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Processing and Optimization of Join Operation in Spatial Database

LI Li-yan, QIN Xiao-lin

(Dept. of Computer Science and Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016)

Abstract The performance problem of spatial database limits its application and development seriously. Spatial
join 1s the most complex and time-consuming operation in spatial database system. Its efficiency determines the
performance of the whole spatial database system to a great extent. Although there are many spatial join
algorithms already, cost estimation and query optimization of spatial join operation need further study. Most
spatial join algorithms are implemented based on R-tree index, but if the corresponding relations have no indices,
or only have partly indices, special algorithms should be used to handle the situation. Cost estimation models of
each algorithm need a relatively uniform calculation method. Considering the characteristic of spatial database, it’s
reasonable to use I/O cost to estimate the complexity of each algorithm. Based on the above approaches, and
because complex spatial queries may include multiple relations for spatial join, dynamic programming algorithm
should be used to choose the proper join order which has minimum cost. It becomes a universal algorithm
framework. Through the complexity analysis of the algorithm framework, the spatial database query optimization
system 1mplemented base on this approach will have better spatial and temporal efficiency, and can handle very
complex spatial queries.

Keywords Spatial database, Spatial join operation, R-trees index. Dynamic programming, Query optimization
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r_tree join(Node I,, Node I,)/ * I, I,—R B f&h & % /
{
for(ly HBAITE ED
for(I, P IB I TTE E2)
if (overlap(E,. mbr, E,. mbr))
if (1,1, BRME58)
/NP RE </
output(E,. ptr, E,. ptr);
else if (I, B8 {
/x MBERSREMXEATIE */
read_page (E,. ptr);
r_tree_join(E,. ptr, E,. ptr);
}oelse if (I, BAFEEE)
read_page (E,. ptr);
r_tree_join(E,. ptr, E,. ptr);
} else {
read_page(E,. ptr);
read_page (E,. ptr);
r_tree_join(E,. ptr, E,. ptr);

}
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2.3 TERFEREZ
ZEEHERRERAETEEXRER LK
WMAEERREY RTINS BEASRXMSE A,
BZE5EEREZH CANEERERES R (FESX
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RAFREBER IEBENL NP W A K B *T
RFEETRNSE AN B, RERNH
D, HKo,D HHEHEHE c B—1%EEREEN 1/
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R BRI OAER—-—FEARK, EQ
HEWMT 3MER:
WD) I TFEFHLBRREENR/DAMN
(Q. cost) ;
(2) BB B/MUYT 8 FE BRI (Q. plan) ;
(3) XX RERLGRNMTT KD (Q. size).
Be/MUH AT LU B B — 15 4 A SOk
MEERGROMGIT RPN S EREE EBKFL
X, AEBWH M IE LA XK. REEE R ESS
i, MBS R KD SA, B RR N
S(A,B) = S+ Ss » (r4 + rp)? (4)
Hep,ra BRER A FERIXRE mor B FHHK
AR B, ULV B B AR ME 4L B0 (0,115 55,54 43 31
HEE ABHRILENH.
el LW, L RETHEREMN SR
EEAMNAEE, HELWNT .
Bk mEEZEARARRE
optimize (Query Q, int n)
/*Q—BHAEMTR . HPEEXRER
B ox/
{
for (each {A,B} in {R,,***,R,} and {A,B}A] FE ) {
/* FiBEREERBERNXREX =/
if (A,BHRID {
Q{A,B}.cost=Cgr;(A,B);/* AKX Q) */
Q{A,B}.plan=[RJ.A,B];/ » R XRRFEA
R */
} else if (A HER3 {
Q{A,B}.cost=Csp;(A,B);/ * fEFAK(2) % /
Q{A,B).plan=[STJ,A4,B];
} else if (BHESD {
Q{A,B}.cost=Csr;(B,A);
Q{A,B).plan=[ST]J,B,A];

R.}in—XK &R

} else {
Q{A,B}.cost=Cy(A,B);/* AKX */
Q{A,B}.plan=[HJ.A.B];
}
Q{A,B}.size=S(A,B); /x {HRAR M) */
}
for (=3 to n)
for (each (T
EHE |
/x BT RAEHRBFENLERE «/

1s°=»T;} in {Ry,***,R,} and {T;,-,T;} 7]

$ 8 (A )
QiT;,-,T.}. cost=MAX; Q{T,, -, T.}. plan=
NULL;
for (each 4rf# Q{T —{Q,,Q:} and {Q,.0Q;}
A EE)

[ EREAEDMFRAWRNTEREERBRNXLRFE »/

if (1Q;]=1and @, FMEXERE R BFR5D {

/* BRXRETFHE BAXREBARS =/
{Q1,0Q:}. cost=Q,. cost+Cs1;(Q,,Q2) ;
{Q,+Q:}.plan=[STJ,Q,. plan,Q,. plan];

} else {
{01,0}. cost=Q,. cost+Q;. cost+Cu;(Q,,Q2) ;
{Q,,0,}.plan=[H]J,Q,. plan,Q,. plan];

if ({Q1,Q:}.cost<<Q{T,,--,T.}.cost) {

[+ RRBERNRMB/NRERTR */
Q{T1s+T:}
Qi{T,,-,T:}.plan={Q,,Q,}. plan;
QiT,,---,T,}.size=S5(Q,,0,);

.cost={Q,,Q;}.cost;
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% BN R REE R A R R .

ZREBEPHB T CryCsry . Cuy 1 S X 4 M
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25 (8] T 55
Couee =C(2,n)+C3yn)+++C(n,n)=2"—n—1
[FIRE, FEH B85 BT E AT, FLmE ] JT 84 08

C(G,n) » (CA,DH)+C2,yi)+-4+CGE—1,1))/2

=C@,n) * (27'—1)
T A B B8] F 45 O

Ctime :C(29n) + Z(C(z’n) . (2"! = 1))
i=3

=>7(CG,m) « 27— 1))
i=2

4 & it

ATIE T B HEEZE MBS RS
RSB ARRE, B4 TET RMEFINILMZE
HEEEEIHENMRNER IERASSHENE
B XEERESEX, A T AT R AR
B EAESE.

i 5 Wi 5 LB — 4 F Realms* {55 8] 43
BB, 3F 4 Mk PostgreSQL #, NTISEBL T — 4>
23 8] 43 B B 3% FE R B 32 45 SADBS (Spatial analysis
database systems). fE MR, EFE EEMERM
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M EERE NS R BEREERUA TS LR,
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Research of Index Mechanisms in Spatio-temporal Databases £
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Abstract Spatio-temporal database manages the large amount of spatial objects that change over time. [t is necessary
to query the spatio-temporal objects of the past and the current and to anticipate the future of spatio-temporal object-
s. It is important to design an efficient index mechanism for accessing the spatio-temporal data efficiently. The paper
analyzes the features of the spatio-temporal objects, studies the methods of spatio-temporal index mechanisms, classi-

fies the index mechanisms, and discusses the key technologies of spatio-temporal indexes. And it also presents the in-

dex methods of STADBS that we are studying.

Keywords Spatio-temporal databases, Spatio-temporal objects, Spatio-temporal indexes ,STAM

1 3|8

B} 25 (4% FFE (Spatio-temporal Database) /245 fE & b & B

L EERETFAHTRMEHBIEERE XEHTLEENR
WYL BN/ S0E B 00 AR 4b . B 25 RO R R A W R B 2 BRAE AL
CHn A il 3 9 28 1k 38 S i GO M08 BRI R 40D
HENO%RT RO RZEERKEZNHE.
HAWEFNEER HSHEEFEERKRERNTH
K HART )45 B A0 2 [R50 A T R S 3 A 1 T A B, %
MR ERSINENHREGIAEE HBE5 M1k 30t
THEENHRDBLETES R  BEEE P FrId=HR
MEMESHHR . ERESRSI TENTFREREGR. —F
0 % 25 (8] R 5| A B AR T AR S AR BRI R K
TR ) E R BRAE (B 1R B B FI e = 5 A B a1
B, B4R W 8B FF BN kST A 20 [E] (valid-time)
0 /8% 5 %5 B ] (transaction-time) ¥E17 & 51 LA 32 5 55 8] 3048
FERI RS B HERH TN M mEYE.

AT T B A X SRR S BER T RS IMUE A 7T
BIFEAT 728 i hie T E RS O E R X AT IE
TE BT i & B 25 73 A7 3030 B 1 R 4% STADBS p i R 51 ik
T e,

2 BFE X B (spatio-temporal object)

2.1 HEXROEE

75 () {37 B 0/ BT B8 Bl A e 18] 0 28 b if A A AR (b B 2 1)
XA b S X R GBI FE AR S0 W EAE K ATH KL B
BB EAT R AN VR B ) AR (L L R E YK
s RS T KR O Y 7 Sk FUE R S X &,
BRI RIE & BRIES O B AT 0 A R — )
# (time-stamp) 8 B3 [0 [7] b§ (time-intervaD) @ 17 K .

B 25 B FE AR B A R B BT (M) 2R L B = [ 3 R FE =S ] 3K
WHEREXTH=ZFEATEIF LR . & (points) . £k (lines) F
X (regions) . AR R BB E AT H R CHZ ML E. M
AREH RPN B R, B e —3K X LG & i B S g —
AT 5 2 B 2 () fth £, v] ik 7E &5 (0] o 7% 5h 1 1R it B A 1)
L B aE R R BRSBTS N EN
X RN K Bl — N ERATBX A iin % B e, B AT
%o B 2 AR K R M BF R B F#5) £ (moving points) F
% 5/ [X 18, (moving regions)iX — Ff I A B 25 X 2 #d . H T 4
(BHEOFEFRREN MR EH R, TR A AR
i (trajectory) 9 BF 5 .

THESEF A (x,y) P H S R BRI AR E A =
HE 23 75 (A () B R RoOR KB R 0 AL A (UL 38 =5 Al &
H B EBIER RO T, Iy ok A F . B 1) (b)) 5
HET _HSETE BB S M) R B F G =4 R
B 4E) A SCTIR M B ZHE S s [ h i s MR 4 [RAER
e Y R P = 4E s S 4R = ],

(b) # h I 4k 45 3 R 3 R

(a) Boh e At R
M1 —HEBFEENh MRS

2.2 WEHRNFT
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2.3 HSXIRMEESS S

B S MO PR O B S ) A PR e B (A 4 E i
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(DB AE B A 2R 82 H i,

(2) FE BT ) 8O PE b L 8 SCT P B ) 48 132 - A 2 fa) £
g5 75 it ] A7 0 ] 2 48 B0 St S e T A A e e g L 3 55
7] 435 155 877 it B0 5308 e o 9 B () o S 37 55 B o) Gl P ) FF
SUE R TR AR AL K A B 1] 3 34 38 0 5 6 L LA R X R
FEWMATK SR XM REFECR T HE BN ENS T 7
(52 B 25 344 PE L B = 35 5 2B (8] L 535 45 B i) s XL e 1]
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O EAR PR T2 B iR e R B 3 so i 57, 25 [ 52 66
B 1) £ 32 39 L JLAR (R AT R A9 HRAG Ve SE T B8 FoE R i &S U
) 77 R, BT 43 A B H (discrete) Fl 3% 4% (continuous ) i F4 4% .
BB T . ZRIX RO RS, ] I ERE SO/
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AR BT OL T T R R A LSRR, A A B G
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SUTE X S AR AL 09 FRAE (ANaz 3 B9 3 BE L 75 1 %) ieAR B A
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3 HER5INDE

%88 Y. Theodoridis ZEfE3C[ 2] X BT = R 5| AR . 4
& BT TR 5|7 BRGNP RAR B E RS T
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(DELTORELAV )X FTENHTSHIELTE
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SR SCRE AL R IR B B A X RO B AR KN A E
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BAR FE BTIﬂ*&EﬁﬁEﬁ&k%}?frﬁxiﬁfﬁﬂrﬂ&m = (6] ¥
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(b) 3D R-#4

El2 A R-# 4577 E = 4E6 MBRs

(D g &AM EETEELE-LRA

A MR-##4 1 RT-R U A48 3% 6 77 U vk = ¥ B ) s B
Mz EE B —RBFME R-WE b, TR EMH 4 fOEZ3EM
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SEREEXE T= (), i<jt, RALATHEE ., 2T
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&) 7 ik
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1 23456789
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