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Structural Change Detection Technique for RDF Data in MapReduce

. U +
Taewhi Lee - Dong-Hyuk Im
ABSTRACT

Detecting and understanding the changes between RDF data is crucial in the evolutionary process, synchronization system, and
versioning system on the web of data. However, current researches on detecting changes still remain unsatisfactory in that they did
neither consider the large scale of RDF data nor accurately produce the RDF deltas. In this paper, we propose a scalable and effective
change detection using a MapReduce framework which has been used in many fields to process and analyze large volumes of data. In
particular, we focus on the structure-based change detection that adopts a strategy for the comparison of blank nodes in RDF data.
To achieve this, we employ a method which is composed of two MapReduce jobs. First job partitions the triples with blank nodes by
grouping each triple with the same blank node ID and then computes the incoming path to the blank node. Second job partitions the
triples with the same path and matchs blank nodes with the Hungarian method. In experiments, we show that our approach is more
accurate and effective than the previous approach.
Keywords : RDF Change Detection, MapReduce Framework, Hadoop, Blank Node Matching, Large Scale Data

ERFNPEREL B | 7]
Wl FodlA 9] 24 RDF dlole] W7 &4 7|4
o Ef &' =&
2

RDF dlolefe] 7 W85 HAstaL osiats 212 dlolE] f¢] X8t Zrax 578k Alz=g wd & "l”‘E"ﬂW g Fag o
&g gt} sHAW dAle] ATE &% dlolelE sk gAY AYsA ¥F UES @XsA] Xtk HolA @] wgsitt
B =R o&F deolHe] 4ﬂ BAE 98] o Rofoll A AHEEE PelFa Zads)a vk g4y %ﬂﬁ AR A gH
7IMS Agrgth. 53], RDF dlolHe] T8 Hlaste 7249 WA g 245 €tk ol sl F 7ol WelFs Aoz ofF
o2l Wy e ALgET A WA AdolAE Fwsel Hol R choltlh & EXEES I Frrd A4n JRE Anah
F oA AN 2L A28 e EFES I G/ WACE o g3l Frs WIS £PAL 48 B AR
el 71E Wan o gsn L39S nan
J|9l= : RDF HZ EX|, ME|FA ZYULT, ot5, 3 &, CHE2k ClolE

1.M B 4 5 HEm|to] Rofo A HE} Hlo|EE V&sty] H%
Aol de] ALgHL.

AWE 18 714&E7] 93 ooz AAte] ARE RasE RDF HolEl52 7841e] RIWe] dojitr] wfe] ofd %
= RDF(Resource Description Framework): 7]% 2 9] o] ABAle] dolEA] ®Ashe E& wig- f&3itH2-5l
eta ) oolET} e AU AEsete] A 53] Wl8% RDF dlolejol A MAsh= Fwol 53] A7
F 9l7] Wio) thagk Rofox AL&E T QIUH1]. 53] A d AF WEE eSS FAske] wtgsts Aol aeAdl
2ARe o5 AR 7 LojHA 7|&F} oux|, E wHeg A gdrh sHAN 7)E AFES HEe 7|

olAY #AY dolyuHol~ 7|Rke] WA YA SR s}t
% o] =RL 013UE FAYSHLY] Yo T sHedd] A US Mol 8 HAlel e AdRS AREE] wEel t&F HolHA o

H A5-4(2013-0076 A =3 A 5 = =

SEk A7 e EISWE AE QTS A AME vine 2% Ee £ AR G4 37 A
+F 2354 QAﬂtﬁﬁLﬁ AFE ARSI 2 A a1 ¢l o|#]3t EAAHEL 2357 Y] &4 ¢ o

Manu%cnpt Received : March 28, 2014 AL . ]_1 sAgES Hf 71 Flef 2k 3

First Revision : June 19, 2014 g o] dystn o] F 7 dEAY ASE fEia

Accepted : June 19, 2014 _ -

# Corresponding Author : Dong-Hyuk Im(dhim@hoseo.edu) T AYFA6]7F ol AHEE L Stk A WElF2AE RDF



294 ZEMEIED=2X/AZEQN X HIOIH 3% M3 M8=(2014. 8)

g 1EH W7 %}XM] qgshe AT g Aot 2, #H A3

TIA W2 716ke] EEE dlolEd uigk WA &
1% XJ]OFO}Oﬂxl“P EFFA FAFE 7|2 AMEstE U 2.1 RDF Hlo|E{e| A Efx| 7|H
© RDF dHolge] 724 EA4L wadsix 2l 53 RDF dlolg¢] W7 &x& 2 724l 323 oy
RDF dlo]golA A3l & :-=(Blank Node)E 1123t ARl FEoE o) F24l FE-2 RDF dHolg7}t
7] Wil Axel WA AT & & gk FwsE A EE YFOR olFolA oY) Wil T Afel AP
A ZAEA SAY A3 (Set) B 2o BAZ 7|2 o 2 AREY FreEE E3EE PR WA 2HE F
AHE-8l= RDF dlolg] & F9 & wwolth Fig. 19 ¥ tH2,38l. owlAel WA ®A= RDF HolE oA Abgsh=
o] ou= Yool 04-210]w o] Zo] “Tom'el Aleh FES ol&ste] WA BA AHE FolAY ErEo] WA
_% :LiL‘ 3]_1;], olu]-x4 o7 Fnrr= q,% _g_w_]___\:_g} :rLtﬂ—g}ﬂ O] Qoi—]':— P/IH];Q._O—E gﬁ/ﬁ,% 5’}% ‘?'173 %x]’eé “Zl”i ?i?
Ja WRAQ ofoltE Folshn AgHLh spm pe Ik T elS AW L ehaA tE g el

: 2 ndsA 2w 9

Fwsebn st Wgel WA oot} upE 4 9l

o, Fig. 1949 o] #7149l EelZo] F7hduA i
ofoltiz} LTolH L2 whE 4 ok weba ofolt 7} o
weg 3= 7o RDF 724 w7 84

22 Wa|SA |ste| RDF Hiolel M2l

= RDF dolEl7} FASHAl S7hgel uheh felwsg o8

o atod g2kl RDF dlolE1E Azlahe torst A77) 29
o holA bt Fast S 9ITH10-12]. [10,11191 4% el 52 ol-§3he] SPARQL
Aol AP @ o WelFx H(Job)d) AFE Zol7] 94
olda x9S MA & AAAd g uwES Ataat.
[10]4%E RDF EE g FolA 714 wo] veps
291712 WA zde WHS Agaon, [11dHE
Az =ghozm Ay Jhss 2208 Wol AP T|E Z9

R84 =<3 -

RS AR (1218 WEF2E olgste] ueH

RDF dlolele] tg #E£& Akt 2ol oF 9%

se F2 49 Az 0 Fed 298 Fu o ¥y

Fig. 1. RDF sample data and change A HeliraE Agste e dve swdl dAH 9

oo E ERAE Frcg ;s WEFe Zdd
9z slke] W7 "AE At 2 gelN FrEE E 3. Ui x4
Fobe WA BAE AdAAR vm o ggPs
e £ 9 WAE A Agkee e 2709 Ao of oA w7 A4 Agstn] ¥ =RelA Abghe
2 ool WHFa ZaY9as Agatk A A B9 $o1ES eldnk 1ol RDF dlelejsh WA g
AME 2e FwEES PV A% AAY Adew Ay WA dehny, 32ddME FRE I #E V1€
RS A, T oA AQeAE ge Arg e WETS MAEA TS ARdd
TrerE7gd W7 g Pt WA o gdke 7
Agh B Ao 94 RDF dojee] 724 WA w4 3.1 RDF Glofef =82 vz 87
g 98 71Ee FeE RS WeFe Tagdad d4 B —
stol o4 dolEE tE & Y svks Mol o e

W owBo e houl gtk 2464 RDF o] Hel RDF dlo]H &= <fﬂ(s>, =o1(P), 210> e
0E e wh BA Ml Be B g guna, ) oot of SHEE AR
B oAToA AHgshEE WelR2 7l RDF dele A TG P.O) €U UB) xUx U UB U L)
B Ao e Ade] olrok 3Pl AE w7 A3
1€ A8 EARS AR, Agen £ wEA o), US URL L& Literal( 2412, BE 8- (Blank
ARkshs RDE dlelsfel o welirs 7iel 724 88 oqeg vebdnh, Qugor grss AAsA e
A AW AAE Agach 53eaE AY AAE AN g 9y RIS B 4 98 o g e ges
st 27t AQke 7o Ass ATk v 6%l ob a7 98] AlzEolM A H o ofoltE F-ofd)
N 42g won] =82S nya @) of A},



Aol 2. RDF z28)2¢} 554 (Equivalence)

RDF E&l&9 3< RDF zelxet 4gojsiH, F
IPE G GollA ok 2AE vk
Me] &8t F5aktha 4] ghr{1,8].

1 Me 7 2=Z9] Fxre) Fesg vy}

(Gioll 438 BE Fwtrl ol 4o di$o] )

RDF
A A (bijection)

2) M& Giol €3 2= URI Ui Gooll wi ghu},
3) ME Gioll 438 BE Literal Li< Geoll w3 3tch
Ao 2= F RDF =] vl

YT T2 %ﬂ_ ofolt]E A z—&
sz QFgnhe Aol dg Eol
ofolt]7b ‘1ol A ‘U2'® mbH AA

EEo] 7] " F FTx=

o

N

B3

_O\_(‘
2o

~N

N,

[o

- é

Aol 3. RDF z#fZoj A W7 (Delta)

T+ E¢Z AIRDF 2HZ)olA dte] RDF 2 =&
E] t}2 RDFE 5ot/ sl A A 2 2AHAH
EZEES RDFS W74 3oz gt

rr e

wH

9] 3& RDF L Zolxe] WA dabg dmdrh aun
Ao EFE A At A4 OLJ% use P
2hA] 9 Akl ddato 2 wHETH24] Fig. 19 ¥ RDF =g
o] WAL D={(John know

_:1), (_1 BirthDate “05-13"),
(1 name “David”)}e] 3719 EgZE AYoz xdst &

%
ATk

Aol 4. Az w7

RDF W7 ZFolA WA Aake] g7t A4 He ¥9A
S 4 WAool AHojgt}

T g zol A sbed WAe ul$- g Hoto Aee
o a#lZe RE EES A4Sty thg a2 mE
EZS Alees Aot o3k WA Tl HAie o4k
S 7 MAL 5% aHZE WUE u i Ao
43ty wie HA WAL @A AL wEA WA
HAE sl AWE FosH FeEE ¥dsta e T
RDF Z#Zo| A HA4 WS 2= AL [8lel4 NP-HARD
A2 S9EAn webd 2 WA B8x 7ge] HAa W
Aol +H3 WAS Ze WES AMRstn Ju B =1
ANNE o]e} Z& THI HA WAL T A 2HE
=}

32 7| Ha|FA J|gh WA EXlo| B

[Tl M= Welfe Zad9as o] &stel RDF dolH
o] M7 €xE A¢taldrl. Fig. 29 #o] EgZe] Fo
(9)E @ A Age e

AHgEte] 22 Flgs A E E
i3 X

WWEIFAUMEl 7= RDF HIOIE 814 &Rl 718 295
EZUT) EYES Hlaste W73 &S ALkt shAw
Tx=E7 dE EfEe daA A Wi otoltlE FHA L
Ag FEe e grsda SddE ge A ool
g 7P e BwEE Fee Wy WA ddt U
AR & £, Fig. 29 dAl Z234E 2 AA F71H
= EYE2 oA "R | A 748 EEo] AHA|
Ha 59 EgFe] e AdE 4A "ok vE A
g3 W7 WS o TeEtn QuidE 2Red WA o
$2 TP JE BARS ) 9o
source Map output Reduce
Ak L KEY Value
-1 E g g> AILAK A8 KEY __ Value
- 11 1pBS A AL _GlS output
4il Apcs A A9 AT
K bioct A JAKk_2T Delete Insert
ey: subjec Ak _1 ||Agq 1
[:> alue [:> 1pB _1qgq8B
1! 1pBS =1 Azk —:é
. 1l apcs —< P
Ak 27T
_2pBT
_2pCT
Fig. 2. Existing approach for blank node
4. B-EE TBSE WARA JIH HEY BA
B owRlAE /1€ A5l K BANE A2 9
o gw=E s Welie WA g JEe Add
o TRES e EfEw =N tEr gesr
P EdEEe 719 PHe FedEs do Adshe
el A et ol wle] Wl ke s W
B EA AFdE YPd

Algorithm 1 : Map (Ist Job)

Input: input triple x €S U T
e SRR T B 8/

1 if XES then

2. ID = triple’s blank node ID + “4S”
3! else

4: ID = triple’s blank node ID + “#T”

Output(ID, triple)

A

Algorithm 2 : Reduce (Ist Job)

Input: (D, [t ty, ... ti])
/* ti¥= subject, property, object® TAE EZE %/
/#ID + &= 1D ¢ tag ES or R FA =/

1: Result = @

2: for all ti in input list do

31 if tiobject == blank node then

4: Path = ti.subject + “.” + tiproperty

5 else

6: Result = Result U t

7. Output(Path, Result+ID.tag)
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