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CS-Tree : Cell-based Signature Index Strucutre
for Similarity Search in High-Dimensional Data

Kwang-Taek Song'- Jae-Woo Chang'’

ABSTRACT

Recently, high-dimensional index structures have been required for similarity search in such database applications as multimedia database
and data warehousing. In this paper, we propose a new cell-based signature tree, called CS-tree, which supports efficient storage and retrieval
on high-dimensional feature vectors. The proposed CS-tree partitions a high-dimensional feature space into a group of cells and represents a
feature vector as its corresponding cell signature. By using cell signatures rather than real feature vectors, it is possible to reduce the height
of our CS-tree, leading to efficient retrieval performance. In addition, we present a similarity search algorithm for efficiently pruning the search
space based on cells. Finally, we compare the performance of our CS-tree with that of the X-tree being considered as an efficient high-dimensional
index structure, in terms of insertion time, retrieval time for a k-nearest neighbor query, and storage overhead. It is shown from experimental
results that our CS-tree is better on retrieval performance than the X-tree.

FI/E : YElOjCio B8 HM(multimedia information retrieval), 1A Mel 7[# (high-dimensinal index structure)
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Input :
An index tree T, input feature object p;
Output :
The new CS-Tree that results after the insertion of p;
Variable :
1. Choose the best branch to follow, descend three until the leaf
node L is reached ;
2. Insert the feature object p into the leaf node L ;
3. If leaf L overflows then
4. Split the leaf into two leaves;
5. Extract the CMBRs from the signature of CMBRs that have
been changed
6. Update the signature of CMBRs that have been changed ;
7. Split an internal node if overflow occurs;
8. End.

(Algorithm Insertion)
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Input :
index tree T, query object q;
Output :
NNg (k) : k-nearest neighbor of q ;
Variable :
PQ : queue list of node to search
Nc : current node ;
k_nn_dist : distance of k—nearest neighbor ;
Reg (Nc) : CMBR, region of Nc ;
d (q, pi) : distance between point q and point pi ;
dmin (q, Reg (N)) : MINDIST between q and Reg (N)
demax (k) : CMINMAXDIST(k) of q in PQ

1. Initialize PQ with a pointer to the root node of T ;

2. Compute k_nn_dist, Let k nn_dist = o ;

3. While PQ > @ do:

4. Extract the first entry from PQ, referencing node N ;

5. Compute k_nn_dist : Let k_nn_dist = min (domax (k ),
k_nn_dist) ;

6. I dmin(g, Reg (N)) = k_nn_dist then exit, else read N ;

7. If N is a leaf node then :

8. For each point pi in N do:

9. If d(g, pi)<k_nn_dist then:

10. Insert pi into NNg (k), k_nn_dist=d(p, pi) ;

11. else:// N is an internal node

12. For each child node Nc of N do:

13.  If dmin(q, Reg (Nc)) < k_nn_dist :

14. Update PQ performing an ordered insertion of the pointer

to Nc;
. 16.  Update domax (k) in PQ;
16. End.
(Algorithm Kk-NN)
4. AY W

£ =M ALE CS-EE SUN Enterprise 15031
A Solaris 26 +FAAAN FEHUS. o2 I}
& 913l 22 1000007319 Synthetic HlolE] Al(set)¥ Real
Hole] g o]gdct A A M3 Synthetic HlolE

& #% £XE olF3 th Real Hlolg AL ofyro]
A MPEG F949A4 100000 719 I-ZgJ o2 i &
& A4 53 dE Aol & Felx X-E A Az
k-H2d Addl did A A} zda FAAREL &
HolA A5 HaE FRVT <E 2> HYAA AHEE
CS-E¥ 749 AAE vehdoh

(& 2) AEelx

Synthetic Data | Real Data
AgdEele & 10,0000
Holx 27 4096 bytes
A4 k 100
Ao vES b 8

4.1 &gl Ak

A9 Azke 7 A wE 54 deER 74 dolH
100000 Ae A9 Hdo] A o L£8HE ARto|th
(28 79 (@& Synthetic HoE}& Ao} AYs= 3
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CS-Eci: DA HIOIEQ RAY ZM8 2T 4-7I8t AJLIX M0l 7X 31

% Animation HoJ8 25 ti3] CS-Ezll A9 Azhe
X-£gj¢ vs@ 238 Jehdt

42 HY A2t

A e B7HE A8 NEHY FA 23S P99 k-
H2d 29 AN g HA THsearch time)e A
o AeHstE A8 94 BN 87EHE d23 0%
g AE A k-HTH Ao A AR ke
100 ol A9 B4 100MeE HF e ogdt) (1
H 89 (ae k-HZH 298 A8 87dHE g23 10

TE& UG X-EE 103449 4% d23 /0 A
= 37 4679, 20x4 9] 3§ 26028 0lH, CS-EdE 10
A9 34 t23 /O H2 271 3064, 2039 9 A
5 182902 AMH R Fiw ok (1Y 8)9 (b)
o] AA HAY AT Wall AZlA X-EgE 20449Y
AE % 172, CS-E¥E 9 1228, CS-Eg7}t By ¢4
# A5 E B

2500 e

£

1500 pr

Number of I/0

1000}

X-Trea Wall

DCS-Tree CPU
Wall:

Search Time(s)

(b) A4 A3+ (CPU, Wall)

(22! 8) Synthetic HIO[E] Aol CHEH k-NN Z4 M& BI}
(k=100)

(¥ 9€ Real dioJHo| i k-4 Heo FAk=
10008 Y% g3 /O 859 FYAE Uehdoh F4
AR A CPU A|7HE X-Egl¢} CS-E7) v&§ A9S
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