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Abstract: This paper proposes a multi-query optimization algorithm for pipeline-based distributed similarity
query processing (pGMSQ) in grid environment. First, when a number of query requests are simultaneously
submitted by users, a cost-based dynamic query clustering (DQC) is invoked to quickly and effectively identify the
correlation among the query spheres (requests). Then, index-support vector set reduction is performed at data node
level in parallel. Finally, refinement of the candidate vectors is conducted to get the answer set at the execution node
level. By adopting pipeline-based technique, this algorithm is experimentally proved to be efficient and effective in
minimizing the response time by decreasing network transfer cost and increasing the throughput.
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KR M S ER AR R E LT EESA
FEEHES: TP311 XHERFRIRAD: A

InternetFl £ BEAK B A (1) 30 & FRAE 13 25 i) 25 B2 OF R P B WD 40 3L 9 28 1000 0 22 1A A R L)
VBT 5 18k — AN F R ) A0 T A R B v L A PR B RR RN A s A R T I BOR AR T AR Ge 1 w4 2R 5 | 5 a2
ECHE A 5 ok e 2R 51 4544 201 5 AT ST MR I 7 2 i SR I DAL R AR s A PR e I 1 B MR
AT 3 A M) SR (query request, fiiFRQR), BRI O, 0, F1 05, 7] BLUE HH, 01 Rl Qo A7 1 — 2EAH G (HH A8, 1K B R A " EAT
HA AL R Xk B 1 A B 525 o). i & 95 0 1 Qo A3 ISR 1Y 3 ik At e % LUt = 1) = dde 58
FCCRI 2 70), 58 5 0 A A 1 A o) S (4 A 7 A R I B AT TR AR DGR 3 LA T A AR AL B O 2
WAL (multi-query optimization)!', RITA I /7 25 14 ) £ 82 Sl fie i 25 W P g

R BT W o G N el {0 P W o (T W7 = A G = O R o 7 DSl U 1 N o i s i Bt
HG i A B U S R R B P IR ) DR PR 1 R T K B B R 1 a3 A AR L v ) 2 AL T v ——
pGMSQ, LA 2 35 48 i 73 A XA B A 8 6 K ek f. 54 8 0 A0 X R G ), PR o (1 45 i B30 e i (A g
ASTF) 28 ) s L B3 O W9 M R U5 FIE R S (grid resource management system, {7 R GRMS) 3l 725 5K & FL.pGMSQ
THII B AR PR R ILAE LU R PN A7 T 1) PR A 20 2 AN [) A 1) 0 S 1R A S Atk 06 T2 2 v 0ds s, i R
T A S AT R RN N a] HLIR ) [L.2) AT AR SR BT A 0 T 2K 2 O AT B E R e,k — b
e I AR 2R A A R TR A W ) AT A R TR R T S ) 1 PR A BRI

HT N IR kR, p GMSQEE LTS 3 i ST HEHIR, G B 25 A 2K SR g 2 TP 0 B (centroid ring) ) 671
I HUHIF R 5 SR ) AR 4ok 18] 2 A RS BR 45T 1) 22 AT AL ) RO B AR T FH P 3 28 — L i (B m
AN ) o B H 2 AR B A 45 AN, pGM S Q525 1 ik A< JEAR T R 2 g, A FH 2 T AR (0 3 2 A SR SR RN
FEAZ BT W AE 7T 45 052 HEAT DRI A I AR R 19 31 0 7 R 8 R % B M 45 05 )2, 47 3L T iDistance™ & 5|
(R ANAH 5 ey 4 1 s (1) RT3 i A B 2 i, T 73 280 (1 0 328 1 et 126 B8 BRAT 46 i J2 I FAT MR AT SRORE (BB 15 7 57)
PRAEAS B 45 5 m i, Ho X2 0 45 R0 8 1 GRMSEN 2 IR 35 i K 4 R ] ik (o] 259 45 jON,, 1X 28 7 vk 1) H
1) 2 95 2 I 20 A i 1) AR DA B B v 2 ) 10 AT 0 A 2k — Mtk A 0 Tk B 2 4 DA A S PR ALt 2 1

A D2

—_— —

-~
<
Data node . E’ Ni\
N 5

level I/ E
<
sy @\‘ g ‘""',”
N, . T

Qui?\',:lode % '/ g Ne?'\‘\
< .
\ N Nf-'

N, C 7/

Executing node

Common part level

Yo DI
Fig.1 Intersection part of query spheres Fig.2 Topology of grid
1 AW ERAH A 7 B2 R 30 b Sl

AT 1A AR AR5 2 A T AR 3 g 3 AR SR pGMSQ Y SCHE BOR, A5 T4 1
BN )R UCRREE . IS N A 0 S R G SCRFIA ) AR AR . 55 4 938 RS PR BT T 13 TK e iR
¥ 2 FAH DL A W UL AL SE. 2 5 9 S 36 56 UE SR (A AR 28 6 1 R S AL
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1 #HHXIE

ARICTAES 2 YR dE)R 5 A%, H 1T 48R 5150 185 2854 b o e 2 5 1 PVRI A A s e 4 R 515210 S v
X ZEENHERTIEIT 20 FR—HZBFAR I Z MBT5E AE X8 2R 5| 7 vk b 300 23 I w81 90 2 A/
X 35, H b B - 445 1) ol o B Bl v M 4R sk M 4R T SE I R 51 T VA, W 1 B R A R 5
VA-file!") K Bk T-FH 85 11 4 4 %R 5| (liDistance™). . i fEiDistance ", ¥ 5 %] et 4 #icdis B A7 528, 701 S48 %)
G5 L0 VR B 20 I T B AR 2R 5 | DT K o A 2 o P 48 Ol — 4 TR A kL DL B R 5 IR e A b U v e o
(¥). Berchtold % A PH 7 —Foft 3 T2 B FH) d5 A0 B0 T4 A1 1) o PR (00 HEAT AR R 2 5, SCHR[ 10148 H — Ik
TTE AL BE B 1K) AT MK R AL, 5 T Peer-to-Peer(P2P) [ HIABUAS: 2 oK 132 B G 7E .CANPIR 55— AN i &
YERHR A 2R (FP2P AR 45 SCHR[ 120K FH 2 Il A 76 hh 4 4 22 4 2040 W) 31— 4k 2% 7). pSearch! P& — AN L F CANH)
SCRYKE R IFP2P RS ) — A Hi Sahin ¥ NI (1) 2 G0 th 2 3L 1 W4 445 s 2R CAN R 46, AR 1T RS 1 1A 2 T 48 1% R
2 AR AL ) SkipIndex U1 SCHR[ 16142 HY (0 75 i) 509 S0 FF A6 P2P I 2% (AR BA S . R o0 A1 R R 5 | P 4
B A R/ 2 RS 3 A T SR I A RO R B AR

TEHCHR WA B 5 0, 5 [ RN RO 45 18] 2 AT T T 2 TR AN RS, JF HAE T — 25080 R, Hoh g 2
410 S RO B R T T 5 [ A [ B R B R S 2 IVDGL(International Virtual Data Grid
Laboratory) il F 8125 f5 3 44 1) o 8 W 4% 2 48 T FL 2 Globus 1 () 304 W 4% =7 3% 45 2 F1 SDSC(San  Diego
Supercomputer Centre)fJSRB(storage resource broker) 2 4t. 4R H HI X WA IR BE T (4L S 808 ) A kAT 17—
52 MR FE 1) AE AR D AT SR 503 1 W 1) 22 F ML TS WP AK . 5 4% 45 0 A 5T A3 PR B8 S () 200, 1k 34158
% 45 e B VA I LA B A B ) S — SRR A U B O A T R AT AN () AR R T ey
AR K 2 7 P 2 IR B AN TR 8, 280 o L4 o5 2 TR AN I DL R 0% 42 v BT ) 4 3K 6 8 4 26 1 X A PR 5 1
ZEALE R TH K.

% A WAL AAEAR GHUE PE A W T AT 772 o . — Bk 356, 300 72 45 3L R 45 (DBMS) & W 23 AT
— ZH A DG 1) £ R SR 3K A DG 2 v SR A — S8 3L ] 1 A 0 3 40 (7 £ R 0E 50). 2 R A v AR Akl ok R A
TR 0 28 3 03 SR AT R T BRI R T A ik XL FBHE T 20 oF R DL AT T 40 A 1 45

2 MEIE

AICRJUFF 5 W 1.
Table 1 Meaning of symbols used
Fz1 gk

Symbol Meaning Symbol Meaning
Q Vector set d\Vi,Vy) Similarity distanc
Vi The i-th vector and V;e 2 Q Candidate vector set
D Dimensionality Q' Answer vector set
N The number of vectors in 2 o The number of data nodes
V) The j-th query vector B The number of executing nodes
Q28] The j-th query sphere, je[1,m] Vol(-) The volume of (-)
O(V4.R)  The j-th query cluster, je[1,m] and m'<m

EX 1(MERRALHER). MR (G) A 1E— 5K K, i 45 5 (node) M1l (edge) 4 i, IE AR TR A G=(V,E), 3L
o Ry R E Sh il Ao 4 B A i G 4 2 5
EX 2L ). B (G)TIILE N h 3 FIRAL A 45 (N, K45 (V) RIBT 45 1 (V) B 3t
i1
IR AIN=N Nt N PN H 1A SO P3N 05 a3 25 NG ) N AL AT 55 (N ), Jerh NG b o6
AN 2 s Hie[1,a], N R 5A AT 45 s Hye (1L 2 i 7R).
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M 5 S 2,75 1% WS T 75 1 45 AON, S T 3R A8 P 16 A 0 135 SRR 52 3R [ 25 SR (027, ) I o 5 ) JEAT B
TR G oM EE 45 N0 TA7 4 v i ) () S LR 51, 1) B AR A A 1 & J2 T AT 58 ), 3R [ ik 0k
7] £ 4R (42); 3R R I R (BE B9 v 80 7E B AT 25 RN b I AT 58 1, 38 1R 45 R 1) 12 8 (42). AN 2k — Rk B B ) B 7E v
Y73 M1 45) 3 Al

EX 3(Hm/NEERBIK). 4 Em N EHHEEK0(V] ), EATX R 1) 5 /) [H # 5k (minimal bounded sphere, [

ﬁﬁMBS)%%RﬂJMBS(O@(V;,,?)) = L”]@(qu,r,) i VOI(MBS(OG(qu,r,))] BN Fodye1,m].

WE 3 Fion, 4w WA B ER: o, Rl oW/, r) B AN M 1 MBS A #E & — AN ER R R A

MBS(0(Vi,n) , O] ,r)) )=0( Vs R).O(Vy RN i) f L (Vo YR 42205k Vy =V +ﬂw—""f”x
2xd(Vy, V)
dWiVi—ri+n AW, Vi) +r+r;

2xd(V,, V) 2 ’
EX ABAXATBIR). 4558 W EEK:0(V,R)FOV,,r), 5 B 1 55 K A Y] Bk (maximal inner tangent

sphere, I FKMITS) 2 71 3 — A B ER @ (VR o), T 4 45 153 P A R BR 1 402 305 43, Ho oy R, = Z =40V V)R )

Vi Vo) BV5 =V + x (Vg = V) AR =

Ao V)=RYr sy gy, _dWe V)4 R=r
2><d(VQqu) 2Xd(VQ’V4)

EIE L GEPEHRER: 0], n) F O ry) H R /NG B ER(MBS) R 5 O( V5 R,), 43 .
Vol(©(Vi,n) WoV{.r))) 2x (P4 Y>d (Vi VP A nbr>d (V] V>~

Vol(®(Vs,R.)) 2x (B2 +rPy>(r+r)Pif ntr <ALV '

TS TN MR AR A R G BE RS AT 4y e 3 RSB T R T, 4 4 eV ry).B R
OV ). CHOVy R,), Hr>r, Wl 42 B AN 75 o Bk o [ B S MO A5 K WIS 00 s i i) AN B AR E L R 3

R oL
. N - i pive,. g Vol(AUB) _Vol(4) . 1
() ABEB.WE 50 7R,  r>d(Vy Vi )+, Tol(C) = Voltd) =1>3.
Vol(AU B) _ Vol(A) +Vol(B)~Vol(AnB) | 1 y
Vol(C) Vol(C) 2’

(Ve =Vo)+Vo .

>% aﬁ,mugﬂéu;{

(i) A5BARAE WP S0)FTos, Ml rtr>d(V Vi zr-r, 4

D y D2
1P x Pl ¥ x P/

T2+ T2+

(n+r/+g(V:},%j)] "
I(D)2+1)

P R R FARIBIIMITS AR BUR T AR R ] 4 BEoR, 28 58 A HEAS IR ER:©(V 0, R) IOV, r), Jo X

. —-dV,,V)+R
B MITS W FI — A W W Bk % R I e 90T R

—Vol(AN B)

>%.Hj%E%ﬁ%’l\%éﬁiﬁﬂ%ﬁnm@T;%%MMMR Vol(AB)HIH S A 4

, W Vol(®(Vp,R)NO(Vq,r))=

2
(rd(VQ,VmRJD 02
Dy D2 2
Vol(MITS(©(V ,R),0(V,,,r)))= I’f D /§+ 5= o

. . D
n~+rj—d(VJ,Vq’)J s
2

T(DJ2+1)

. . i 1 b . L i J b . . L i 1 b
lx[mmd(m,m] >{n+rj d(Vq,Vq)j .Hﬁrl_ﬂﬁd(qu,),mu;X(Hn d(Vq,Vq)J JL

T AN, R K Vol(ANB)=Vol(MITS(A,B)), Ml Vol(AN B) = ( A FE AL P -

2 2 2 2 2
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d(Vi VP Jish T [W’_‘;Wj >0 T LA E 2% (5P +1P) > d (Vi V)P

A

K Jay
0 <)

Query
cluster
Fig.3 Corresponding MBS of the two spheres Fig.4 Corresponding MITS of the two spheres
K3 PASEEERXT K MBS 4 PIASEBRON YK MITS

y A

Query

cluster Query

cluster

(@) r>d(V, V] )t ®) ritr>d(Vi, Vi Yzri—r; (©) ritr=d(v.V})

Fig.5 Three cases for the query clustering

K5 EmREK 3 Mg o

(iii) B 15 A AHAMIER B AR5 A A W SQBTAR, N rbr<d( Vi Vi), A4 Vol(AU B) _ Vol(A)+Vol(B) 1,
Vol(C) Vol(C) 2
e
’;_D X TCD/Z r/,D X nD/2
+= . i i 1) 2
[DRD _FDRD L1 s +r,~D)>[———kr’ +7;+ Al )J AT rrd(V] VU 2x (P +
[Hn +d(Vq",Vq")] . g .
2
I (D/2+1)

rP)>n+r)P.

ST B g g |2} 0 TR LYDR, A e >d (V>0 =y
2x (rP +rP)>(r+r)P, if ntr, <dWVi Vi)

3 XEHFAK
N T S SRR AR PR T T ) 20 Al U AL ) 2 F AR AL (pGMSQ)AL B B Y 3 Bl SCH# R it sh a7

ISRV B IE N A I T S 3R 5| SRR IR ) B AR A ek SX L 7 VA K H R R AR I 2% A B AR 4 m i 1
FFATIE.

3.1 BBEEARRREER

FEREAS I B 6 1 P S A8 1) — b 2 1) U S B A o) I 2 A ) AT DU T AT A R 2R A e B — Mgl A
)2 IR H % (dynamic query clustering scheme, fij #8 DQC), 13 £ I £ 1 5.i% £ W 1 sk 42 vl T U4k KR
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H
OSet ::=(01,02,...,.0m) €))

Hrh o=V, ry) 254 H P 348 & il K je[1,m].

B RN 2, DQC BVEI S 3 AT AT B 1 IR UL TAE R IR, 20 2 2 H 1 (W45 IR,
DUIRT PR 2 5 O AN B A YRR R B O AT 2K

&% 1. Dynamic query clustering(DQC) algorithm.

i\ :m query spheres;

it :m' query clusters.

while(TRUE)
for any two hyperspheres 4 and B do
if Theorem.(1) is satisfied then
A and B are merged;

1

2

3

4

5. update the query list;
6 m«—m—1;

7 end if

8 end for

9. end while /*the value of m has been reduced to m' and m'<m*/

10. return m'(updated m) query clusters;
3.2 BHEMNHEHHIE

321 HeT MBS Al AL I RE O Al
XF T 2 BOTAT R 5 R SR U0 0l X AR RE (R S R DGR Qs 1 TR, AR e AN ek R 4%
IREE JC A A A 25 RO A PR R O (AN G AE R R T TR T TR R BN A i ) P AN A [0 TR b, A8 R A 4 55 (i
Hod 4 s ERINAT G 50 1 255 Ah SR A 0 R AT AR M 1R AR B A ST DRI Ik A Dy B 43 TR Ak BRI B T T AR AN 4 R
(17 4k 21 R 3 TR TS DR AK T B0 23 1y AE G B AR 4% HH A 3 5 (query voting, TR QV) IR i 2.
FEAZTT VL AN 45 A AL BEGE g T LR I o 15 AN [R) P A v 4 SRA5 38 10 1 18 2 0 1 [ R B i) 6 i
TG mAN P RS 6 LA Ty ok B AR AN P B w8 SR AR 28 46t by R 8], o rhie[1,x] Hje[1,m].
XFERS T m AN RN x A8 AT AR B — 5K F P IR R) 32 (user-time, &% UT), JL2X(2):

Tiy Tiz ... Tim
Ty Ty ... oy,
ur <| 2 B2 2 2
Ta Tz .. Tam
X‘f%'ﬁi/l\?fi)ﬁ,ﬁﬁ&ﬁﬁ‘éjﬂ(iﬂfﬁﬂ)‘%ﬁ%ﬁjﬁﬁHﬂlﬂi ';;le S b, WK (3):
1
e 8
2l 2l
50 A B, T 34 i 1 I ) m] DA et o 1 e R T, WK (4):
1
R @
- i li i li

Horpie[1x1H. je[1,m].
e BT 0 T80 A4 AR, A B RS ) B o L AT LU R
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/

" T

Per(i)=— — 2 ; . (3)
/&%E /&ﬁﬁfm /&iﬁ

i\ 2 Vector set, x nodes, m users;

H% 2. Query voting algorithm.

it p;: The processing capabilities of x nodes.
for i==1 to x do SRR REA G RO UL
forj:=1tomdo SR ab SV
submit the j-th user query from i-th node;

end for

the processing capability (p:) of the i-th node is obtained by Eq.(4);

1
2
3
4. the query executing time(77) is recorded;
5
6
7. end for

Fig.6 A query polling example Fig.7 Centroid rings intersected with query sphere
Ko AilBERpl K7 5 AR AR AL

3.2.2 BET LI B Y E R 4 A0 SR g

g TAEEHE 25 2 1 1) SR e ) AT B B Ak, 3 H — 3 T A0 R (centroid-ring) 1 B 3 Y. 47 4 35 4
TR KT LUARAIE 1) 2 BT Hb 43 A 76 5] 10 2088 45 b AR U, 1% 07 R AT DLRIE A 46 i b L 3 A7 AE—
AN ERS A BRAE AZ XA N TR A A U, ) SR 46 0 0T CAE R &5 SO EAT HUT .

E X 5(H i 5 centroid distance). 25 i — AN Al i Yy, At BE B O FE B R0 AV, R BE S8 1E
CD(V)=d(V;,V.), 5 HV,=(0.5,0.5,...,0.5).

AR VRS v 2 2 T 4 R 0 R B 38 ST Hb D) B o o, W T B A A B s SOk D BR RS 0 B ES T
N, HR L R g LB 2 38 .

T X 6(F LR centroid ring). 45— i i Y, S LR GEAFR(V)) %5 0 | 2a- CDW)/Nd ] +1.

XF T AN [RLEHts 5 R 1) S O A (S 3), R R ThoC B T R 1) B RN &Y A A BERE ) RN BE L
HCHE XA T CARAIE JU T B/ 250006 45 i b B v R AR A 15 Bk AH AL
% 3. Vector allocation algorithm.

se HTAEANGY AL 1) R 4R F iDistance ™ SR 4 37 % 5 | T 7E 4 ST i Distance R 5| 2 7, 7 E 0 v 4k 1) B 3R S 4G B T AR
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i\ £ The vector set, @ data nodes;
i : £X1 to a): The vector set stored in the « data nodes.
The high-dimensional spaces is equally sliced into « centroid rings;

for each data node N, do

3. randomly select |per(j)=n| vectors (£X)) from « centroid rings;
4. the vectors (X)) are stored in the j-th data node;
5. end for

3.3 RIIFFRYIRE ) B E LR

H T 1) 2 (A A1 B 45 U2 0 T — A1, TR A R 45 U BT 1) R SRORS (R TR ) B A AR
JEAR AL D8 1k, 42 H iDistance!™ 28 5| 32 F5 1 1) B AR 49 (VSR) J7 A% 7 VA 1Y) H (1) J2 i /b SRS 1L B (M CPUTH L
HA 28 AL R ARAY S5 4 405 55 5080 4 ) o) S B 2 el 6, bR B R Seareh(Vp,r) 32 7 3R 0] R0 2 Vo K43l e
v [ AT 1.

B 3% 4. Vector set reduction algorithm (VReduce).

A V,: Query vector, r: Query radius, £Xj): The vector set in the j-th data node and je[1,a];

#i i Q(7): The candidate vector set in the j-th data node.

1. S1<@, S2; /IR

2. for each cluster sphere ®(O;,CR;) do

3 if ©(0;,CR)) dose not intersect with @(V,,r) then
4 break;

5 else

6. S2<-RSearch(V,,r);

7 S1-S10U82;

8 if ®(0;,CR;) contains ©(V,,r) then end loop;
9 end if

10. end for

1.

11. return S1; /IR R 3 [) 5 %/

4 pGMSQ &%

BT BaR 3 P SRR TR b T AR IR AT IR K R 110 A1 2 2 AR B M) AL SR I ——pGMISQ.
TEA AAZ SR 200, E 5G] i B 0 4 R b o R 38 A A 45 0 )2 0 LA B A B0 &5 00 ol K
HiDistance™ 47T % 51, F LASZ REARIE (1) ) 5 SE 48 0. pGMSQELVE ) il 3 25

(1) Bha&EMEEAENpGMSQINEE 1 B, H 5 H PR m AN A WE K B &M 45 SN, R F AT S B MR
IR A 7 1K) A A A B (0 A U3 SR, m <m  FAR P SR AN 90 1 R,

(2) 4R n) B AR 4ok 56 AT 0 25 iR IR B A AU BE IS 0% m AN I A S SR (05, R) ) FT B A7 H K
1L B o Bt 25 5 AR 2 RS AT AT R SR I 1) R AR LR RS WA 3.3 7). B AR U T A B £ R
N E GRS NG AF LB T R A ) T [ 1) S 8RS ST — AN 98 A7 OB T A7 il ik 1) o 4 (), 3t
thjell,al.— HAF B n) B AR QG), 8o L BEAT B R T R IE BIBAT 45 A2 AT SR A

&% 5. Global vector set reduction algorithm (GVReduce).

Hr\: €Xj): The vector set in the j-th data node, @(V),R.): m' new query cluster spheres, : Number of the
data nodes;

#iH: ©2'(1 to @): The candidate vector set.
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1. forj:=1to ado VAR o B A R/
2 for i:=1tom'do

3 Q) 2()UVReduce( V), R, j);

4. end for

5 £2(j) is cached in the output buffer OBj;

6. end for

L 5 H R BV Reduce(V,rj) (5 WS 4)IR A1 584 B0 5 25 HA5 34 1) 4R /(7). 1n) B 408 2 76 AN )
Kdia b 5 EIFAT AT,

(3) KKGHAE A Ry BG4, ik GRMS ZhAHE R F A 25 IR 46 U/ AT 45 A, 670 H b IR A7 b v 5 4
T ) e A A )V RRE RS I 6 TR, MR B E /N T A T I, b e [1,m], W12 45 R i ) BUE 4T
1,77 3% B A W &5 05 No. 5 4 =) itk SR A0 0 SR T 1) 2 W0 A DA 285 B BRAR [ 2 SRORE ok Rt v 2 SR D m
AN JEOR B 75 B BRORIIAT B 28 F SRR, LR m<m.

&% 6. Refine algorithm.

Hi: 2(j): The candidate vector set in the j-th data node, V' :

., m query vectors and m query radius r;, /:

Number of the executing nodes;
fr: (1 to B): The answer vector set.

1. for j:=1 to Bdo PR T A AT S ki

2. 2'(j)«J;

3 for i:=1to m do

4. if d(v;, ti )<r; and V;€ 2 (j) then Q'(j «2'(GHVV;
5 end for

6. £2'(j) is cached in the output buffer OB;;

7. end for

FESAIAT G 1N, ST — NN GEAT 1B T4 0326 1) B4R 02'), IR I DAy 2/ () /) BEAE &5 5 N, ()
A7 25 (6] M, ) T8 A7 €2 () IR 1) 6 53 A0 57— A LL G847 OB, ) T8 N G A7 45 R 1) /. — ELAE. OB, I 45 2 )
B R/NEE TN, W RAFT A 77 2URIE AT ) 45 RN,

Fik 7 3 pGMSQ Fik H P ¥ GVReduce(2m' query clusters)y 4= &) [n] 5 4 Jk 515 (S WHIE 5); K5
Refine(£2',m query spheres) & X 5 1k [ 1t 88 QHEAT KAG BRAE, W 58325 6 P 2P 3R 4~ 88 7 AT AT

&% 7. The pGMSQ algorithm.

%1 \: A query list containing several queries;

iy Y 2" Query result.

1. while the query list is not empty do

2 D, ', PRIIRA/

3 m queries are extracted from the query list and submitted to the query node N;

4. The m queries are clustered in the query node; /*7E £ U 45 50 )2/

5 '« GVReduce(2,m’' query clusters,a); PERR 4 R B

6 The f executing nodes are dynamically discovered by the GRMS;  /*zh 2 & 3L A2 N 45 A J 3

T4 i/
7. Q" Refine(L2,m query spheres,f); PAERAT 45 iU/
8. The query answer (2" is returned to the query node N;
9. end while
H 37 DA b Ao 1 A 7 v AR 0 A 1, 2 P P B 7 3R SR R S AN I AR Oy T b R e R G A e L )
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Fig.8 Five cases of pipeline-based parallel query
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