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Abstract With the prevalence of multi-~dimensional data such as images, content-based retrieval
of data is becoming increasingly important. To handle multi-dimensional data, multi-dimensional index
structures such as the R-tree, R*-tree, TV-tree, and MVP-tree have been proposed. Numerous
research results on how to effectively manipulate these structures have been presented during the last
decade. Query processing strategies, which is important for reducing the processing time, is one such
area of research.

In this paper, we propose query processing algorithms for R-tree based structures. The novel
aspect of these algorithms is that they make use of the notion of VP filtering, a concept borrowed from
the MVP-tree. The filtering notion allows for delaying of computational overhead until absolutely
necessary. By so doing, we attain considerable performance benefits while paying insignificant
overhead during the construction of the index structure. We implemented our algorithms and carried
out experiments to demonstrate the capability and usefulness of our method. Both for range query and
incremental query, for all dimensional index trees, the response time using VP filtering was always
shorter than without VP filtering. We quantitatively showed that VP filtering is closely related with
the response time of the query.
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Procedure RangeQuery(tree R, query object Q, range r)

R1 if R is a intermediate node //scarch intermediate node of the
tree

R2 for each entry E of R

R3 if MINDIST(Q, E) = r

R4 RangeQuery(E, Q )

R5 if R is a leaf node /fsearch leaf nodes

R6 for each entry object O of R

R7 if d(Q, 0) =«

R§ report O as a solution;

a1 9929 Mg d3gE

a9 18 994 A d3ES vepe, MINDIST
(QE)E ZF94H Q9 84 == AE E%9] H2A
& Jehach e, o9 e Waez J9gAes
S, Ao A5l g ANEF] FIE

ZAstedo} 3, ol AP AAE RH}D Y nA

2o] 2zl AmAAS o7EkA "k & &
o}, 19 2¢] Uehdutel o] MBR A, B ,Coll z7 2

A Eo] EAgch olwl, 2] o Xo AFEe éH%—
Agst7l YeiMe MBR A, B Col EAjste &
Ao} AAE st ALAGE FHsiol vk O
U AAZ A9 99 ol Ak AAe shtoltt
o]} Zo|, A& AN AAE F A2 4R 7li
Ase] AA sigel AFte AUt difEel=
Ao A7 HFPo| EAEA & A e ﬂaﬁl&
NzEe Az lojd ewFleg 2gsie, AnAo
2 29 A AN7HE £3= 98¢ A "ok gy,
o] AA I, wojepolz o] MM 7} 718 F
FHo g EAETE o Ay L 1A gok 2

a9 2 9929 AdNe 2E 2

HEg, o2 LHI=E HUF &7 fstd AY
Aol tigo] He AAL #& HUE €9 F e

gH3 7o) a7k
212 F7IA 87 k-NNQ(ncremental k-NNQ) 2
o)X &

F7MHez Aodes A3 WAL HZHAALT
HoJ(NNQ 32 Point Query)S 33l 390 AME-
8] 2o FEHOE Ay g E shte] 2o
A7 whalojt. —7;‘—7}7—'15‘413-?7:—-19] Aele 7Edez A}
£271 FolR Sl vEslA Eitn FUHHeR st
U g'e7sH He ZEE unE & =S sivh o
A, o3 548 A d9E AIE, A AA
Aol wHEBlA] Ee Aol og AHE Fitr] Yst
o dE AgRH A £33 Fart oA 7%
29l Aegle] diszted k-NNQo| ojMes @A v k
EAY, 994900 dojAe Y r& W

rl

Algorithm Incremental_ranking(query object Q)

01 Priorityqueue queue;

02 queue.nsert(0, root);

03 wait until get_next is called

04 while not queue.isempty{) do

05 Element first = queve.pop();

06 case (first)

07 intermediate node :

08 for cach child entry in first do

09 queue.insert(MINDIST(Q, child entry rectangle),
child entry)

10 leaf node :

11 for each child object in first do

12 queve.insert(MINDIST(Q, child object),

child object}

13 object :

14 report first

15 wait until get_next is cafled

16 endease

17 endwhile
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struct intermediate_node_entry // F =5 F*F
{
node_range_description;
p - child_node_pointer;
}
struct leaf node_entry // B3 xE FZZ
{
node_range_description;
d : distance from vp; //VPEZRE 23919l 7l2]gt
p : object_pointer; // A 2o ¥l
}
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Procedure RangeQuery(tree R, query object Q, range r)
Rl if R is a intermediate node //search intermediate node of
the tree

R2 for each entry E of R
R3 if MINDIST(Q, E) < r
R4 RangeQuery(E, Q, 1);

R5 if R is a leaf node //search leaf nodes
R6 for each entry object O of R

R7 if d(VP,Q)-r < d(O, VP) < d(VP,Q)+r

// filtering condition checking
R8 ifdQ O) <r
R9 report O as a solution;
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<d(VP,Q)+MINMAXDISTYQ,R))
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Procedure Incremental NNQ{query object Q)
Pl PriorityQuene Main_Q; # in order of distance from the query point
P2 PriorityQueue Retrn_Q; // in order of distance from the query point
P3 Queve Delay_Q; // No special ordering
P4 Numeric Qmax, Rmax;
P5 Main_Q.insert(0, root);
If Continue until ail objects are returned
P6 while (.not. Main_Q.isempty()) .or. (.not. Return_Q.isempty())
.or. (not. Delay_Q.isempty())
P? if {.not. Retura_Q.isempty())

P8 if (.not. Main_Q.isempty())
0T, d(ketum_a.top, Q) < MINDIST(Main_Q.10p, Q)
P9 ReturnQPop();
P10 wait until next nearest neighbor is required;
Pl else

P12 MainQPor();

P13 else if (mot. Delay_Q.isempty())
P14 DelayQAlMove();

P15 else if (not. Main_Q.isempty())
P16 MainQPop():

Pi7 eadwhile;

P18 report ("ao_more_object’);

Procedure MainQPop()
Mi

M2 top=Main_Q.top;
Qmazx=distance of the farthest object of the Retwrn_Q;
Rmax=0; /* distance of the object with the maximum distance
among those selected to be put in the Return_Q */
if top is leaf node
for each child object of the top
if the child object satisfies the condition
N Check the filtering conditions
(d(VP,Q)-MINMAXDIST(Q.R) <d(VP,child object)
<d(VP.Q)+MINMAXDIST(Q R})
.and. {(d{child object,Q)=MINMAXDIST(QR))
if d(VP, child object) > Rmax
‘)Rmax:d(VP, child object); }
#if an object satisfies
the filtering conditions then sent to Return_Q
put it into Return_Q;
else
J1 i an object does sot satisfy
the filtering conditions then sent to Delay_Q
ut it into Delay_Q:
for each object of the Return_Q
if ¢(VP, object) > Min(Qmax, Rmax)
put it into Delay_Q;
else /f top is intermediate node
for cach child of the top
reigsert the child into Main_Q according to their MINDIST;

ZEXT X T[T
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v e

TETZTIZx
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=
=
v

Procedure ReturnQPop()
{ Update the Retrn_Q
according to the distance after popping the top object; }

Procedure DelayQAlIMove()
{ move all objects of Delay Q
to the Return_Q according to their distance; }
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