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Distributed Parallel Reasoning Algorithm Based on Spark
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Al

Abstract: Multiple.MapReduce taslés are needed for most of current distributed parallel reasoning algorithm for RDF
data; moreover, the reasoning of instances of triple antecedents under OWL rules can’t be performed expeditiously by
some of these algorithms during the processing of massive RDF data, and so the overall efficiency can’t be fulfilled in
reasoning process. In order to solve the problems mentioned above, a method named distributed parallel reasoning
algorithm based on Spark with TREAT for RDF data is proposed to perform reasoning on distributed systems. First step,
alpha registers of schema triples and models for rule markup with the ontology of RDF data are built; then alpha stage of
TREAT algorithm is implemented with MapReduce at the phase of OWL reasoning; at last, reasoning results are
dereplicated and a whole reasoning procedure within all the OWL rules is executed. Experimengtal\results show that

through this algorithm, the results of parallel reasoning for large-scale data can be achieved efﬁcienﬂy and correctly.

Key words: RDF; OWL; distributed reasoning; TREAT; Spark

B U 4 R ) RDF T OWL bl CU7E & AN 4, |

HHTZIN A, 5% iH(DBpedial ). BT 2L i
FH#@LODDP). A5 E % (UniProt®) . Hi s (5 B &
4% (Linkedgeodata) /1 %)\(ﬁ?{ 5|4 (Watson) %%, B8
SO RS, P T R A U R T S
(052 2 e RN R, G Ao 3 3 8 SO R IR AT B g
Rt e L e BRGBEA5 B — AN R AR 1) i) e
TV SO R () SOl K, b SRR 1) Py A7 R,
CUANIE FH T RS Hts 1) 2

5% RDFS/OWL 73 A1 sCIFATHERE 2 H 80 i
— /M. J.Urbanit* %5 A 7 RDFS/OWL FI4E 1%

© He410 H:E K HARRESES(61300104)

%

FiI WebPIE SEATHERR, AERHE L A HCR 0FATHERE, {1
R R A — AN EE £ 1> MapReduce
fESHEATHERE, (T Job fJ5 BUANXKERS, DMILRtA
RDFS/OWL HEFERUI KI5 0, SEAARHERE )RR 2 31 1
BRA. s A4 T 5T MapReduce [f1E5 LT
Ji& I E XCHE B 5] B (YARM), i HfE B OAE — K
MapReduce 11:55 N B ] 5¢ B RDFS F 4R, {H %
SR IFANE T T 2R OWL U PHERE, thAh, 245
— R AE B = el R, YARM 2 {7AERL £ 1)
JUATVHE B A T . P AR R4 S
Rete [¥] RDF #dfs 70 A XOFATHERL 0%, 2500k 4 &

WA I R]:2016-09-2 15 ML 21146 4R 1 1]:2016-10-31 - [doi:10.15888/j.cnki.csa.005790]

Software Technique * Algorithm {4 A « &k 97

© TEREBIK AR

http:/fwww.c-s-a.org.cn



AN VA

http://www.c-s-a.org.cn

2017 4 264 55 5

RDF 3l Ak, A = el R AR AR e A
7f RDFS/OWL #EHFEE, 454 MapReduce 5231 Rete
HET Y alpha B BORT beta BB, MM SZEL Rete 5032
()73 A CHERL; (HZ A G beta 9 254k BN 75 22
AR Z )N AT BT 2 DGR AN BCRACR, BRI
VL2 BUAERE N AZ AT & B R Bl B T
—FhJLT Spark ¥ ROFATHERE S % (Cichlid), 454
RDD (¥t ly, Puft 17 IFATHERAL, IR B
2 TSR BE AT M WO, W EEAATHE S, DG R T
HEBR I B R 2 AL S ) TUAR.

h TR R R, ARSCERXS OWL Horst AU,
$¢ i1 T DPRS % v (Distributed parallel reasoning
algorithm based on Spark). %4245 TREATMOET 1k
1 RDF $ i A (A p A X =t 41 1) alpha %7 474 RDD,
TS 8 R 8 A B P A B W IR, AT EOE
ORI AT g AL 2, SBLZE 4> MapReduce 45
thoE A OWL A BB — ke B, B, ST Humbg
T 10 T AL SR T T e S S 0 1 25 47
 DARE— D v S Sk AAHE B AR SRR R Y,
VAR B B A I B LT R A Ak AL
alpha &%, FEHAT IEAf PR,

1 EEAEX
SE X 1. Bi = Jo4 (SchemaTriple), & = 411K

VA S VEHE AR ST (OntologyFile) F A 5 X

I
(S, P, O)(L<ijk<n)

;B:EP, n %%*ﬁﬁzﬁéﬂmzé\iﬁ % VE{SiI le Ok }l \

v € OntologyFile, M
v(S,, P,, O,) € SchemaTriple « (1)
& X 2. S = Je 4 (InstanceTriple), 15515
Vs 2 — AN AE AR SCF (OntologyFile) 4 52
X, 2B ARM s B
Y(S;, P, O,) (1<ijk<n)
o, n FoRspl = oA EL 35 ve{S;, P, Ok}, 3v
¢ OntologyFile, M:
(Si, P;, O,) € InstanceTriple 2
B 3. = Iudl bR (Flag_TripleType), H+
PRI = dl 5 sl = o4, 4w X 1 e X 2,
= JCH bR Flag_TripleType »& X1 F:
wve{(S;, P, O )l1<ijk<n}

98 #H M 4R « 51 Software Technique « Algorithm

Horp, n RoR=Judi i R gL )
Wve SchemaTripIe)}

. ®)
O(v ¢ SchemaTriple)

Flag _TrileType = {

€ X 4, AR =040 %1 % (SchemaRDD). FH T3k
AR FITETE B s A = el S, dia e XL, B
R =T SchemaRDD & X 1 K:

V(S;, P;, O,) € SchemaTriple(1< i, j, k <n)
o, n FoRpi X = oodl i a4, ),
SchemaRDD =0, _ RDDUP, RDD 4)
Jtof1, O, RDD Fmili 2 11 P, € { rdftype } HLE A
[l iR — e G, BLIZEETEm 44, P_RDD &R
JEIEIE Pye{ rdfitype JP P B AR RN E R — o 4k
&, Dz a4, BAoE X T
Om_RDD:{(Si,Pj,Ok)|Pj e {rdf :type}&k:m} (5)

P,_RDD ={(S,,P,,0,)|P, & {rdf :type} & j =t} (6)
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Fric Flag Rule, 401 :

Flag Rule, = {0,1,2}
o, AN BESGE B, Flag Rulem=0; KEUHGE H oA

I 1 B, Flag Rulem=1; MIU¥E H oM 2 H,

Flag_Rulem=2.
H T 1 OWL BRI 5a. Sb A5 ik (1) 14T
A, DRI, A SRS HE B AN HE T 2 U

OWLHorst rule

1 p rdf:type owl:FunctionalProperty, up v, up w => v owl:sameAs w

2 p rdfs:type owl:InverseFunctionalProperty, v p u,w p u => v owl:sameds w

3 p rdf:type owl:SymmetricProperty, vpu=>upv

4 p rdf:type owl:TransitiveProperty, upw, wpv=>upv

S5a up v = uowl:sameAs u

5b up v = v owl:sameAs v

6 v owl:sameAs w => w owl:sameds v

T v owl:sameAs w, w owl:sameAs u => v owl:sameAs u

8a p owl:inverseOf q,vpw = waqyv

8b p owl:inverseOf gvpw= wpv

9 v rdf:type owl:Class, v owl:sameAs q => p rdfs:subProperty0f q

10 p rdf:type owl:Property, p owl:sameAs q => p rdfs:subProperty0f g

11 upv, uowl:sameAs x, v owl:sameAs y => x p y

12a v owl:equivalentClass w => v rdfs:subClassOf w

12b v owl:equivalentClass w = w rdfs:subClassOf v

12¢ v rdfs:subClassOf w, w rdfs:subClassOf v = v rdfs:equivalentClass w

13a v owl:equivalentProperty w => v rdfs:subProperty0f w

13b v owl:equivalentProperty w => w rdfs:subProperty0f v

13¢ v rdfs:subPropertyOf w, w rdfs:subProperty0f v => v rdfs:equivalentProperty w
14a v owl:hasValue w, v owl:onProperty p, u p v => u rdf:type v

14b v owl:hasValue w, v owl:onProperty p, u rdf:type v=>upv

15 v owl:someValuesFrom w, v owl:onProperty p, u p x, x rdf:type w => u rdf:type v
16 v owl:allValuesFrom u, v owl:onProperty p, w rdf:type v, w p x = x rdf:type u

Y B
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Step2. XTI AHIV(S;, P;, Oy) € InstanceTriple #|
U7 745 Flag_Rule, ({118 1444 0, MIBKZ Steps,
A 1, B Stepd, 7IBKE Steps.

Step3. XF(S;, Pj, On) AN HATA] 4b 2.

Step4. 454 O, RDD i P, RDD U475 1 (51
D) B, i R 1) &5 1 L e OeE S ) = o A
<Rule,, (S.P,0,)>.
StepS SRS B KLU HH AR 5 = JC 4 alpha P57 A7 4%
O,, RDD. P, RDD £{ Rule,, linkvar RDD, 3745
FR) S B = 0 20 2 A o A T R B AR B ) A WA,
TG 55 I [P BB X <Ruley, _linkvar, (S, Pj, Op)>%irth;
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LU 1 A pi ) 8a(inverseON) B, CAIEHEIRLNT:

Input: (S, Py, Oy)
Output: <key, value>
Begin

s

If (Flag_Rule9 == 2){ »
If (P, equal “rdf:t‘ypé”){
yield (Rule9+S,, (“flag=type, resource="+ S)))
H
Else if (P; equal “owl:sameAs”){
yield (Rule9+S,,(“flag=sameAs, resource="+ Oy))

}
End

LT 8, HERLAT LLAE Map Bir B 45 200
PR = IJC AR, A reduce BB AT O I 8
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P =T T
LA 1 ) 9(type+sameAs) A fil, Dhfdfifiid fun

Input: (S, Py, 0y)
Output: <key, value>
Begin

If (Flag_Rule9 == 2){
If (P, equal “rdf:type”){
yield (Rule9+S,, (“flag=type, resource="+ S,))
} \
Else if (P; equal “owl:sameAs™){
yield (Rule9+Sl,(“ﬂag:saméAs, resource="+ Oy))
} \

}
End

i

L 1 AR 15(someValuesFrom) A, £4RL 4
R

IIlplltI (Sl, P], 01)
Output: <key, value>
Begin

If (Flag_Rulel5 == 2){
For (inverse in bc_vpw.value){
If (P, equal “rdf:type”){
If (O equal inverse.W){ \
yield (Rulel 5+inverse.P+dl, '
(“flag=type, resou‘;ce=”+inverse.V)) .
M value H1 flag bril type B generic, H T
reduce HHIITY S 5 0%/
H

b
Else if (P, equal inverse.P){

yield (Rulel5+P+0y,
(“flag=generic, resource="+S))

}

}
End

T b BT (KRR 9 RN 15, LAKEIN 9 A4, £E Map
B B 5 BN ) — e AT AR B, DL“Rule9+IEHEAR
=74 key, WARIETEN type, 4 value FHFRICH type
B8R AR, R I5E N sameAs, T4 value
HbRid ol sameAs H VR A 5215,
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Reduce BB 5258 ik 42, FJH] RDD 1)
reduceByKey, 454 OWL MU, #R¥E SchemaRDD #lI
alpha 27723 UL & Map M BEA InstanceTriple % 45 5
TERCERAER, 13 BIHERESE AL, AR SCHR T IR I B B
S AR BT
7k Reduce Hik
i BEXTE R InstanceTriple
By A O = o

Stepl. K HFAL =T K O, RDD. P, RDD #!
Rule,, linkvar RDD BA K& 45 1C Flag_Ruley,.

Step2. R AR B R IE AR, Wik key A
Rule,,, MFER MR 1, HEH value 1 =J04H
@,N )ﬁm;m%mwﬁRm%jwmnM%
AR 2, NIKRYEZ key KWK QWL ARIUIFIZE b2
AR, 454 alpha %5 7 A% Rul@m_liﬁk\;ar_RDD 5 value
AR S % P PR, AT B TR 45 O e B e
M= gel S, P, 0, ). FERATHERHEBL R, A
KRG 21F) SchemaTriple CLZEEM) % alpha 2547
AR e R, A SR AT SchemaTriple 5
InstanceTriple BY, InstanceTriple 5 InstanceTriple [H] 1]
EZRITT.

o T BN Reduce BB R EEREAHERE, DLE 1
KR 9(type+sameAs BN A5, DhTEFE IR
Input: <Rule,, linkvar, Iterator<values>>
Output: (S, P,0)

Begin:
Val iter = values
while (iter.hasNext){
Var types sameAs/ *ﬁﬁ K ARAr" flag jj type B¥,
sameAs [14E ‘
value = 1ter.ne;(t
if (value.flag == “type”)
types.add(value.resource);

else sameAs.add(value.resource);

}
for (v in types)
for (w in sameAs)
yield (null, triple(v, rdf:type”,w));
End

DL 1 s BRI 15(someValuesFrom KEIU) 4431, £
iR h
Input: <Rule,, linkvar, Iterator<values>>

B<Rule,y, Iterator<(S, P, 0)>>
(S,P,0)

Output:

Begin:
Val iter = values
while (iter.hasNext) {
Var types, generic/* ] 5[%1%7@ flag M type X
generic FIEEE*/

value = iter.next

-

if (Valué.ﬂag ==‘type”)

types.add(value.resource);

else generic.add(value.resource);

H
for (v in types)
for (u in generic)
yield (null, triple(u,”’rdf:type”,v));
End

P 3R (R AU 9 FAR I 15 (RIEA AL, LAKIIU) 9 Sy 4,
7t Reduce FrBt, MRIEHIAK key A values, FAi il
values H11] flag {ERIEAT X 53 514 gl i Hi 1) — o 4.
24 MRES =AM RE B R
(AT S P o 4 PR R T ST
Qﬁiﬁlﬁ@mﬂ?&%qﬂ A s B o i 4 = o4,
Uﬁ?ﬁalphaﬁﬁ%lﬂﬂ% PR AT = n A R, IR
ARG, WEIRHERACR. R R A e 5 1
Y S A OE e 18 Lo Y cONIG]
LALRTTAY. A SCfEB) RDD ) distinct F11 subtract 52 %
ﬂﬂﬂﬁ?iﬁjﬁéﬁﬁii‘
g BRI MR ES o )E, o
= JCL 3 590 5 T B N[ alpha 25 A7 2, 9245 = o4l
& N3 S S A
25 BEEMERES TR
ARG AT 2 S04 B (4% L, DPRS S
ek 5 A v R S 28 VR 70 B AN KA R], ¥ DPRS
'%/iﬁ’]ﬁﬁﬁ 400 T (RIS 1) 52 2 M43 2 Map B B PRI )
52 4= PEAT Reduce B B 1IN 1R] 52 % V. AR B B5a 4R 11
BORAN K N A=JudH, HhBX=JcdNh n P, 1£
MapReduce H' Map BBt 347504 k, Reduce FirBtf:
NS4 = 50440 m, Reduce B BEIIIFATECN t.
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tH-1- DPRS 5.7 Map By BOSHEANM L 1 — 04,
454 SchemalList. Flag Rule,, F13#— Xk, BIA]AWiZ=
T A UL RES S A R, RS S R
SRR, W LLZI RN key 454 = o4
H. F ik, Map B B i () & 2% 250 O(n*N/k).

i T 1 OWL B, K 1. 2. 3. 4. 15, 16
AP = O AR, K LR AE £ 5245
AR, 22 S48 A SR U Reduce B DU 75 23 [T
PN IR S50 — e 5 R = e i+, A e 2
HEHLEE L. R AE Reduce [ B (117 52 24 1k 43 by #AR
R 2 AR AT /AT

Reduce i Bt 2248 5 [ I8 (8] 52 2224 O(n*mv/t). Hi
T o EH AR D, T LI IR # A

DPRS S5 1 56k A A b (A a0 — e A
AR, FRE E X7 HTOWL KU Aty $7 3 Ay g 45> R
WIS Flag Ruley, Mg A nfREWS 180, 75
AE B U IEA T4 SR b (1) Map BB, 6 T
NI 7641, DPRS U7 3 753 A2 SEAN B AT 7
UL AL, 50K bR ) 44 FRAE b B (key), {H(value)
HEIn A A = B L 2 AU ET A,
AR b T 12577 A 2 AN R B (key) R BT, DLER
B Reduce B BEAEIZE $2 1) 1E A P REICHE se k. )
Reduce B4 M = el LB G, AR BRI =
JCA, 4 DPRS By B vk 5 & A B )
Flag Rulem, 547 W (0 JF 47 #E Bk A, an 2R
Reduce Ff Be s 26 1) = 20 25 35 7 2B R A2 S = o4,
Hi4 DPRS Sk HEAAT N I EATHEIEAR, H 2

BATBT I = el Bt = A k. I DPRS SVEFTAE |

B MHERE LS L e & 1.

3 SR SE RN o 0

S T 8 ORI BR1 4 4 15 R4 Linux Ubuntu,
KM scala E RN gmPEiE S, JHRIAE N IntelliNIDEA. 1
SEEGIAEE R, FHER 1 s BL EAE b A R 48 Spark £EHE1Y
B, JLih 8 &, H Hadoop H8EH 1 & 1E 4 HDFS (1)
IR, 1 G164 JobTracker 75 £, 6 &5 4 HDFS %L
Pa-19 )5F0 TaskTracker 555, Spark ZEHEHT 1 G1EN

VRSN I EEACC B sk 1 ).
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1 Hadoop SEHE TAF ¥ ) REAKL &

G FE
CPU Intel(R) Core(TM) i5-3570M
WAF 8G
DS 500 GB SATA
Java JDK1.6
Hadoop Hadoop 1.0.4
Spark Spark 1.4.0

A3C# DPRS #2325 DRRMJAI Cichlid-OWL !
FERR] RSB A58 10 AN [ P B G AT X0 L S
A5z % Fl LUBM! (Lehigh Univérsify Benchmark)#{
JEHER DBpedial PHCHE SR HEA TN, Bl SR A S
Heui I an 28 2 iz,

Lo R MRS

- =¥ mErE M ﬁ:ntzﬂ

“M “M “M A
LUBMS50 6,865,225 51 43 176
LUBM100 13,828,451 51 43 176
LUBM200 27,541,125 51 43 176
DBpedia3.7 14,339,055 1662 336 5314
DBpedia3.8 16,968,652 1794 376 5795
DBpedia3.9 21,884,910 2352 570 7766

TV S MR AP OB = R AT e
%2 PR, SHABIREICMALE, B =R
B, (ERTIR MBS, B edl
5 B A B T4 M 4160,0.04%.

%3 RIBR S AR OWL HE 87 A 1) =41

OO ok
Bk, DPRS 57921 ()L DRRM 517 /£: 1) Cichlid-OWL #EF171:
By ¥ —RAK B RESIT
LUEMSO 1899433 1899433 1899433
LUBMIOO 3810426 3810426 3810426
LUBM200 7603597 7603597 7603597
DBpedia3.7 74879640 74879640 74879640
DBpedia3.8 95926101 95926101 95926101
DBpedia3.9 146249474 146249474 146249474

* 4 AEBAEE=FEIFAE OWL HEREW A%t

44, DPRS HEFEAFA] DRRM JEFLNE]  Cichlid-OWL i i ]
bz (s) (s) (s)

LUBMS50 124.941 252.423 130.580
LUBM100 293.608 467.376 295.464
LUBM200 525.120 936.425 530.063
DBpedia3.7 574.283 2393.791 678.843
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