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Abstract: Existing studies on parallel spatial join query mostly focus on algorithm process. Few of them pay enough
attentions on implementation and application research. After analyzing existing algorithm process, parallel spatial join
algorithms are divided into four phases which are parallel candidate tasks generating, assignment, executing and results
collection. Each of them is designed and implemented on a parallel RDBMS cluster which is built on a apen-source project
named ‘PL/Proxy’. In addition, to implement parallel computation, mixed computation migration ‘method is proposed.
Spatial extension function is implemented to support the spatial data sets operation on the cluster. Result of experiments
using real data sets shows that, the implemented algorithm gains near linear speedup when data declustering scheme is
optimal. Moreover, speedup is also gained while significant data ‘skew caused by data declustering exists. The data
declustering scheme is replaceable for improving,the algorithm performance. A practicable solution for parallel spatial data
sets management is provided in this paper.
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AW IT BIESRIRE, HTBEEEERS
(Parallel Database Management Systems, PDBMS) & 5
NEEBERENEIETE CLLXEBAE T 20 &M
HAKEEEHN, SUHEBRAHATXRABEFEER
BELSHEY. 2AHREETRNEXFEEKEX
& (Spatial Data Types, SDTs), XRLXRETEJAFE

© I H K BRI 5T 41 (863) (2013AA12A403)

HEENSE—ER ARXARESHNZEEESIH
ZEEBEEE, KXRBEEEMESRS IR+
TRRBEELARREER EAEENAEIHTZER
BEEEE, BAREREREERN K= REBE
EEl &I

% 5] MapReduce fRIEERF B ZxF, HEH

WA i 17]:2016-02-19; L 146 i s i [7):2016-04-19 - [doi:10.15888/j.cnki.csa.005462]

Software Technique « Algorithm #FRAR « 573 233

© TEREEBIK AT

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



i EONL R g

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

2016 4F #5253 & 10 1

TEEAHES TR BESR T ZHEY BEEES
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R, BEEHERED

4) GERNENLE

RASPASERREEET SHRTEHR DK
HOTEEMRATENRER, BENAREHTE
RESTALBEEERAE

M 2 FR, FHBRENKRRNEAHED
ZUERARIHASTNT AL, MEFLANSE R
(Round Robin). B%, FSHEIRESITRLH
ARATNBRRETS, SIRNEIRFFEE MRS
£ AR, REREEFHRESI AFFENT R, R
BRMPEEE SRR PMRNNEAXREIFS
B OSBREESEIRIAZ M ET AL, EENT
REMTERRE BENEHEERETHRCET

A =2 cli= S ResE HTHET GRS
Input data Candidate tasks Candidate tasks Join query Results
generating procedures procedures  collecting
<R,S> £
RS | g n’e‘fisrnbu[,
oy

Join proc on

<RS>

2 B oy B R AT A AE R SRA iR

2 BT IHATHORE AR AT A R R
5N ‘
2.1 FITEEEE
WE—FR, BEEEEESIMNTRLERHAST
ESECE, ASEESPE. HTEBURLERETRE
EHMSRIE HXNFRNZEBRERE —FHMK
f9 Z2 (B B 43 AR 19 SR BE AR EBA = — N NP [AIER, X.Zhou
ZARIEEZEEEPEABRINS KT LML
Hit, RXENBEENBRESNSFRT, ETEH
MR HITZE R E AR
BAEEAEEHRENS XBT, REHE 2

WERHELERBES 2 TNERR, FEHEE
TUXRRWERAEFHETFEMIET RSP, RsIx4A
mE:

EMX. 2B FBM Gli= <lyr_name, frgt_no,
i_node, extent, wk_load>, #fKARRERE, 7hHES,
FIETETRES, 2N ZESEE M WA

Bii 1 RHEREENEECRETENTE.
HA@MASHINL2RZEARIEESINTRLEER
. EASFNZRBEENZRD FWIEERR,
BN RZEERS|IFHRERESHS HFHERND
ERES RIS, B3k AssignCandidateTasks 1R — &
AT DB B HIES 5.

®X1 RjoinS HITESEMBREZL

GenerateJoinCandidateTasks

Input: gy, Go.....Om : tuples of global index(GlI)

N4 J5y R 510
local_inode : id of local partition  //3H5L1T g
R : spatial relation R 73R R KRR
S : spatial relation S IENEPEE
P: join predicate IBEFL 1]

1411 25 5 X B BT Ci = {<Ry, S, K, E, P>, k =

IK3.n}}

Output: Cy, Co...... C,. set of subtasks C

Begin A

for g k from 1 to m in Gl do

if («.ly_name =F5) then

for gy h from 1 to m in Gl do

if('Oh.ly_name = S) then

if (intersects(gg.extent, gp.extent) then // build candidate

//subtasks
extent:= intersection(gg.extent, gn.extent)
i :=ge.frgt_no, j:=gi_node

m = gy.frgt_no, n := gy.i_node

C: := <Rjj, Smn, -1, extent, P>
push C;into C

/lcandiate subtasks

end if
done
end if
done
AssignCandidateTasks(C); //assign subtasks
End
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HNF P EAESKHE, 1O HERFEENM. TBL
REFRERTRABREEFSIBEL, WBEARE
ZFNEMEZNRNGITERS HF
GenerateJoinCandidateTasks EFFE T R L& H 1T, H*
BEfFAHENTHE RitFEHEMNRESE &
RER BAFENT R ERHTRIEES B, BR™
HEENES.

i3 ETRZERABEED MSHTEEMBNNG
KB, EZHED, EIMNTRAREBEE-MBRERNERE
HESE, #TBREES A ARSI BEIAERTIN
TEHBESFFHEESPX L, HEUAHZEE RS
BEMTERERZRE BEAEZR BTE-—HERY
FENREECRERRXENZEX RN S FTE
B AREBEEETUESMIET R EHTET.

BEE3 HEVRELMEEEE

if( Spn.n = K) then
tuples ResS := GetLocalFragment(S, E)
else
tuples ResS := GetRemoteFragment(S, k, E)
end if
if( ResS = NULL) then
insert ResS in to local buffer;
create sptial index for ResS in buffer
end if :
if(ResS !=NULL and ResR !=NULL) then
/ljoin relations and return results
Res := _ResR joins ResS
end if
End for
End

SpatialJoin

Input: Cy, C,...... Ceng: Subtasks,
C=<Ri,Smn, k, E, 6>

local_inode : id of local partition
Ch.Rjj : fragment of R in subtask h
Ch.Smn © fragment of S in subtask h
Ch.k : target node id of subtask h
Output:
Begin
for C,, h from 1 to end do

if( Cy.k = local_inode) then ‘

if( Rj;.j = k) then . //get R fragment locally

Res;, Res;....Res,: local results of R join S

tuples ResR := GetLocalFragment(R, E)
else
/lget R fragment intersecting with E from remote
[Ipartition
tuples ResR := GetRemoteFragment(R, k,E)
end if
if( ResR = NULL) then
insert ResR in to local buffer;
create spatial index for ResR in buffer
end if
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PostgreSQL H{THEESFHNFHNENRE £F
EFFAR—ABLET PL/IProxy iBEH PostgreSQL AR
SHEARETR. RERBEEENFRSREFIRN
BERIEFRZNTRP, EEMEETRENTER
WiERK SQL v RERET KK PL/Proxy EEE
ENEY, BELEZRIMEBETRRENEREES
B B IRMER PL/Proxy i3S RE R RS {T
BRI FIREE FRPLPrOXy HATEHEWT R
(Spatial SQL;, SSQL), SSQL FERMEEHREHTE
£ RRCE R 22 E R ERN ST E IR EREN,

HEEIBRANSUHETLAERANMKSE, AXTF
BEIR, FitEIGISERIREFET L4
TiHE, BRRL T RZ AR REFE. HFIKH;
HEEBNARERM, —RHRARTEFNIE,
MBERERERAINIT Java AIMITREFSERME, T
¥ Hadoop & LW EETBREERXES RNEI,;
5 —M@EREMANITIR, EXRBEFHE TS Riak
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EHAHTTR, BRTTRIITRXI, 5—F@E
BEFELSER, EENMNTRKLBEH SQL REMEZ
EWESRUNRSRHFRIERIN. AT
TRHBREATLIRNZRARERE Bit, 83
ENTREEEBBZRAFMIEND, TR B
BEADAFERRIT.

While(1) do
if (isBusy(conn))
break;
if (! SRy = get_another_result(conn))
break;
done
End

Local procedures Local procedures
GererateJoinCandidate Tasks GenerateJoinCandidateTasks
AssignCandicateTasks S| assignCandiceteTesks
SpatialJoin SpatialJoin
| \\vl Local procedures
[ — GenerateJoinCandidateTasks
Dta ‘redls'tn bution AssignCandidateTasks
SendSQUby SpatialJoin
GetRemotgFragment 5
Local procedures | o O T
CererateJoinCandidateTasks
AssignCandidateTasks
SpatialJoin -

Data server

B3 g TR %

WE 3 IR, FSREEEERBAMITMGER
DEES, HMHSECZENXRRRPNBIED ~#
MEUETRNEAXP, ZEBREHTXREEE
R HITIEEE RPN E 2 (Data redistribution).
AXFFET PostgresSQL 7 R IAI B IE/L M B9 R S5 Im 2
WMEH. FHRIR, FERRESE Cn=<Rij,Smn, n, E,
0> Z=RIBIE S A Rij F5 Smn R M THIE
BEmIATRLE NEHTT—FITE, BELAE
EHBMEENT.

k4 RSERWMEE - T SE R BEA R

A E R GetRemoteFragment

Input:  Ry: fragment i of relation R on partition j

extent:  extent of ; Rjj intersecting with S,
Output: SR : result tUpIes of intersection of R;; and Sy
Begin
//Get connection string of node j by querying meta
//data using SPI procedure

connStr = GetConnString(j);

conn=  Connect(connStr); // connect to node n

Status status = SendQuery(

conn, “Select * from R where

st_intersect(geom, extent)”);

if (status != OK) return NULL,;

REBENREBEQRERINTR: BEAREBEESRK
BZRET RNEZEFZHHR TERBYFEA SPI #QO
EHEHABEESEN,; AR, €A libpg BF R
BENSTENEETERE FRIEERN SQL M4
RAZBRITEY RBT, HRERBWERTAE

FRIE B 23 (X B % 0 T8 Z2 8] X3 R 7E 22 (8] i) A A9
BHERETIEEN I XALENXBEOEZ—, £
N X EENBES XWZEEXNR2HHN &R 5 ED
AN CSHEALRTEIEEETANRIA.
HXIZRE, AXXAEFTRS X LF#EIEX, HiB
HEHRLEDT AEADA Hash RNEELER#TT
EENAE, ZAEBEIEZAS Hash BB ERE SN
IR E T4 M ARIRIA B IR £ B R R

3 S HT
3.1 RIINE

M9 MNLET 64 L Cent0S5.5 BIERZH
TR, FTABE (4GB W4F, 2.49GHz Mz
8). Hh— AR KBS S ZRET R B PLProxy B
HITZEEHES(SSQL), ERNHABETR, &
AT R EHZREE PostgresSQL 8.4.4+PostGIS1.5 fEH
ZERIBIBEENRS ST S(IP 7 192.168.111. 150-158).

£ 1 ZHRBES

AT i LTSt i
ki £ 62391
W J=1 3542

SR A Hilbert+Round Robin Bk#E% 4 =M,
FRABBEXRNMINABRESEES, FHEMLE 8
ARENMNTREHRFEENNDLBETEY, ZERL&NYRT
BEEHEES FPNEERBLEFEFENBNAR. &
EE EARIEIREW Hilbert M BUFHIEEN 2 K E
HERMN D H, HBIE Hilbert REBX 2 SHTHRF, B
BEFLEHNESH, BETHREESH D FARAE
BEHEES X, &EMEA Round Robin FiE[ 2 X
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AP EEFTRAN TR L BN ATEEEANE
B R, Z=EXR Hilbert mRBITERAEBLA.

SR, A PostgreSQL AYIG AT RTINE XM
SRt SR E 6 R BE, IR R A/ ERATERS
BNREXHFRE. ENTRLEEE T XA
#Y 3K BUZ 72 77 = 3048 19 B 3 (GetRemoteFragment B
B) ZEEZEEZRNIEHRIEBBEZAIATAL.
EFRESAASEERET A LNEBHHKKAEA
ERER, REVTRATAASNMI YT RNES RS
MiEEEN.
32 RWRERST

RItHBHTTHASRNOT:

(1) =¥—

O ERWigE

5 A 4R B8 I T BIE R, R4 AR " 10km
SEENARBEEZSHE T, /A Hilbert B X8k
WIEHITRANS. ERMET KN4, FREHT
RBBEIBIEMIETR L

@ EHRER

EENMTREWITEE, FAT 39.85;

EBZTHIE 12.1s;

EHPENRKBET SFEN 1175,

HATHELE 39.8/12.1=3.29.

(2) =8=

O ERBiEE

FERREE M T BB E, ER W™ 1km
SEERNEBSBEINET. 23EA Hilbert B3t
CERERRIE T BEHTRAK Y. EREBET R
8.

@ KHER ‘

EENMTRERITEE, FE8T 250.8s;

S E Lz TRTE 140.7s;

ERPRENREBET SR 139.5s;

HATHE L 250.8/140.7=1.78.

RR—FEHTREEEEINTRLEER, F
FERHTESH, BEXEREEH Hilvert XD F=4EMNE
RERABE, EANBREEXNPMIZRPIIERT
FTRESFNIERBEEZHLRN, EXHEEBERT
HITRGIRE 7 3F LM bR E

R -_HAIMBEESEHTERNY, XA
BEXNMIAABHENER, “RE"BELEENS
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i, HT&ZEANRNERESR—, SRV AKE
EXPMET—H BEBENERBLEETRAN
ER BRESERBBNEREANEREEL 5 EHNEER
(BT RLEED XBERNER T &P HNE 10900 &
iR, MERZHHEE 51727 £BE). TREUEEE
RPMANBEEN, BENIERIAKGEN, B
RUBRBANEEN, FETFENAREAHN, &
TEAZANEZIENRENT SRS XA,
BN A SARIEE LT, BUERS
B EM BT EA T, BfEMLE, BIAMIRE T —F
9 IR LE. \ '

GF ERENBENSFRT, YBEIHE
BHRRT, FAEZARBUEL MR NEL, BIFE
EFRBENBESFERT, MRET —EMN XL
SN, FEEARAEMEERNHSARGEHE LR
TR BHNZEE, RAEBRIESOBEEKANT.

4 Sk

BiS1E PL/Proxy ¥I2 Y H 1T PostgreSQL xR
EEEH IXUUTEEIR, ZaTFEBSEXBER, &
EFISUTHTZEERETRAE L. IRRPET
BEHNBENDERT, SN EEEES —E M HNE
kb, BEEAy BYE, ARHTEZRAEAFRREHRT -
AI{THYSEI H =K. '
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