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Distributed RDF Query Processing
Based on an Extension of Bloom Filters

Axryosur MaTono™ and Isao Kojimaft

In this paper, we propose an indexing scheme for distributed RDF query pro-
cessing using the Bloom filters. RDF is a framework for describing metadata
and, today, it is widely used in various fields. Generally, RDF data are created
in a bottom-up manner, that is they are created by different people and stored
in different locations. Therefore, RDF query processing for the distributed RDF
data becomes an important issue. So far, several distibuted search approaches
for RDF data have already been proposed. These approaches, however, were
specially designed for RDF data in a top-down fashion, or for simple search us-

ing triple pattern matching. To the best of our knowledge, there are no studies
for efficient distributed RDF query processing that includes binary operations
such as join and union. In this paper, we propose an approach that uses an
extended Bloom filter fitting for the RDF model. By using the filter combined
with bit operations, we are able to know whether a particular data is included
in the result set before actually accessing remote RDF data source. This can
significantly reduce transfer volume among distributed RDF data sources, and
thus the query processing time decreases. We have implemented the proposed
approach and performed a performance evaluation. Our evaluation shows that
the proposed approach can significantly improve query processing performance
in a distributed environment.
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2. 0000

2.1 Resource Description Framework
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Fig.1 A simple RDF data (directed graph).

1 aist:article dc:icreator aist:matono .
2 aist:matono foaf:name 'Matono” .
3 aist:matono foaf:age 30" .
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Fig.2 A simple RDF data (Notation 3).
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SELECT 7y
FROM <http://graph>
WHERE{
aist:article dc:creator 7x .
?x  foaf:name 7y .

}
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Fig.3 A simple SPARQL query.
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Fig.4 System architecture and process flow.
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Algorithm 100000000

Input: 3D bloom filter F', triple s, p, o
Output: 3D bloom filter F'

1 for iin 1 .. k-1 do
hs < hash§-hashsize (s)
hp - hllsh?'haShSize (p)
he — hash?hashsize(o)

F[hS][hp][hO] —1

6 return F
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Algorithm 2000000000000000O

Input: 3D bloom filter F', triple pattern s, p, o
Output: Binding filter T'

1 for iin 0 .. k-1 do

2 if s = constant then Hgs «—
{hashf.hashsize(s)}

3 else Hy — {0,...,ms}

4 if p = constant then H, «—
-hashsi
{hashf ashsize (p)}
5 else H, — {0,...,mp}

if o = constant then H, «—
{hash?.hashsize(o)}

else H, — {0,...,mo}

8 As — Ap — Ao — {0,0,...,0}
for js in Hs do

10 for j, in Hp do

11 for j, in H, do

12 Asljs] — Aslis] v Fjs]lipl o]
13 Aplip] «— Aplip] V Fljs]liplljo]
14 Aoljo] = Aoljo] V Fjs]ldp][jo]

15 T.put(s, i, As)
16 T.put(p, i, Ap)
17 T.put(o, i, Ao)

18 return T
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Algorithm 30000000000000000O0OJOINOD

Input: Binding filter 7', Binding filter S
Output: Binding filter R

1 R0

2 for iin 0 .. k-1 do

3 for key in (T.keySet U S.keySet) do

4 At «— T.get(key, i)

5 As «— S.get(key, i)

6 if key € (T.keySet N S.keySet) then
R.put (key, i, Ax N\ As);

7 if key € (T.keySet — S.keySet) then
R.put (key, i, Ag);

8 if key € (S.keySet — T.keySet) then

| R.put(key, i, As);

9 return R

O
SO OO
O = O =
(el en el en)
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00004, 0000000000000A4, 0000000000004, 0000000
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Algorithm 40 0000000000000 OUNIOND

Input: Binding filter 7', Binding filter S
Output: Binding filter R

R—0
for iin 0 .. k-1 do
for key in T.keySet do
At — T.get(key, i)
As — S.get(key, 1)
R.put (key, i, Ar V As);

[ NS, BTNV CR

return R
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Algorithm 5000000000000000OPROJECTO

Input: Binding filter T, Attribute set
{a1,a2,...,an}
Output: Binding filter R
R—0
for iin 0 .. k-1 do
for key in T.keySet N {a1,a2,...,an} do
A «— T.get(key, 1)
L R.put (key, i, A);

[ B N

return R
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Algorithm 600 00000000000000

Input: Binding filter T', Binding Set B
Output: Boolean
b—1
for iin 0 .. k-1 do
for key in T.keySet N B.keySet do
v < B.get (key)
A «— T.get(key, 1)
pos hashiceyhashsize(v)
b — b A Alpos]

if b = 0 then return false

N o s W N e

®

9 return true
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Fig.5 The processing times of each query using 15 DB servers.
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Fig.6 The amount of data transferred among 15 DB servers for each query.
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Fig.7 The transferred size and the processing times for Query 3 while the number of DB servers

increases.
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Fig.8 The transferred size and the processing times for Query 12 while the number of DB servers

increases.
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Fig.9 The transferred size and the processing times for Query 14 while the number of DB servers

increases.
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Fig.10 The transferred size and the processing times for Query 3 while the array length or the
hash increases.
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Fig.11 The transferred size and the processing times for Query 12 while the array length or the
hash increases.
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Fig.12 The transferred size and the processing times for Query 14 while the array length or the
hash increases.
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