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Abstract

Range query is one of the most important operations for spatial objects, it retrieves all spatial
objects that overlap a given query region in multi—dimensional space. The DOT(DOuble
Transformation) is known as an efficient indexing methods, it transforms the MBR of a
spatial object into a single numeric value using a space filling curve, and stores the value in
a B*—tree. The DOT index is possible to be employed as a primary index for spatial objects.
However, the range query processing based on the DOT index requires much overhead for
spatial transformations to get the query region in the final space. Also, the detailed range
query processing method for 2—dimensional spatial objects has not been studied yet. In this
paper, we propose an efficient multi—dimensional range query processing technigue based
on the DOT index. The proposed technique exploits the regularities in the moving patterns of
space filling curves to divide a query region into a set of maximal sub—regions within which
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space filling curves traverse without interruption. Such division reduces the number of spatiaf

transformations required to perform the range query and thus improves the performance of
range guery processing. A visual simulator is developed to show the evaluation me_thod and

the performance of our technique.
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22§ 1. DOT &Y o ¢S

Algorithm Range_Query(ds, ge, n)

1 LS := Transform_Query_Range_To_Line_Segments(qs, Qe, n);
2 QR := Get_Objects_Using_BTree_Index(LS);

3 Return QR;

End Algorithm

EERRE-ER-EEEE R R
Function Transform_Query_Range_To_Line_Segments(qs, Qe, n)

1 LS:=0

2 for X, = 0; X5 < n-1; Xs++ do

3 for Xe = Xg Xe < n-1; Xe++ do

4 if Xi <= q. and X, >= q. then

5 { LS := LS U Tr_Hilbert(X;, Xo); }

6 LS := Concatenate_Adjacent_Xvalue(SORT(LS));

7 Return LS;

End Function
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Function Transform_Query_Range_To_Line_Segments(qs, qe,

1 LS :=

2 Q := Initialize_Quarter(qs, ge, n);
3 Call Split_Query_Range(Q, LS, qs, qe);

4  Return LS;
End Function

Function Split_Query_Range(Q, LS, qs, qe)

5 if Is_In_Region(Q, qs,

de> Then

6 { LSqew.Start := Tri_Hilbert(Start_Point(Q));
7 LSuew.End = LSpew.Start + Q.size’ - 1; LS = LS U

8 else
9 if Q.size > 1 then

10 { Quunsize = Q.size / 2;

n)

LSrews }

11 for SubQuarterSeq := 1; SubQuarterSeq < 4; SubQuarterSeq++ do
12 { Qunpattern := next_pattern(Q, SubQuarterSeq);
13 Qquv.upperleft = next_upperleft(Q, SubQuarterSeq);

14 Call Split_Query_Range(Qsuw, LS, a5 qe); 1)

End Function

Function Is_In_Region(Q,

Ts, Qe)

15 if In_UpperDiagonal(Q.UpperLeft) and In_Query_Region(Q.UpperLeft, q,, q.) then

16 { return TRUE; }
17 else ’

18  { return FALSE; }
End Function
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Function Split_Query_Range(Q, LS, qs, q.)

if Is_In_Region(Q, qs, q.) then
{ LSpew.Start := Tri_Hilbert(Start_Point(Q));
if Q. TriQuarter = TRUE then

{ LSuewEnd = LSuew.Start + Q.size’ - 1; )

LS = LS U LSpew !}

else

if Q.size > 1 then

10 {

End Function

Qsub.Size = Q.size / 2;
for SubQuarterSeq = 1; SubQuarterSeq < 4; SubQuarterSeq++ do

{

1
2
3
4 { LSnewEnd = LS,ev.Start + (Q.size” + Q.size) /2 - L; }
5 else
6
7
8
9

Qum.pattern = next_pattern(Q, SubQuarterSeq);
Quus-upperleft = next_upperleft(Q, SubQuarterSeq);

Call Split_Query_Range(Quwb, LS, qs, qe);

1
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Ok

B4 2.1 2%H 7 AN E I3 WO Yo B wE Bh
Function Transform_Query_Range_To_Line_Segments(QXs, QXe, QYs QYe, n)
I LS:=0o
2 Q43 := initialized_Quarter(QXs, QXe, n);
3 Call Split_Query_Range(Q43, LS);
4 Return LS;
End Function
Function Split_Query_Range(Q43:Quarter, LS:Line Segments)
5 if Is_In_Region(Q43) Then
6 for each ccll C43 in Q43 do
7 { Q21 := initialized_Quarter(QYs, QYe, n) LS21 = @
8 Call Split_Query_Range21(C43, Q21, LS21) LS := LS U LS21}
9 clse
10 if Q43.size > 1 then
11 { Q43sub.size = Q.size / 2;
12 for SubQuarterSeq := 1; SubQuarterSeq < 4, SubQuartcrSeq+- do
13 { Q43sub.upperleft = next_upperleft(Q43, SubQuarterScq);
14 Call Split_Query_Range(Q43sub, LS); }}
End Function
4.4 A9 A9 EFg 0|88 45 MM 718 ol&5t0 4-38W FHH B © 139
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{ LS2Inew.Start := Tri_Peano_Value(X1(C43), X2(C43), Y1(Q21), Y2(Q21));
LS2inew.End := LS2lnew.Start + Q21.size’ - 1;
LS21 := LS21 U LS2lnew

}
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A9 2-18H B EZE H=S2 (319 ARE 0|83ty X0l b
A=l 1 A7E Size(Q43)” = = F}4 3719 Size(Q2 22 F
Size(Q21)* — 12 A AT} 712 BE 3 HEE &

(2) Size(Q43) > Size(Q21)Q1 B2 A9 E3itd.
BE B 277 59 BY AEE Aol @olo) B W 24515
t} & Z22EA 4-3HHEE 2-18WH 71 Y5tal ol & Atd & -
A719 AHEE F7IE 2gsie & 2119 line 60lA line 88 TIS9 [gt+
22 (19 A9 Zol ol MW 2219 zol A EEHATH H7IIA line
EZ ZLotojof st BHE line 25 FX 15T 2-1HHE &

(3) Size(Q21) = 191 A% 4-3EWH FH g5to] 2gd ABEY FATE Quarters21d
ol 2 2-18W AP =2 A 2yl fX&= WES UEEH, Get
20 HAHZ %SEE 4-3BH 9 Line_Segment= T AHY =AJIE 0|83}
BAWE o7t 10 ztzte) Bl A o HE =AM B MIHEES A
JHERE A &'55_1:}. ES Size(Q43) 3l BiEsls @8 LEdTh
= 10|H A Size(Q21) > 2 Q@ BRE

g4 22 Ao 27t F@g Das Fo| Yo It W B4

1 if First_Quarter_In_Region then

2 { Quarters2l := Split_QueryRange2l First_Quarter_In_Region := false; }

3 for each Quarters Q21 in Quarters2l do

4 { LSnew @ = @

5 if (Q21.size = 1) then

6 for each small Quarter SQ (with size = 1) in Q43 do

7 { LSnew : = LSnew U Get_Line_Segment(SQ, Q21); }

8 else if (Q43.size = 1 and Q21.size > 2) then

9 for each small Quarter SQ (with size = 2) in Q21 do

10 { LSnew := LSnew U Get_Line_Segment(Q43, SQ); }

11 else if (Q43.size = Q21.size) then

12 LSnew := Get_Line_Segment(Q43, Q21);

13 else if (Q43.size > Q21.size) then

14 for each small Quarter SQ (with size = Q2l.size) in Q43 do

15 { LSnew := LSnew U Get_Line_Segment(SQ, Q21); }

16 else if (Q43.size < Q21.size) then

17 for each small Quarter SQ (with size = Q43:size) in Q21 do

18 { LSnew := LSnew U Get_Line_Segment(Q43, SQ); } }

19 LS :=LS U LSnew

Function Get_Line_Segment(Q43:Quarter, Q21:Quarter) Line Segments;

20
21
22

1.54321.Start © = Tri_Peano_Value(LowerLeft(Q43), LowerLeft(Q21));
154321 End © = 194321 Start + Q43size” * Q21.Size” -1;
Return 154321

End Function
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o

B4 2.3 M28 AE(Tri_Quarter) 222 918 BN IHE Al B4

i

Function Get_Line_Segment(Q43:Quarter, Q21:Quarter) Line Segments;

O o~V R W N =

10 Return 154321
End Function

1.54321.Start : = Tri_Peano_Value(LowerLeft(Q43), LowerLeft(Q21));
if Q43.Is_UpperDiagonal and Q21.Is_UpperDiagonal then
LS4321.End = 1.54321.Start + (Q43.size’ + Q43.size) / 2 * (Q21.size® + Q2l.size) / 2 - 1
else if Q43.Is_UpperDiagonal and Not Q21.Is_UpperDiagonal then
L$4321.End = LS4321.Start + (Q43.size” + Q43.size) / 2 * (Q2L.size”) - 1
else if Not Q43.Is_UpperDiagonal and Q21.Is_UpperDiagonal then
LS4321.End = LS4321.Start + (Q43.size®) * (Q21.size’ + Q2l.size) / 2 - 1
else if Not Q43.Is_UpperDiagonal and Not Q21.Is_UpperDiagonal then
LS4321.End = LS4321.Start + (Q43. size®) * (Q21.size’) - 1
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