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Fine-Granular Parallel Set Similarity Join Based on Multicores
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(School of Computer Science and So ftware Engineering , Tianjin Polytechnic University , Tianjin 300387)

Abstract  Similarity join is a primitive operation that is widely used in many applications. It is
used to find all similarity pairs whose similarity are not less than the given threshold from two
datasets using the given similarity functions. As the development of information technologies,
such as Internet and mobile applications et. al, the scale of the data set is increasing vastly. In order
to analyze large scale data sets, it is needed to improve the computation capacity of computers.
So, the architecture of computer with multi cores and multi processors has been invented to satisfy
the increasing need of computation and to improve the computer’s efficiency and performance. In
order to improve the efficiency of similarity join and the utilization of computation resource, we
proposed a solution for parallel similarity join based on multicores. In the relational database
systems, the join operations are performed between structured data sets. While, the similarity

join performs join operations between heterogeneous data sets. There is a big difference between
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these two different operations. The cost of joining two records in relational database is the same
in one query, as it performs joins on the same type of attributes. However, the cost of similarity
join operation is related with the length of the attributes that to be joined. In order to improve the
efficiency of similarity joins and utilize the computation capacity of multicores efficiently, we
proposed to implement parallel similarity joins on multicores system using multi-threads technology.
While, workload balancing is the assurance to get high performance for parallel programing. In
order to achieve workload balancing among multicores, we proposed the even-length data partition
strategy. As similarity join algorithms typically adopt a two-step filter-and-refine approach, we
proposed two different task decomposition methods, shared-index based method and independent-
index based method, regarding to the features of modern computer architecture. Based on our proposed
data partition strategy and task decomposition methods, we implemented the parallel similarity joins
based on multicores. We also analyzed the time cost of the two different implementations, even-
quantity data partition with shared-index and even-length data partition with independent-index. In
the time cost analysis, we considered the cost of index update, index scan and sets intersection.
Based on our analysis, we proved that the implementation applying even-length data partition and
independent-index can get better performance. In the experiment section, we conducted extensive
experiments on four different implementations of parallel similarity joins using two different datasets.
The experimental results showed that our proposed implementation applying even-length data
partition strategy and independent-index can fully utilize the parallel computing features of multicores
and get the highest performance. The efficiency of similarity joins can be improved vastly. The parallel
self similarity join on DBLP data set and the parallel R-S similarity join between two data sets of
CiteSeer and DBLP can be completed in a second using 16 threads on 16 cores system. We also
compared our proposed methods with the state-of-art methods on the two datasets under the same
experiment setups. The experimental results showed that our proposed methods can outperform
the other methods by a wide margin.

Keywords similarity join; parallel; multicore; multithread; data partition
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J7 1 B — S B R 0 B token 5. B4R S B
HE BT A token 4 4R A PR O IR S 1Y
token 3, U.

[S]
U=U{t|t€T,}. s€S.
i=1

EX 3. ERITF.

XFRAEE S K token U, U W —12F
F R0 N O. B, token £ S H HY B 551 3R K/
KR VT 00 Uy 45

EX 4. Hiutk.

EXT. Hi%.

Vs€S, L.=CG.0), O N4 JmHF N .0 h
FAARLRE BIAE. L Jaccard A, 30 53 BT 8858 XN

T'={t |t €T, A<i<|T,|—[|T.[%0]+1}.

SE SC 6 H )RR R BE T i T L ) i A
RN 1 s,

EX 8. L.

XF TR A R RVECHE £ S o AR L% #2458 A A 4l
FH P48 5 0 AR B BE 358 07 W sim FOBIME 0 DB
B R FIECHRAE S iR s Fir A W &2 sim (v 5,0 =0 1)
TESRXT (riasi).
3.2 EFRIZMES

SSJoin J5 ik 1 H & SFE T A ALY B I % 4
B LR Y TC F (token). 4 SR A B 45 P 11 token
P A HEZR T AR 2 AR AL 1 B 0l 0 G 4 B TR] —
A HE S 2% v A ) HE 5 2%k 58 R BT A A
L. R B S P B BT token 14 7 1Y)
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L
&

{BHER T B, I Ho i T ALY $iE 2 A 1 1
5 RS [F Y token, EATT2x L[] HY B AE 24>
Heg R B2 A R 51 A R 2 e, Sy T U
ANR G, B2 & R g M A RCR e B HER
| BR3P P B R S B R AR A - R s
St [/ —A2F O BIEAE 1 R sim (rys) =0,
W TINT! A 3% 2 W5 A H 4 A ALY 2 22 251
WHEL 7 F1 s BT T —E & 20— Y
token. A8 2 AR 4 I Pk 5 78 44 B HE R 51 i R AT
I g — 25 5CHE 1 T 8 43 RV AT LR iR A B i) B
I NR]— B HE 51 2 v T R 6 B s AT R AR Y 4
¥ O — e R T a4 vhoaal sty 19 5 =L ) A )
AT B HE 3 7 1k T DAOR IR B — 2% B8 A i 2 AT 2
A GBS T BB N B A T A R T
A BT SRR A (B HE R B LB /. T RUR R &
b A 3 2 i R BRORCHE K R 3 1 ok HE Y Y
AR A A BL I 57 =2 8] B BE 24 o mT KRR BL A i s HETE
I 30T L B IR, 3 Ak B 1) B8 S A A 1 R
R R PRAEARARL 14 30 SR A [F] — B HE 51 2% bt 2 i
I AT DAEE G b R P AR 14 Jeg P D
3.3 SRENEREHNSHITIHE

Bl 5 TS AL B AR AE A 7 AR 3 v o 3 &
AL T Kb PHESCHE 1) B ASE AR AN TR b 3 s AT 38R
HILTE B 1 BESRAE S W7 1 52 5 o A L 1) 25 1) 6 AN B
Hi TG LA AT TR T R R

Ph Intel 4], b PRSI WI 1Y 8 2 AL B4 Intel
8088, 38 1o ANy & /& . 1978 A Y 8L T 16 i 4b B %
Intel 8086,1985 4 Intel AT HEH, T 80X86 FR ¥ [
3K 32 ALAL PR AR, 2001 AEHE N T 64 i b .
A0 PR FE AL+ MHz & 34 K1Y 4 GHz. 4t
PR BT A T FE DAL SR TR) Ay i 21 AR
BLMERE £ & R 2. S 1 g ok DL B iy [a] & Intel F
2005 ARHEN T AUZ AL S L T 2 2 408
ARG SR TE R R CRERE LA AT T R Uy B
ARGF B PL e B BAR ) 11 B AL R 46 3 3 >R FH I 24
O E 1 s, — A BA WA A B S A B g
AN ONZEZ R RG B %00 L
FE A BE A R B0 F — L1 & AE 7l — 14
IR AS ERAR O TR L2 GEAE. AR SRR Y AL B g
RGH B0 AT RERRIA A O L2 A

TEZ % 2 A & X R P IR 74k iy 52
W7 XA PR 23RN 2 LRl TR Y R R A
HEREZ A S (A Lo s (AR 2 RN S A
T RMREIATHIN HEY. ABRIERG5IAZ

REHAR LUG - AR AT 55 18 JBE A S AS By A
GER A A . SR B LA BE L DT i AR
THERE. FEIN AR 2% 2 A0 PR AR G0 AT L[] I Sy
ZAMEAFRA B, BRI AR T A
TACEAT R I AR BE I A7 N A TP 1 2 % 2 Ak BT
VB L N R AT 9 AT A T2 BT 5 e AR A
EANEZ B2 A B 6 LA AT 07 XS B B
(1930 73 AT 55 049 53 il » 045 20 8 ) 14 4% 20 A 55 22 1)
JURT RE M 24 A ST L SRS T I AT g i BOR BT
55 AT L BE.

T B R R IR AT AR RCR  — R N L
KA I L (speedup) 45 58 UM ) (9 41 55 76 .
b PR ES FR GRS AT T AR I B[R] 5 78 IR AT AL B R G
WIS AT T AR B I ) 22 [ B b .

4 HIEX S IESHE

TEZ M Z A PEER V- 5 LS IR ATAE 55 . Kk 2
B F B AR HEAT R 43 A0S AT 55 HEAT IE B B 23 A 1 A
A4k PR K A BEAZ O B AR AT RE X L
it S BOAT 55 AT BE A ST L Lok ok SR AT RE R SR T
VPR AT 5 00 PRAT AL AR 1Y AR Bl R B 3 e R AR
MAES e R A Z 2 M a6 LB 1T
AT R I A 55 4 il R RSB R o3 O i TE AR IR X
TS B R A N AE IR AT AR kL AT 55 B 2 AL
AR R0 A AR YA R 2R I RO S R 1 R
W A IR
4.1 HENHTE

FT T R R A8 Bl 2 M) R K R Y TR R
P o 1 R ARy 10 Jey b e DB DL R i 28 Pk o
Jo g X B AT LT AL L AR i 4 IR RO I R B Y
AU AT HE P+ AR BL A B84 2 23 A 18 e 30T 19 7 5
b ARSI 2 R HEF LU O 2 token fE4E 5 S
HR R B U RO T RO 1 S 23 2 A HE R T A
Ptk EAEATHY.

(1) Kl 24 8 30 4y

TE A% S8 1 K0 P A0 12 o by 1 R AT
ZER AR o doe W 1) R A0 300 23 T 3 2 R dE 4 i )
G« B 00 K 7 B 5 R0 A [ Y T B
X 45 R A KA 1) 23 BT A 55+ 0 A — AR KO H B 4R AR R
S AR TR] A PRI 300 2 1087 2 B Pk X 40 0 B A
55 T8 A — A Kot Y O AR B9 A R [R]. K B Y 2
3 o3 4 TR S CD B A e By Bo s By
JEXRAEAE S HEAT AR 3 R A B N SR B



10 4 S AR . BT 22 A% B 20k JBE O AT A 2 H UL 2327

g — B B B4 80 AR ).
JBI UB,U---UBy=S
S
IB,NBJNN (DO
B,NB,=J
1% G2 1) 5% 2R H00HIE e Ak B 3 T ) 245 ) Al
i g — 2R B S AR R R B — 2R B A )R R A
AN L AR [ DRI » 5C 2R 00 12 A O R AT A Ak PG 5
R v BT R A B a4 4 R o3 O NS B T A AR
X5,
51 G 1) 25 K A S0 o B B A 55 A ) L A AL 3%
FE AT P Ak PR A B4 = A B RO L A — AR R ot
AT AR i HEARAE i AR A TR]. SE B | A B — A58
P B A 5 Kl A B i 4 R MR B8 B 1 A SR A
FRARLIAE e A0 PR A 3 B b, B — 45 BOHE B9 BT 9 2 i ik
YBOPH A 47148 4 L 1 38 1 2] 2 25 4R A5 FT RE S5 2 AH ALY
A . A AR [) A ARLE 1B 0 1 2 1 Sl £ i 28
& token B2/ 5 M s 9 I RE A G B A9 I R
KHHTZ P Y token B2 GE X 5) . WL K& W
S0 2 iR HE 5 3L AR AT B 2 ok ok K s —
AR UE. PRI S AR AR AL H 917 A B 2 i PR T A He
i PR 53 07 1 2 AN ) A AL BRES A B AR 22
LN
(2) BdJ 1 2 4 X o
B UB,U--UBy=S

Is|
B, | B | E‘S/‘ (2)
k

DIPIES MPIESET

sn€ DB, 5,€B;, B,CS, B,CS, s,&85
Jg T RN i M 52 B ) Ab B 58 2 6] (9 1 2 4
7 % T A (0L 32 1240 1 36 B (19 1T 55 75 5 AR 4 0 o
b 1 AT B R 4y ol TR B R A
— JRORCHR AT A A PR RO A 0 288 P
token [ 2 /> A E FE BV ] — A {00 18 0 461 F 185 0
SHCR AR B 1 K B R IE Fe. DRI T L 3 AR RO B
PR 1 B 2 LR R I £ 0 000 5K % B0 4
ST 43+ LA SR A IE R )k B 28 - f R 2 4
[S|
K FFk Hfm e S P BRI KE R D) 5|4
|S|
B B AL A K EZRGERS D 5] /N
BN BB SR S R 4 1 B B i A B
(2 H I IE (B S T IE 45— A~ B

Y 52 B 1k

4.2 EFZHBAIE

H 7 A R 2R R 2 T A G R W RI s T — 2 R UIR
e Y A R T 4 e R R A 23 ) R R R L R R AR
BRAH M TS T 2R AT L
A Ab B AR AZ O B T LA S A - 2 R L SRR =2 IR AT A S
PLECIE A AT HAT. A SCHE T PRI [ 14T 5547 1
J5 s (D) FLmE RG] 177 1 FHorh AR R A A A A1)
ARG AR R IR RG] CNE 2 iR s (2) MR
U7 E R H G T B 1 i 4y R R 4 T 1Y
B B B B Bk ST R 5 Cn 8l 3 ).

(D) HZ RG] 1 7

TR G J5 vk v i R R R Bl A A
LRI RG] IR IR AR I R R S L IR ]
ARG HERRAR 5 ] P 4R 4 0 15 8 o B R AR 43 Tic 5K
o AT EA 0 He R 51 L R R A AR
B0 5 800 ) 43 A BORE R). DR 2B 0 2 A4 R AR B
Hoor Wi As B0 s e Lk =R G H L R 2
AR BRSO I AT AT AR L AR 55, i 2 B
RSB VR GI REAEKRE TR —A iERR As ]
T 97 T A0 3 R 51 K BUHE R o AT 55 . 2 A 2R AT LU
Vi [a) i 8 25 (8] N A AP e R 51 R A AL
T 25 0] 23 4 2 0 VR B B AN Tm] A Ak B 8% A% 0 B ORAT
AT,

HEFEAE(A]

BRI
BRI ol 6]t P

S % § et

Ml 2 Y2

HHEHe3 7 2R3

B2 JRmRINITE

(2) P Sr B T5 ik

M7 A G Ok R R AR R P A E IR AT
2 e 1 R0 Xt R a1 AT R s SRR IR AR 5 R0 K
3 R0 A TR 9 R AR . A M) P o B 114 S a0 e B A o
(R 2 B O Y 23 (R A 52 i R )L dniEl 3
7. SRR 2 T 0 50 Al 1 R S AR R T
23 (8] S AN RE O H B 4R AR T B4 DT[] B F 22k
FEAE [A) — > FERE A5 0] 4 57 B R 51 1R R AT 55 12 [
— LA T A 8] XA AT S5 o n DA — P
2R e 2 [) Bk S
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wiga | ETT [ ] am
AL
L [

Friin e gf T[] e
4l L]
ﬁ'ﬂj ee ee

sy | 23
Ell

K3 mar w5k

5 EBETZHFITHMERE

A CLL PPJoin~+ Oy A0 Ry FE b L an gk 1
Fifliik. PPJoin+ 8%k EE A 3 NS B WER
SULERGIDL LB UE. ARG WS BEh o8 T
W IR R A RN R T 3 Rl UE vk K
U8 T8 A7 A U R I SR e . AR A AL AR
K BE 29 T 0 B 4 20 5 AL B S K A 0L B
HEAE G 35 09 7 B 40 SRR IBLIE A 1) 508 X 43 O i L 8
FEABL A H 4] 43 3 8] — A~ Bl B, DL B 3 A5
BRAR AT LLIRAT MO AT. 76 TR A 43 B A0 AL 32 04T 4%
SO FEA L 38 2k R AT 55 o A RECHE X 43 O ik 4
B EGZ BT G IFAT AR AT
5T Z R 00 A7 A 003 4 O 1. AR AT 55 40 il O
AT S AR 35 43 S8 3R IA7 FE B3 2 1 HL AR S 3.
5.1 HERS|IBHITHLERE

BT IR G I AT AL #2071 TE
P 4 Jry g | R ECHE ) 43 - 2 R AR i 4 TE 1) 2580
Yo R 5] (7 B IR AT H BRAT AR AL 3% B2 AT 55
FRARAERN 73 Z A0 AT T BG4 38 2 HE T . AH A
R B35 23 A A I 3T B 7 B R0 22 )5 AN T 1 00 e
P S [ B 4R R 7 AN [) B4 Ak B 28 A2 0 B R AT AL BE.
TAEARL (4 B A T BB 23 43 A LR AR SR Y B, G R AR
AL B R 3 TR B A5 4 B M PR A Bt Bk e i R 5
WHIE S SR a R E R N T XA
R, AR SO F AR AL B B 22 [ 1 K B 2 o0 A R
Sy Te TR G |9 4 0 [ Ak P AR S R s Y i R
Z AR R E A ES A M A, W0
Bl 4 Fros. ARl A, BT D5 a0 R AP AN A X
ik Hop TG R ¢ Bt (8 HE S 2L 1R ok
I EH P B, Br A E B0 16 126 T R A ) ) HE 5 3
IR B B &R 435 1L 1o 1o B — NI s 0L, Sy g
I HES e T, T R B AR S Hh il k.

s€B I[jlel)
FZU:'):{I:D] | S [ <max(|s]/0),
sEBLLIETL)

JAl AD={LLjII|S:[j]| =minC|s[*0),

3

ratid il

|
5452]
iy

[Setele

T

5%
25242

R
P
o>
h
3
/
/
\Y4
&
o
w

B4 g amLE

Fie B8 1R 09 05 2Ok A~ LR S TC B0H0E B SR g
(92 5 | 4 48 910 B R 7 4 4 R 5 R B e x|y
AN 2 Z R AT BE B 45 . An SR AR IR 0 3 1 SR %
K AR Perb il TEETE N A B2 =0 TR
ER oA 2 R R g5 R

H T 2 e BRCKC B 35 398 1 WY 2L Y L TR SR
252 IR b AR v AT DA PO B2 Y I R AE
— DR R . B
FERRR T A b, QR 1Y R
Ay (1)) BT SRIE K BT A 45 58wl DAk 5 8 4 3158
GIENCROEEETE

&£ 1. PSJoin_SharedIndex(S,0,N).

A BHESE S BIMH 0, REBEAEN

i 10 REABLBE AN /N T O B B X

- EARR Gy

. FOR i=0—N DO

1

2

3. B;,<—DataPartition(i);
4. //RFIH

5. FOREACH s in B; DO {
6 T?<get prefix tokens of s;
7 FOREACH € T? DO
8 I}.add(0);

9.}

10. //45:5%5 47 fg 5 AT

11. FOR i=0—N DO

12. FOREACH ¢ in U DO ¢{

13. Il.range<{A, (IDUI};

14.  Thread_Execution(&.JoinThreadl, &i);
15. )

LR B AT AR % 2 5 vk 1) SE B A Yy n 5
#: 1 PSJoin_SharedIndex 7. B 56, £ ¥EFEAR 42



10 4 S AR . BT 22 A% B 20k JBE O AT A 2 H UL 2329

FHE RE AT FEAT AT 55 1 R FE S50 N OB i A B8
RS KI5 N EAH BRI (A ~3 1), K5 .
FEHEA GBS B AL = EHER S
XF B SR s BRI AT T2, 0% T/
MR — A0 ¢ A B0 B HES 2 T, (4~ 8
). fea » BV B A KR B S PR B H
T —E P RS 1. range(11~13 17) , I )3
3 N DML FLHAT JoinThreadl. G — L FEH H &
HEAR 53 TE A 0 B RN 5 AT 1 1 R 5 1 L AT b Bk
AT AR F2 AT 55 - AN SRYE 2 P s HLAR B SE 4 1 2
U, PPJoin+%,

&£ 2. JoinThreadl (V).

PN R

i i+ ARLIE %

1. FOREACH s in B; DO {

2 FOREACH ¢ in T? DO {

3. tmp=ProbeIndex(I.range) ;

4 Candidates.add(tmp) ;

}

Veri fication () ;
Out putResults() ;
.
5.2 M ESIMFITHELERE

Fe TPl N7 R G IR AT AL % 4 Oy s, AR R T
B s iy 43 22 288 A 43 G A B0 B 9 T R A
SEEYJRFRE G| I AT A RLE HAT 55 . i T AR B9 B
35 AT RE 43 A 7E AR SB A B b, PRI b SRR A A
SERGITELRRRN TS h ARy e AR BT
). PR s S RE R FH AN 4 Hp 18 Dy 2 R fidk e 54 Rl o
A HE S B0 25 I In) R A X 3k A ) R 7 HR 3 il
3 A B A Ry B — A BCHE B B, Fae BEAE B SR i K
2y G IR 4> FL A O, A O, L AN 5 TR

il 5

co ~ » w1l

,,,,,,,,,,,,,,,,,,,

HEE
HmHa

5
4
T

B 5 s R

8 (BH={s;||s;|=min(|s,| %0 ,s,EB;.s5, EB; ,}
8, (B ={s; | |s;|<max(|s,| /0,5, EB,.s,EB; ,}
4)
AR SR S Bl e Bt A O
FR T R 23 LA 0 F 0, 5 s B B bl sRAH LY i
S EAE 6, (B U B, Ud, (B . G S ] F £ Bk
B, L)L S S Fi 0, ke ity st ik N 1 & g1 AR BAT AR AL % 4%
R 2o AR Hh 2R B T AL BRI B B b i B Al L R
B vb i) s — 45 B0 Y 2R 25 A AR s [A) N Y
SR G| RV GRIEAS 2 45 1. G R AE 1 3 R 51 B 3k
B e BE R G R B 00 1 0, o i BEAE i ST Uk A o B
F 7 0] 1 R 2 T ofe 5 OB 4R
H T AH I8 1) B Al He 2 1] Y T AR A A L A
F6(B) UB, U6, (BO MRS Z Mt &4 &
5. P SR AT AH AR e i B b o A L RO
A EE R RS R. h T DL B RO AR L ]
DL P8O 46 A7 Fe 9 4R, A 01 (B U B S AH
AR A DAty i 2R 51 AR PR R DL 3 4 0 3 R P A Al
I ZR 51 RIAT A5 2] 4 Ep 45 L
&% 3. PSJoin_IndependentIndex(S,8,N).
A RS S, BME 0, KRB N
i A ARLBE AN T O R B X
Lo/ /8RR 5y
2. FOR i=0— N DO {
3. B; < DataPartition(i) ;
4 B;.range< {6, (BOUB,}; }
5. /MRS A RS AT
6. FOR i=0— N DO
7. Thread_Execution(&-JoinThread2, &) ;
MS7 AR T AT A AR 3% 4 5 2k ) S BN Y a0 5
#: 3 PSJoin_IndependentIndex 124 % 4 JoinThread?
JiR. Hoh Bk 3 & h 32 AR G B 58 U AT: 55 AR AR
FHP 8 E TR N BRI 3 i N I 0 15
— AR Y B, Ay BCRC A 0 F0 O, B 8 B — R AR
M7 R 5] Fr Z A A BV B .range (2 ~4 47).
RIG a3 N AL IFAT AT 5k 4 P igE 55
(6~747). 7E5E 4 P D AR HE WS B, .range
PR B — 2R s RIBOHETZR T, 074 T/t
—MICEK ¢ IMABMEHESN R T, (2~5 17). LBRTER
AT AR DL 3 4 55 14 oo v 25 8 40 PRSI B B,
MRS (8 17). XF T84 e B b i 5 — 5 8dl s 4K
ORI T A TIh oo R £ MR T2 1)
Ak A7 R 5 115 B 10 S X (9~ 11 17). FeJF - XF
153 B 9 f i 10 S E AT 300 79 2 A AE AL AR
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. FOREACH s in B,.range DO {

JoinThread2 (7).

1

2

3. T? < get prefix tokens of s;
4 FOREACH ¢ in T? DO

5 I}.add();
6. }

7./ /ANAT AR R E
8 FOREACH s in B; DO {

9 FOREACH ¢ in T? DO {

tmp= Probelndex(1;);
11. Candidates.add(tmp) ;
12. Veri fication () ;
13. Out putResults() ;
14. )
15. )

Tl G R AR B HE B A0 A A R
G 0 B — A HE S LR — AR B %R B
I HES R A I 4 07 B B PIAT 2 R A AT (B 1Y
KIEEZHA KD I8 EH ARG 10 % A 1 B 22 L%
[ (2 1R 51 22 14 FE 70 A% . SR 2R e 2 i AL B Y 90 R
KD L AR 2 A8 1 B HE 5 R 10 0T #0782 B 48
bR AR B 3 PR ARO[ L o« 0 | g %
JITAE B B AR X TR LR B . A £
HES R A L B b NS — AR L o« 0 | g %
JIAE 9 57 BT » 2 24 BT IC SR BT A8 19 o7 B 45 0. XA
PRAE T [6] — /\{iﬂﬂFﬁU%‘%EPE’JlE% 1E AT 1Y i e
Ho il —
5.3 %:ﬁﬁ#’r

AR5 T PR 3 3 T AN R AN (] Y R0 3 o3 O
T AN BR AN [ (49 4 55 20 i D7 3% T AL 45 B 4 AN )
(9 47 AR RL e 42 114 52 B D . AR 1 32 48 KL i A vl
SR S BT AT A (D) Bl i d ikl o 5
RGBT s (2) Bods 1 B 2 i X 2y 5
SEER G IS BUT5 3 AR B A R R AL R T A
FIRHARLZE e AT T 0 0 1) IF ) A i 388 5 4
BARE Q=S| N LA T cip s cip e 575N
RGBT I LS B 5 (8] 5858 B B 7 2 G A I
]y, By 435 LA B3 iz 5 5 R8s 1 5 Y L
SR

(L) Hiodle e 4 ) o 5 36 22 3R ST Y L85 5C

ARG A AR O A R T B AU 5 5
i S A B RAE T R T IR AU

EQSI E“Sﬁ‘XQ’XL,

*E{lLi‘%EI’JTﬂﬁaiﬁjv N AL IFHAT AT
S PAT (Y I TR] ply PAAT I ] i A R T . AT
(19 3 A 5 P 3 5 — IS i 41 R HE R 5 | E
HEd I — o0 4 i R A 5 ok e 4R A o R 2l F
FrBE. i TR 2 28 BAL B LU R 1 B R ik
SR L Py HE Y S HL A RO SR i B A
[ 1197 5 R 2 AT B[] 1 1) 2 i ot A B B s — > K
Ptk By BOZRAE B F R R T |8 5 ok 1 4R 14 i)

I g
CptM =Ly,  XBXc,
Q
= 2 |s; | XBXc,,.
i=Q—Q/N
Horr Ly O S Ji — A 508 S v B8 v SR

Bao ot BB 0 Q/N L th F RS 058 e By
L B A RO S B K R TR 4 L, | >

Q
Silsl/N.
k=0

RG2S Y AT RO Y Rt 4
TEANT JE A I B8 T3 3% B DL T 318 51 A I [a]
PE TR AR B R/ BT L 2 RO S ek S R Y
Bl iR & 2 B W AU S5 38R 51 i AR R
LU 55 25 A RO B 4 BE BE. R A4 L 2 iR L
e B 5 B Uk Y I ] AC H A

Q
Citst= >V |5 [ XBXe, X |s; | X7 Xe,

i=Q=Q/N
Q

=BXe, X7 Xew D) s |7
J=Q=Q/N

R4 W52 B T7 2 2L Sl ik 18]
CEQ*S] — C];;}SI _'_CIFI()}SI _’_CIE;-}SI .
(2) e K ¥ 30 50 5 i 7 28 5 1 S8 B 7 2K
OO ¥ A ) 2 1) T 3 7 4 Bl R o s

Q
(g R BERRAE I 5 D) [ | /NL B 4 B AN R R AR
H 1 CA I B e B, R B O, A0 0, Hg 2 A T 1Y
ol X AN O A O, A F B K N T
B.. ##R 5| i il
Q
(EDMJ/N)XanW
S 1) 2 7 3 A 4 1 B ) Sy

EL-DI __
CIB -

C%mz(EjhA/N)xﬁxaw

k=0

RGN LR AL B A B B B, b &5 A 1 %0de



10 4 S AR . BT 22 A% B 20k JBE O AT A 2 H UL 2331

N Q’v%ﬁl?ﬁﬂ@iﬁﬁﬁﬁﬁ m.
a.Co Z |s; | XBXc,,.

LFEIAT Y HU@ITE g ES TR RS
i 5[]

ChP = Z\s | XBX e, X |s; | X7 Xeu
m+Q’
:,BXC,,,X}’XC“Z |s; 7.
TR 2 s 1M 52 B Ty =25 B 1 B B ] Sy
CH P =l e 4 C
ik b o A ET DAAR B M AR L CY >
CiyP,Cies >,
Xt F C™ s i B 48 2 e HR K 3o 18 1 vk
FE A o A R B0 B 35 A 500 43 ) O 9k 6D B B AT
X153 s 5 I — A 508 P b 8Ol Y B B K T
HE B Y A8 1) 7 145 B 10 S B0 B i T KR
B2

> 1o =23 a1 /N)

j=Q—Q/N
1 .Q,<
:N2xﬁ<2‘sk‘) .

R CH 1 T B R 5 I I
RIS GBS B o RO 0 8 K R R B
A I o TR Q1

m+Q Q )
ZM— M/N M< (ZM).
.Jﬂﬁ (11-:;351 (EI -DI
L BRR RIS, CFOY > CF P U K B ) A )

o35S RS2 B a0 T8 B X AR o 5
MRy .
5.4 R-SHITHMERE

T TE A 9 R 0 A DR B B AT B Ry 52
Iy 2B A 23 . A 39 18 3 B A S (7] 19 25 s
LZRHAT R-S AT E ML . 5 B %
FEASTA) B 2 o P A S [R] 1) 5080 4R 22 ) 1 40 4 0l 2
AN A1) 43 B 2Z 18] AR UE A JBE 29 JOR PR UEAS 2 2% AT RE
A5 R, I, 5 6 R B b i R-S i #5228 LA
Bl WRMANE. ARG Rk — DR R %
HRSZ B 4 5 2 HEAT 85008 R 40, B 4R R AR 43 45
T B4 S 1Kl 4y

TR AR T3t %%%lﬂﬁﬁf*ﬂﬁﬁﬂ’ﬁﬁu
BRIk R B 43 07 S T S
(177 AR TR s S8 05 AT a4 S gl 3t ?E’J?%%I

B JE A R AR St HATHE R 5 93 .
TR AR Tt Sr R 51 9 07 92 IR AT AR Bl
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Background

In the big data era, the main task of data management is
to process the large scale and heterogeneous data from
different data sources. During the process of data integration
and data analysis, there is a need to join the data that refer to
the same entity of the world. However, we cannot do that by
using the join operation of the traditional database, as there
are not unique keys for these data. So, the similarity join is
proposed to join the data from different sources. Similarity
join is a primitive operation that widely used in many applica-
tions. It is used to find all similarity pairs whose similarity
are not less than the given threshold from two datasets using
the given similarity functions.

As the development of information technologies, such as
Internet and mobile applications ez al. , the scale of the data
is increasing vastly. In order to analysis large scale data sets,
there is a need to improve the performance of computers. So,
the architecture of computer with multicores and multi
processors has been invented to satis{y the increasing need of
computation and to improve the computer’s efficiency and
performance.

To our best knowledge, all the existing similarity join

works have focused on devising complicate algorithms. And,
none of them has exploited the characteristics of multicores.
Several works that focus on traditional database operations,
such as hash join, have demonstrated that they can achieve
high performance by exploiting the parallel computing on
multicores. Inspired by their works, we proposed a solution
for parallel similarity join based on multicores to improve its
efficiency. By the fully understanding of characteristics of
similarity join and the modern computer architecture, we
proposed the methods for data partition and task decomposition
to improve the parallelism of similarity join. The extensive
experiments have been conducted under different conditions.
The experimental results demonstrate that the solutions
proposed in this work can exploit the parallel computation
capacity of multicores efficiently, and then improve the
efficiency of similarity join significantly.
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