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VA-Tree : An Efficient Multi-Dimensional Index
Structure for Large Data Set

Tt

Seok Il Song', Seok Hee Lee'", Ki Hyung Cho'™ and Jae Soo Yoo

ABSTRACT

In this paper, we propose a multi-dimensional index structure, called a VA(Vector Approximate)-tree
that is constructed with vector approximates of multi~dimensional feature vectors. To save storage space
for index structures, the VA-tree employs vector approximation concepts of VA-file that presents feature
vectors with much smaller number of bits than original value. Since the VA-tree is a tree structure,
it does not suffer from performance degradation owing to the increase of data. Also, even though the
VA-tree is MBR(Minimum Bounding Region) based tree structure like a R-tree, its split algorithm never
allows overlap between MBRs. We show through various experiments that our proposed VA-tree is
a suitable index structure for large amount of multi~dimensional data.
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Procedure SplitNode
Start procedure
Oldent, Splitent = currentnodeE ¥& ( SplitLeafNode &% );
While (currentnode != ROOT )
Parentnode = pop(stack);
parentnodesl| A currentnoded) 3§ AEZE oldentZ W7,
If (parentnode.entnum == OVERFLOW)
ParentnodeS & &g},
(SplitInternalNode &% )
7 Else
8 splitentZ parantnodes] AY:
9 end if
10 end while
End procedure

SO W N =

12| 9. SplitNode ¢112|&

Procedure SplitLeafNode
Start procedure

1 MBR = ©@¥Xx=2¢] MBR;

2 for { B8 4 2% AX2F Wiy )/ 58 AR BEAALE FE
3 for ( BE o] wisha] )

4 if (3% x-9e] MBR ol B8 13 W #EF shuel Z2A dew)
5 candidatedim[] = ¥ A,

6 candidatepos[] = MBR*l ZHA J& 8 & 2599 2k

7 end if

3 end for

9 end for

10 if ( candidatediml] & 747} 2 o)4dold )

11 candidatediml] = AEE] 7}% #5584 2&HE 239,
12 if ( candidatedim{] & 7R4§7} 2 ojA}ol® )

13 candidatedim[] = candidatedim °] wW3iA W7t = Y,
14 if { candidatedim{] & 7§57} 2 o) Qo)W )

15 splitdim = candidatedim[15 999l x}¢;

16 splitpos = candidatepos(1% €199 2-9;

17 else

18 spltidim = candidatediml]; splitpos = candidateposl];
19 end if

20 else

21 spltidim = candidatedim{};splitpos = candidatepos(];
22 end if

23 else

24 spltidim = candidatedim[];splitpos = candidatepos|];
25 end if

26 splitdim® splitpos ©f Wely ==& 23
271 % =0 gk dEZ A4 2 vkgl (oldent,splitent);
End procedure

22! 10. SplitLeafNode ¢2|&
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SAEHE W AR Z o PAzch g Aas 2 9ty A7) 7S wE ZARAE 717 AA] )
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Procedure SplitInternalNode
Start procedure

1 NodeMBR = :X¢] MBR;

2 for ( & ol dishiA )

3 for ( ==U9] Z& MBRel tisfiA )

4 orgMBR[] = == 9] MBRE orgMBRZ ¥H3

5 end for

6  splitpos = 3T L dh3] NodeMBR zkol ZAA e -4 ':’Q%’Ji];
7  if( orgMBR[19] MBRE< splitposl tjaijA 7Adgle] B&7ts

8 candidatedim(] = €A 2,

9

end if
10 end for
11
12 if ( candidatedim[] &} 7A5=7} 2 o]/del® )
13 candidatedim[] = Q1EZ E°] 7H¢ THSA £EH= AY;
14 if ( candidatedim[] & 7A5=7}F 2 o]Fold )
15 splitdim = candidatedim{15 ¥2¢] 2}
16 splitpos = candidatepos[]E 9] ¥
17  else
18 spltidim = candidatedim[];splitpos = candidatepos[];
19  end if
20 else
21 spltidim = candidatedim[];splitpos = candidatepos[];
22 end if
23 splitdim®} splitpos ol W&t =& B¢,
24

25 F 2Ed 3 dEZ HA 2 93 (oldent,splitent);
End procedure

3 11. SplitinternalNode €31El&
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Procedure Delete
Start procedure

1 9
2 Leafnode = TargetentE 2}4|g
3 If (LeafNode.entnum == Empty)
do while ( 1)

if (39¥x== == Empty)
continue;

10 else

11 exit;

12 end if

13 end while

14 else

15 exit;

16 end if

End Procedure

O 0o~

=A4uE(F)E wm:u}xmn

Aol A ASelE A

=4
o

k33
=& FerHlocateNode E5);

28 12, Delete €12|&

FAIE A4S 3 13 1301k Zol 1 A
2 AY SAHE) 7 FAS RS 1
o= 2ol IRJNEA HE ZA H G T
E7A) 9 ZAL ARl o2 PP, A Yol
o) FRIE)A HA) BloJE 7R A o7 A
dachk 27 A% kiA AR E JehliE K
A Fh(result_k_dist) Z7]X] cool| A HH =lel=l

: Procedure Search

' Start procedure
1 2% 3%, 32 3% KA A = oo
2 A9 TQE ==> HEZAINZ Wik

3 while ( K&#l Ag] > FH 73 A w5 A)
4 i (3R AY A WA} Hgder)
5 Hig g = ol ﬂéav}x A A4k
6 Koid 7Azin 42 ded= Zr I A
7 ese if (X IAY A WA Gk )
8 g =y )] ﬂEEW}XH 7% A4
9 KA Azlid 48 dEE 21 ﬂwﬂ RN

10 else if (2R AT A %a}m— ) ,E_:'-}\]-z]
1L AddeN MERAAANS Arl Ak
2 2% Y A

13 K¥ig Azlg 232

14 end if

15 end while

4 2% I KAE 9

End procedure

a3 13. Search ¥12l&
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