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P2P-based Query Processing for Distributed RDF Databases
Using a Three-dimensional Hash Index

AKIYOSHI MATONO,t SAID MIiRzZA PAHLEVIt and ISAO KoOJiMA®

In this paper, we propose a query processing scheme for RDF databases in a P2P environ-
ment. RDF is a framework for describing metadata and, today, it is widely used in many
fields. RDF data are scattered everywhere and the total size are rapidly increasing. There-
fore, RDF query processing in a P2P environment becomes an important issue. So far, several
P2P-based query processing approaches for RDF data have already been proposed. These ap-
proaches, however, were not designed for RDF queries that include join operations, and thus
they suffer from an unnecessary data transfer problem. To deal with this issue, we propose a
query processing technique that is based on a three-dimensional hash index. In this approach,
we map RDF triples that compose RDF data into the three-dimensional space of the index.
To reduce the amount of data transfered between nodes (when processing a join query) we
introduce a bit flag in the index that represents the existence of triples. We have implemented
the query processing technique in an emulated P2P environment and performed an extensive
performance evaluation. Our evaluation shows that the proposed approach can significantly
improve query processing performance especially when dealing with join queries.
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Fig.3 Storing RDF triples in Fig. 1 using RDFPeers.
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Fig.4 A three-dimensional hash space (RDFCube).
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Algorithm 20 00000
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Input: set of query triples @
Output: set of triples T'

set of triples T « ()
map of query triples and sets of bits M «— @
foreach ¢ € Q do
set of cells cells < cells(q)
set of bits bits < getBits(cells)
M .put(q, bits)
M <« andOperation(M, Q)
foreach q € Q do
set of bits bits «— M.get(q)
T «— TU getFilteredTriples(q, bits)

T « apply(Q, T)
return T’
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Fig.6 An example of join operation.

34.1 DO0O0OOOOOOOODO

000o000DoOoO0ooDoooooong Algo-
rithm 2 00000004 12000000000
O000i) 0000000 ¢g00D00000000O
O bits 0 RDFCube OO O OODODODOOCODOOOO
000 MOOOOO3-600MmMIii) 0000000
ooooooooooobobobooMOOOoOogoro
O0MU00U00v) 0000 MOODODOOOO 10
O00000O00000000 TOoOO RDFPeers
gobooogobobooobooooog-1ooomobog
v) JOOO0O0O0o00o0O0o0oooooooooooo
RDFOODOOOODOODOOODOODOODOONIDOOO
OO000oooooOooOAlgerithm 2000000
gebUiboUooooOoOobOObDODO

?x  foaf:name "Matono” .
?x  foaf:age "28"

ii) 4 000 cells 00D0OO0OODODOOOODO
gooooooooooo [{o,1,2,3}3,1,2] O
[{0,1,2,3},3,0) 00000 6()50000000O
00 getBits OO OOO0DDODO0OODOO {0011}
0 {1110} 0000getBits 000000000



Vol. 47 No. SIG 8(TOD 30)

O000000D000OoOO0O RDFCubeO OO OOO
goboOo0ooboOooboOon 3420000060
oooodboobono guobOooboboobooboo
000 mts0 MOOOOOOMOODOOOODOO
goooboobooboobooboooooboobooo
ooo

iii) 7000 andOperation D0 O0O0O0O 6(b)
goobobooobooobobboooooboo
O bits([*, 1,2]) A bits([+,3,0]) = {0010} 000
000 6(c)000000000000 bits([*,1,2])
O bits([+,3,0) 000D0O0M 000000000
o0oo0o0 3430000000000 MDUODO
(?x foaf:name "Matono”) 0O OO0 bits([*,1,2]) =
{0010} OO0(?x foafrage "28") DO DO OO
bits([+,3,0) = {0010} 00000000000
gbooooboobooooobobooboobobo
2,1,2] 0000000000000 [2,3,000000
00 6(c)0000000MOD0000 [3,1,2] O
[{0,1},3,0] 0Di) 000000000000 OO0
O0u)000o0o0o0oooooooooooon
000 6(c) 00000000

iv) 0000 getFilteredTriples 0000000
0000o0oUoooooooooOo [2,1,2] 0000
[2,3,0)J000000000O00O0UOOUOOOO
00000000 ORDFPeersO000OOODODDODOO
goooboobooboooboooobooooobog
gbobobooboboobono 34400000

v)1100000000o00oooooooooo
goooboo RDFOODODOOOODODOOOOODOO
O0O0O0OOOOOORDFPeersOOO0OOO0OODOO
00000000000 ooOo0o0oooOUogiv)
gbooooboobooobooboobooobooboo
OO0O0O0OORDFPeersDO0O0O0ODODOOODODOO
opooogo

342 0DO000O0OO0OOOOODODODO

O0ODOORDFCube 0O0O0ODOOODOOODODO
00000000000 000000 Algorithm 2
O getBits 0000 O0O0OOO Algorithm 3 00O
goooboooooboobooboboooboboo
goooboooboobboobooooobooboooooo
goooboobooooboobooboooooboo
000000000 1-7000 getBitSeqU OO OO
oob0b0O000 814000 getBitMatrix 00O OO
O00D0getBitMatrix OO OOOOO0OO0O0OO0OO
O00o0oboDo0O0o00o0DbOObOO0000D0getBitSeq
gbobooobobobobooooboo

00 RDFOOOOOOOOOOO 127

Algorithm 3] getBits

Input: cell sequence or cell matrix [i, 7, k]
Output: bit sequence or bit matrix

1 if [i, 7, k] is cell sequence then

2 if ¢ is variable then
3 |_ return getBitSeq([*,j, %], [*, k])
4 else if j is variable then
5 |_ return getBitSeq([i, *, %], [*, k])
6 else if k is variable then
7 |_ return getBitSeq([t, *, *], [f, *])
8 else if [i, j, k] is cell matrix then
9 if ¢ is constant then
10 |_ return getBitMatrix([i,*,*])
11 else if j is constant then
12 |_ return getBitMatrix([*,], *])
13 else if k is constant then
14 | return getBitMatrix([x,,k])
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Algorithm 4[] andOperation

Input: map of query triples and sets of bits M,
set of query triples @
Output: map of query triples and sets of bits M

initialize map vMap
foreach ¢qT'riple € Q do
set of bits bits < M .get (¢Triple)
foreach var € variables in qTriple do
bit sequence mask «— vMap.get (var)
bit sequence seq < project (bits, var)
mask <— and(mask, seq)
vMap.put (var, mask)

0w N O U W N

9 foreach ¢T'riple € Q do
10 set of bits bits « M.get (¢Triple)

11 set of variables vars < varibables in qTriple
12 set of bit sequences seqs «— vMap.get (vars)
13 set of bits tmp <« backProject (seqs)

14 bits < and(tmp, bits)
15 M .put (¢T'riple, bits)

16 return M
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Algorithm 5[] filterTriples

Input: candidate triples C, set of bits bits
Output: a set of triples T’

a set of triples T' « ()
foreach triple € C do
a cell [z, 7, k] < cells(triple)
a bit bit — bits.getBit ([z,7, k])
if bit = 1 then
|_ T «— T Utriple

[ S VR VI

7 return T’
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