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Abstract Recently, there has been a lot of research about SPARQL query processing using
MapReduce, a parallel distributed framework. To process a SPARQL query on MapReduce, in general,
several MapReduce jobs are required, and these jobs cause additional costs. Therefore, most research
has been focused on reducing the number of MapReduce jobs. In this paper, we propose to hybridize
two different techniques to reduce the number of MapReduce jobs for processing SPARQL queries.
The techniques we hybridize are the non-conflicting join and the duplication-based multi-way joins.
The non—conflicting join can process independent joins in one MapReduce job, and the multi-way joins
can join many join keys at once by duplicating data. Also, we present a greedy algorithm to solve the
triple pattern grouping problem which occurs when hybridizing two techniques. We demonstrate that
our framework can reduce MapRedcue jobs, and performs better than the previous approaches, through
experiments on the large RDF data.

Key words : MapReduce, SPARQL, RDF, Duplication-based join, Multi-way join
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SELECT ?X ?Y ?Z WHERE {
?X type Student .
?Z type Course .
?V name “University0”
?X advisor ?Y .
?Y teacherOf ?Z .
?Y worksFor 7W .
?W subOrganizationOf ?V

}
2% 1 <A SPARQL Z¢]
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Groupl : Join on X

(2X type Student
L ?X advisor ?Y

Groupl:JoinonY

?X advisor ?Y
?Y teacherOf 22
?Y worksFor ?W

GroupZ2: Join on Z

(22 type Course
\?Y teacherOf ?Z

GroupZ2: Join on V

?W subOrganizationOf 2V
?V name “University0”

Group3: Join on V

(2w advisor 2V
| ?V name “University0"
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v}, {v}
Job5) Join on W
{V}, (W}, {(W,v}

Job4 [ Join on Z ]

f

—

<?V name “University0">

<?W subOrganizationOf ?V>]

—

<?X advisor ?Y>

{2}, v}, {2},
(W}, {W,v) T
E JoinonY [ <?Z type Course> ]
Job2)| JoinonY [ <?Y worksFor ?W> ]
(Z)(, ‘{(\x}(‘({)w(s/(iz)'
R Jobl [ Join on X ][ <?Y teacherOf ?Z> ]
X}, {2}, {V}, (XY},
{Y.Z}, {Y.W}, (W,v} [ ]

[<?X type Student>]
)
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X2, 2) | W), (w |
Job3 | (Joinon X) Job3 (Join on W)
@@ |
Job4 | (Joinon 2)
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GrouplI: Join on X
(2X type Student )
L?X advisor ?Y )
Groupl:Joinon Y & W Group2: Join on Z
?X advisor ?Y (o )
2Y teacherOf 2Z 7z pe Coutss
?Y worksFor ?W — : J
?W subOrganizationOf ?V Group3: Join on W & V
(7Y worksFor 2W )
?W advisor ?V
\?V name “University0” )
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Input: SPARQL query Q
Output: A list of MapReduce jobs
U := getSortedJoinKey(Q) // A list of join key
set in each triple pattern sorted by e-count
j:=0
Joblj] := @
while Q # @ do
O0:=90
jH+
for i=1to Kdo // K is the size of U
// ujis the i-th element of U
if Can-Eliminate(Q, u;)=true then

// A set of TPG

© X NPT RE W N

— =
— O

// Can-Eliminate return true when Q

12: has at least two triple patterns each has u;

13: Group := TPGu(Q)

14: Q:=Q - Group

15: 0O := O U Join-result(Group)
16: Job[j] := Jobl[j] U Group

17: end if

18: end for

19: | Q:=QUO

20: | U := getSortedJoinKey(Q)
21: | end while

22: | return Job
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