctype=cc.ctype AND c.id=cc.id)
AND NOT (s.uniid=ss.uniid
AND s.depid=ss.depid
AND s.stype=ss.stype AND s.id=ss.id);
(SQL)
SELECT count(*)
FROM students s, takescourse tc,courses c,
teachers t, students ss, takescourse tcc,
courses cc, teachers tt
WHERE s.uniid=tc.uniid AND s.depid=tc.depid
AND s.stype=tc.studtype AND s.id=tc.studid
AND tc.uniid=c.uniid AND tc.depid=c.depid
AND tc.coursetype=c.ctype AND tc.courseid=c.id
AND c.uniid=t.uniid AND c.depid=t.depid
AND c.teachertype=t.ttype AND c.teacherid=t.id
AND t.uniid=ss.uniid AND t.depid=ss.depid
AND t.ttype=ss.advisortype AND t.id=ss.advisorid
AND ss.uniid=tcc.uniid AND ss.depid=tcc.depid
AND ss.stype=tcc.studtype AND ss.id=tcc.studid
AND tcc.uniid=cc.uniid AND tcc.depid=cc.depid
AND tcc.coursetype=cc.ctype AND tcc.courseid=cc.id
AND cc.uniid=tt.uniid AND cc.depid=tt.depid
AND cc.teachertype=tt.ttype AND cc.teacherid=tt.id
AND tt.uniid=s.uniid AND tt.depid=s.depid
AND tt.ttype=s.advisortype AND tt.id=s.advisorid
AND NOT ((c.uniid = cc.uniid)
AND (c.depid = cc.depid)
AND (c.teachertype = cc.teachertype)
AND (c.teacherid = cc.teacherid))
AND NOT ((s.uniid = ss.uniid)
AND (s.depid = ss.depid)
AND (s.stype = ss.stype) AND (s.id = ss.id))
AND s.stype=0 AND c.ctype=0
AND t.ttype=2 AND ss.stype=0
AND cc.ctype=0 AND ftt.ttype=1;
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