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1/O , o(n®%®).
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( :
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1/0
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(69873014); (2001AA415410);
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(2 , [8] kDB
R-tree  .e-kDB , 1/10 , ,
R-tree R-tree [
(dimensionality curse),
€©) 1, cell, cell ,
4 , :
, [1] mvp-tree [9] gh-tree.gh-tree , .mpv-tree
e 1/10 '
[10]
(1) :
2 ;
(©)] 1/0 ;
4 : : :
1/0 , , oh-tree  M-tree
, rgh-tree, , , /0 ,
R-tree M-tree rgh-tree ,
1 2 rgh-tree . 3
rgh-tree 4 5
1
11
1( . X d
(X,d), d
(i) 0<d(x,y)<oo,x# y,d(x,x)=0( ).
(i) d(x,y)=d(y.x), Xy X ( )-
(iii) d(x,y)<d(x,2+d(zy), X,y,Z X (
2 ) (Xd) D
D, Q r ;
U@Qn)={xix D.d(x,Q)<r}.
12
1. gh-tree( y o ,
2. GNAT(geometric near-neihbor accesstree) Y, 1, k

3.vp-tred”  mvp-tree

[1
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4. M-tree (12 , :
R-tree  X-tree , ,
R-tree ,
rgh-tree , )
2 (rgh-tree)
2.1 rgh-tree

gh-tree  GNAT , .
3( ). (X,d) . XY X, R, R ,

R_G_Hypersurface(x,y,R)={ zld(z,x)=Rxd(z,y),ze X},
X y R .
4( ). (X,d) . XY X, R,
R_G_Hypersurface(x,y,R) 3 , 1 , 2 R
. {74d(zx)<Rxd(z)y),zeX}. 3 R . {Z4d(zx)>Rxd(z)y),ze X} .
rgh-tree : , .
5( ). rgh-tree

6( ). rgh-tree
R 1, , R 1, .
7( ). (X.d) Y P X ,

gh-tree , 1,
rgh-tree P ,
,rgh-tree , ) ,
rgh-tree

P Left
d (P ) 0] P

Pr Right

1 \ PI(O) ,pr(O) , (0) qdl(o)
: .o o® P P
d(P®,P,@),0,® p,® p© d(P. P, @),
2.2 rgh-tree
rgh-tree : n D={D,,D,,...,Dy},
d(D;,Dy), rgh-tree
1
:D, d.
:rgh-tree Root.
Create_Tree (Root,D)
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begin
(1) (D d)
Root , bucket, D,
(2) ese
N, N;,Root P.P. D ;
I* PP, 1*/
R= {d(Di,P)/d(D;,P)ID; D}
Ci={D;|d(D;,P))/d(D;,P,)<R, D; D Di!=P;}
C,={D;|d(D;,P)/d(D;,P,)>R, D D D!=P;}
a=|C|-|C; |.b=|DI-IC/|-IC;.
E,={ D;|d(D;,P,)/d(D;,P,)=R, D; D, [(b+a+1)/2] }
E.={ Dild(D;,P)/d(D;,P/)=R, Di D, [(b-a)2] ey (] *l
BUE=EENE=C [EHEFICHIC] [EFEFICHCHL
1 2%/
D=CUE.D,=C,UE, DIUD=D,DIND=J [D|=D; [Di|=IDF1 /*Dy Dy
' 1*/
D D, 3
Create_Tree(N;,D))
Create Tree(N;,Dy)
(3) endif
4% Root,D, D, Root
end
PO a© RO PO A
Left™ Right®_
P a®@ RO P, a.@ P@ }AR(ZJ P, a.@
Left™ oY Right™” o™ Left® oY Right” o®
Fig.1 Structure of rgh-tree
1 rgh-tree
rgh-tree
1. rgh-tree
: D D ,
R, , , ; )
) R R R
R
R K HHK R HEK
R Hoo IGHERERIC]  a=|G-IC, 2 |EHE=bb=DIHCI-IC| b>a E
0, b>-a, E 0. 2 JE-IE=ICHHICH
|E/|-|E:=ICH-IC [ +1. ,rgh-tree O
rgh-tree , 2 O(nxogn)
n
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3

1. PP, .
M . M. M x4/M =M.
2. [(b+a+1)/2]+[(b-a)/2]=b,  [(b+a+1)/2]-[(b-a)/2]=a a+l.
rgh-tree
2. Q x PP, R d
1) (d(Q.P)-r)/(d(Q,Pr)+1)=R, X U(Qr),  d(xP)/d(xP)>R;
2 dQP) r, (dQP)+)/(d(Q,P)-1)<R, X U@Qyr), d(xP)/d(xP)<R.

x UQ,r), d(Qx<r,
d(x,P)<d(x,Q)+d(Q,P))<r+d(Q,P));

d(x,Pr)<d(x,Q)+d(Q,P/)<r+d(Q,P);

d(Q,P)<d(Q,x)+d(x,P)<r+d(x,P);
d(x,P)>d(Q,P)-r;
d(x,P,)>d(Q,P;)-r;

d(Q,P)-r<d(x,P))<r+d(Q,P);
d(Q,P,)-r<d(x,P,)<r+d(Q,P,);
(d(Q.P)-1)/(d(Q,Pr)+r)<d(x,P))/d(x,Pr)<(d(Q,P)+r)/(d(Q,Pr)-T),

O
(d(Q.P)-N/(d(Q,Pr)+r)  (d(Q,P)+r)/(d(Q,Pr)-r)
1. 2R , rgh-tree , Q
dQP) dQP),
€ (d(Q,P)+r)/(d(Q,Pr)-1)<R,
2 (d(Q,P)-1)/(d(Q,P)+r)=R, :
:(2) 2 , (d(Q,P)+n)/(d(Q,P,)-r)<R, x UQ,r), dxP)/d(x,P)<R,
@ O . : 0
Q Q r
Root, Q r.
Q r

Search_similar(Q,r,Root)

Search_similar(Q,r,V)
(a) If
(D) 1 d(Q,P)<r  d(Q,P,)<rthenP, P, Endif /*P,P, */
(2) If (d(Q,P)-r)/(d(Q,P,)+r)>R then
If |d(Q,P;)—d(P;,Vright.P)|<Vright.d+r  |d(Q,P;)—d(P;,V.right.P,)[<V.left.d+r then
If d(Q, Viright.P))<Vright.d, + r d(Q, V. right.P,)<V. right.d; + r then
Search_similar (Q,r,V.right)
End if
End if
End if
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(3) If (d(Q,P))+r)/(d(Q,P;)—r)<R, then
If |d(Q,P)—-d(P,,V.left.P)[<V.left.d +r  |d(Q, P)-d(P,,V.left.P,)|<V.left.d, +r then
If d(Q,V.left.P)<V.left.d+r d(Q,Vileft.P,)<V.left.d,+r then
Search_similar (Q,r,V.left)

End if
End if
End if
(b) else ,
X d(Qx)
If d(Q,x)<r X
End if
3. P, p=0.5, T(n)=O(logn), p=0.6, T(nN)=6(n"%>P)=H (nV4).

p=0.75, T(n)=6( n/0922<p )ze(nllz).

T(N)=2x px T(n/2)+0O(1).

Master [Blg ¥, T(n)=6 (n'%>P), p=0.5, T(n)=O(logn), p=0.6,
T(N)=6(n"2>P)~0(n¥).  p=0.75, T(n)=0(n"%*?)=6 (n?). O
4
4.1

VC++ , Windows2000 128M 4G Pl1-300MHz
0~1 ,D ,R , r 0.5y 100 .
A1=D60R12800,42=D60R25600,43=D120R12800,44=D1200R1280,45=D120R25600. 2 gh-tree
, ( 3 )s ,
« 4 )
z
2 40
= 30
[«3] —]
§ 20 — = —]
L;Uié 1?) I_l_l 1 1 1 —I 1
A1 A2 A3 A4 A5
W rgh-tree [ gh-tree O line

Fig. 2 Executive time of algorithms
2
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—— rgh-R12.8K
40
—m— rgh-
20 rgh-Do S rgh-R25.6k
et rgh-D120 30
30 s — ¢ Oh-R12.8k
—e— 9n-DEO 0 [ & X |
20 .'/X— 15 gh-R25.6K
gh-D120
10 X 10 X | | —*—lineri2sk
* : —X—line-D60 > _r"/__;J_
0 Ine- A -
0 = 0 —@— line-R25.6k
12.8k 25.6k —e—line-D12( 60 120
Fig.3 Executive time with datasize Fig.4 Executive time with dimensional
3 4
5
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An Algorithm Based on RGH-Tree for Similarity Search Queries
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Abstract: Similarity search is a very important problem in data mining. It retrieves similar objects in database
and finds proximity between objects. It can be applied to image/picture databases, spatial databases, and time-series
databases. For Euclid space (a special metric space), similarity search algorithms based on R-tree are efficient in
low-dimensional space, but degenerate into linear scan for high-dimensional space. This phenomenon is called
dimensionality curse. This paper presents a new partition and index method of metric space, rgh-tree which
distributes and partitions objects by using distance information of objects with few fixed reference. It produces a
balance tree with no data overlay. In addition, an algorithm based on rgh-tree, which is suitable for similarity search
in metric space, is presented in this paper. The algorithm overcomes the shortcomings of the exiting algorithms,
which has less I/0 cost and times of computing distance, with average complexity o(n>%).

Key words:  algorithm; similarity search query; metric space; database
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