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Abstract

A new indexing structure called Spatial kd-Tree is proposed in the book named, “Ef-
ficient Query processing in Geographic Infomation Systems” by Beng Chi Ooi. The new
structure supports two types of search, namely the Containment search and Infersec-
tion search in order to facilitate the evaluation of querles involving spatial (geog;_etrig)
objects. I have implemented the skd-tree structure for isothetic rectangular objects

for retrieving all objects which are contained in or infersect with the isothetic query

rectangle. I have extended the structure and have seen its implementation for convex

polygonal objects keeping the query rectangle as before (i.e, isothetic rectangle).

Further extension i1s made for finding the intersection between convex polygonal object

and i1sothetic rectangle and also for finding the area of the intersecting region.



1 Introduction

In Geographic Information Systems, the database represents a collection of geographic
objects in a two dimensional map. Each geographic object can be classified as belong-
ing to a particular entity class such as city, road, lake etc. Objects are described by
their aspatial attributes {e.g, population, name etc )-as well as their spatial attributes
(e.g, location). Furthermore, they may be grouped into 3 generic spatial object classes

namely, point, line, and region. OQur project deals with region type objects.

On a given map, the geographic objects may intersect with or may contain other objects.
In GIS, the entities have a physical location and extent-in some spatial region of interest
and queries involve identification of these entities based on their spatial or aspatial
attributes and spatial relationships. Spatial relationships are intersection, containment,

adjacency etc. Intersection can be used to answer queries of the form “which roads

intersect with B. T. Road *.

Conventional database management systems are not suited to the task of efficient eval-
nation of spatial relationships. Some sort of spatial indexing machanism must be sup-
ported. Without 2 spatial index, a query such as “Find all objects (e.g, lake) that are
within a radius of 10 kms froni 1.5.1.” may require a search of the whole database. This

will be grossly inefficient compared to the retrieving only objects in the neigibourbood
of LS.L

One structure that has been proposed for spatial indexing structure, for efficient storage

manipulation and the ease of information retrieval for non-zero sized objects is calied

spatial kd-tree { skd-tree) . The skd-tree structure avoids storing the object duplication
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and supports two types of search, namely infersection and containment search.

Tnput : A global map , objects { represented by a region in 2D-dimensicnal

space) on the map and a query region.

Output : Retrieving of all cbjects which intersect with or contained in the

query region that satiesfies some geo-predicate.

To get output, first step is to store the geogragphic objects using skd-tree structure and
later depending on search type retrieve all the 0] ects within the query region.

Note thﬁt objects such as lake, road etc do not conform to any fixed shape. The
" methods of region decomposition and minimum bounding rectangles ( MBR ) are used
to approximate irregularly shaped spatial objects. First we consider the objecis as

represented by isothetic minimum bounding rectangle. Later, we shall consider objects

as represented by convex polygons.



2 DESCRIPTION OF THE SPATIAL SKD-TREE
 STRUCTURE

At each node of a skd-tree, a value (the discriminator value) is chosen in one of the
dimensions to partition a k-dimensional space into two subspaces. The two resultant
subspaces, HISON and LOSON, normally have almost the same number of data objects.
Since a space is always divided into two, we require only one exira value for each

subspace: the maximum of the objects in the LOSON subspace, and the minimum of
the objects in $he HISON subspace; along the dimension defined by the discrimmator.

Thus the structure of an internal node of the skd-tree consists of

1. Two child pointers;
2. A discriminator;
3. A discriminator-value;

4. The maximum value of upper-ordinate of objects in LOSON along the dimension

specified by discriminator;

5. The minimum value of lower-ordinate of objects in HISON along the dimension

specified by discriminator.
Hence, internal nodes are of the form

(disc, disc-val, loson-ptr, hison-ptr, max-loson, min-hison)



Where dise indicate the dimension that is being partitioned and disc-val is the value =
that partitions the space. The max-loson is the maximum range value of the LOSON
subspace and the min-hison is the minimum range value of the HISON subspace along

the dimension specified by the dige. loson-ptr and hison-ptr points to left and right

child node respectively.

Leaf nodes are of the same form as the internal node. But in leaf nodes hison-ptr is the
address of the datapage in which objects identifier and its minimum bounding rectangie
stored. min-hison and max-loson are respectively the minimun and maximun range

values of the objects in the datapage along the dimension specified by dise



3 DESCRIPTION OF THE DIFFERENT FUNC-
TIONS '

Ponctions and Descriptions

ORDINATE (brty,dim) :

Arguments - br: bounding rectangle; 1y, dim: int,
' ty = 1 for upper and ty = 0 for lower ordinate of
the bounding rectangle along dimension dim (dim = 0

indicate X dimension, dim = 1 indicate Y dimension).

~ Value returned - br[2.dim + ty].

-
MAX (x)y): ' '

Arguments - x,y: float;
Value returned - the maximim value of x and y .
MIN (xy): |

Arguments - x,y: float;

Value returned - the minimum value of x and y .

;



F]ND_BOUND (ptr, count) :

Arguments - ptr : page pointer; count : integer ( mo. of
objects in the datapage);
purpose - to determine dimension that has least coverage;
process is as below :
* for all dimensions ( i = 0 to 1.) do
calculate the covering rectangle; .
return that the dimension that have least coverage;

Value returned - 0 for X dimension, ! for Y dimension.

CONTAINMENT (brl, br2) :

_Arguments - bri, br2 : bounding rectangle;

purpose - to check if brl contained in bra.

Value returned - 1 if rectangle br2 contains bri otherwise 0.
The condition can be formulated as below:
ORDINATE (bri, 1, 0) <= ORDINATE (br2, i, 0) and
ORDINATE (bri, 0, 0) >= ORDINATE (br2, 0, 0) and
ORDINATE (bri, 0, 1) >= ORDIFATE (br2, 0, 1) and
ORDINATE (bri, 1, 1) <= ORDINATE (br2, i, 1).



INTERSECT (brl, br2) :

- Arguments - bri, br2 : bounding rectangle;

purpose - to check if two bounding rectaﬁgles intersect
or not.

Value returned - 1 if rectangle brl intersect with br2
otherwise 0. '
.The céndition can be formulated as below:
ORDIHATE (brt, 0, 0) <= ORDINATE (br2, 1, 0) and
ORDINATE (bri, 0, 1) <= ORDINATE (br3, 1, 1) and
ORDINATE (bri, 1, 0) >= ORDINATE (br2, 0, 0) and
ORDINATE (bri, 1, 1) >= ORDINATE (br2; 0, 1).

MIN_RANGE (ptr; count, dim) :

Arguments - ptr : page-ptr; dim : dimension;
g count : int (no. of objects in the datapage);
Value returned - the minimum range value along dimension,

dim of objects in the datapage to which pir

is pointing.




MAX RANGE (ptr, count, dim) :

Arguments - ptr : page-ptr; dim : dimension;

count : int (no. of objects in the datapage);
- Value returned - the maximum range value along dimension
dim of objects in the datapage to which ptr

is pointing.

Mﬂ_——ﬂ-—#ﬁ_—-‘m_.m

longest_dim_subspace (ptr) :

Argument - ptr : page_ pointer;

purpose - to determine the longest dimension of the space
 which contains all the objects in the page ptir.

Value returned - 0 if X is the longest dimension of the

' space, otherwise 1 (i.e, Y is the longest _

dimension of the space).

e

-mﬂ_ﬂ_“—_-—“—‘—'-ﬂ-_ﬂ_

bound rec (poly, rett) :

Arguments - poly : convex_ polygon,

rect : isothetic rectangle.
- purpose - given the vertices of a convex polygon it deter-
mines the isothetic minimum bounding rectangle

of the polygon.



Value returned - isothetic minimum bounding rectangle thr-

ough argument rect.

CENTROID (mbr, dim) :

Arguments - mbr : isothetic minimum bounding rectangle
dim : int (0 for X dimension, 1 for Y dimension):

Value returned - centroid of the mbr along dimension dim.

distance {pt1, pt2) :

Arguments - pti, pt2 . point;

Value returned - distance between two points.

area_triangle (ptl, pt2, p3) :

Afguments - pt1, pt2, pt3 @ point;

Purpose - to find the area of a triangle formed by three points.
This is done by finding the distance of three sides of
the triangle and using the resuit,
area = 8(s - a)(s -b)(s - c).

Value returned -area of the triangle.



seg_intersect (pseg, gseg, pt.intersect) .

Input. : pseg - array of two terminal points of the edge
of a pentagon;
. qseg - array of two terminal points of the edge

of a query rectangle.

Value returned - return 0 if segments does not intersect,
otherwise return 1 and the point of intersection

through the argument pt_intersect.

Purpose - Function for checking whether edge of a pentagon
and edge of a query rectangle intersect or not.
if they intersect, obtain the point of inters-
ection. The procedure is as follows :
if the segmenta are parallel then return 0;
else find_the point of intersection;
if the point of intersection cuts internally
to both the'segmeﬁts then set pt. intersect
and return 1; '

otherwise Return O;

-
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{ ALGORITHMS AND RESULTS FOR QUERY

SOLVING WHEN OBJECTS ARE ISOTHETIC
RECTANGLE

Here we represent object and query region each as an isothetic rectangle. An input
.ﬁle which contains record of each object consisting of object identifier and two corner
‘vertices. A query retrieves either all objects which infersect with or all objects contained
in the query rectangle. First we store the objects using skd-tree. Leaf node of the tree

points to the datapage. Fach datapage can hold a fixed number of ebjects; The structure

of each entity in the datapage is of the following form
(objid, lox, upx, lc;y, up.y)

where obj_id is the object identifier. lo x and up x are the lower and upper bounds of

- X ordinate. lo_y and up_y are the lower and upper bounds of Y_ordinate.

Search starts from the root of the tree. The algorithm search and some other required
algorithms described below :

4.1 Main_program

“Let fptr is the input file pointer.
read first record from input file.

" create a node say, root;

11



| create a datapage;
put the record into datapage;
~/+ initially root is the leaf node */
root.hison ptr points to datapage,
root.loson ptr = NULL;
“root.disc val = 1;
Calculate dim, is the shortest side of the object;
set root.disc to dim;
get root.max loson and root.min hison to maximum
~and minimum value of the the object along dim
respectively. .
¥hile not EOF do
K _
Read the next record from input file, Store it in oEje;
INSERT (obje, root);
}
. Read the mapspace say, br (i,e, the rectangle
in which all objects lies);
Read the query rectangle say qﬁery_ region,
read search type say , search iy,
SEARCH {(root, br);
cloge input file;

end main;

12



4.2 ALGORITHM Search

Input : node - an intermediate or a leaf node;
initially it is the root.
br - the subspace of the current node;
'initially the map space.
Dutput : A list of objects.
Comment : Traverse the tree from the root. The process
of searching is done recursively.
- gearch_ty - search type (containment or
intersection).
query region - the quéry region which is
isothetic rectangle. '

lo_br, hi_br - bounding rectangles used to

define LOSOYN and HISON subspaces.
SEARCH (node, br)

if node is a leaf ncde then

{
ORDINATE {br, 0, node.disc) = node.min-hison;
ORDIKATE (br, 1, node.disc) = node.max-loson;
if ( INTERSECT (br, query. region)) then
CHECK LEAF {node.hison_ptr, node.disc valj;

/* here node.disc-val contains no. of objects in the datapage */

13



return,

}
hi_br = br;
lo_br = br;
/% rectangles for HISON and LOSON subspaces */

if search ty is containment search then
{
ORDINATE (lo_br, 1, node.disc) =
MIN (node.disc_val, node.max_ loson);
ORDINATE (hi_br, 0, node.disc) =
MAX (node.disc_val, node.min_ hison);

}

else /* an intersection search */
{
ORDINATE (lo br, 1, node.disc) = node.max_ loson;
ORDINATE (hi br, 0, node.disc) = node.min hison;
}
if ( INTERSECT (lo_br,query_region)) then
SEARCH (node.loson, ptr, lo_br);
if ( INTERSECT (hi.br,query region)) then
SEARCH (node.hison, ptr, hi_br);
end. SEARCH.

14



- 4,3 ALGORITHM Insert

New records are added to the data page, and the page is split if it overflows. As the
free is traversed, the algorithm defermines the branching direction of each node and

updates the node if the minimum bounding rectangle(MBR) of the object extends over
 the node boundary. On reaching to a leaf node, the data page is fetched and insertion

may be performed.

Input : node - an intermediate node or a leal node;

initially the root.

: obj - an isothetic rectangular object to be
inserted.
Qutput : the updated skd-tree.

Comment : Use the centroid to determine the place of an

object. A splii occurs if the page overflovs.
INSERT {obj, node}

if node is a leaf node then

{
fetch the data page address by node.hison ptr;

if node.disc_val is < page_size then

{
insert the record into the data page;

add { to node.disc_val;

15



dim = FIND_BOUND (node.hison_ptr, node.disc_val);
if (dim == node.disc) then
K
node.min_hison =
NIN(ORDINATE(obj, 0, dim), node.min hison);
node.max_loson =
NAX(ORDINATE(obj, 1, dim), node.max_loson);
-} '
. else /* new boundaries in the leaf node */

{

node.disc = dim ;
node.min_hison =
KIN_ RANGE(node.hison, ptr, node.disc val, dim);
. node.max_loson =
MAX. RANGE(node .hison ptr, node.disc_val, dim);
}
 else
{
create a new internal node say, in_ root;
split (node, in root);
- INSERT (obj, in_root);

} return;

15



/* for internal node */ _
if { CENTROID { obj, node) < node.disc_val ) then
{
/* the centroid is in the LOSON subspace */
~ node.max_ loson = '
HAX(ORDIHATE(abj. {, node.disc), node.max. loson) ;
INSERT {obj, node.loson_ ptr);
2}

else /* the centroid is in the HISON subspace */

{

~ node.min_hison =
MIN(ORDINATE(obj, 0, node.disc), node.min_ hison);
INSERT (obj, node.hison ptr);

}
end, IHSERT.

44 ALGORITHM Split

Input : node - the leaf node whose data page is to
be split.
Output : an internal node which is pointing to two
 leaf nodes.
Comment : Data page to be split if there is no room

for inserting another object.

17



In root is a intefnal node which will be created.
split (node, in_root)

Get the dimension dim =
longest_dim_ subspace (node.hison_ptr);
for all objects of the page node.hison ptr
' (i = 0 to page_size - 1) do
calculate centroid(i] =CENTROID(object{i], dim);
Qrder the objects in the data page node.hison ptr

in the ascending order of their centroid along

dimension dim:

Calculate disc_value be the Halfway between object
mand m + { along dimension dim;

Partition the objects comparing their centroid
along dim with disc_value;

set in root.disc_val to disc. value;

Create two new datapages and redistribute objecis
of the old datapage into. new datapages by comparing
centroid of the objects with in_root.disc_val;
Create two new leaf nodes;

Father of the old leaf node will point to the in root;
delete old leaf node and also old datapage;

~ Link in root.loson ptr and in_ root.hison pir to

lef;;leaf node and right leaf node respectively;

13



Set all other fields of internal node and leaf
nodes as donme in insertion algorithm;
return;

end_split.

4.5 ALGORITHM Check leaf

“*Input : node - page pir;
count - integer(no. of objects in the datapage);
search ty : char ( search ty = 'i’ for intersection

gearch, and = 'c' for containment search );

- QOutput : get all objects in the data page which contained
in / intersect with the query rectangle.

Comment : Query rectangle passed globally to the function;
each object in the datapage checked whether it

intersects or is contained in the query region.

CHECK _LEAF (node, count)

temp : array of object;

/* temp assigned to the datapage to which node
is pointing. */

if (search ty == 'i’) then {

19



for all entities in the datapage(j = 0 to count) do
if (INTERSECT (temp(j], query region)) then display
temp[j].object. name;

return;

}
- if (search ty == 'c’) then
A
for all entities in the datapage(j = 0 to count) do
if ( CONTAINNENT (temp[j]. query.region)) then
display temp[j].object name;
return,

}
end CHECK_LEAF.

46 RESULTS:

~ Table - 1.1 and Fig - 1.1 in the last section shows the record of objects and geographical
representation of the objects. With the the records in the Table - 1.1, the steps of tree
construction during insertion are shown below :

Each node has following structure

dic-vl | Lpi | gt | Loz | i

disc
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The result of the query search shown below :

Input lower bound of x for map space : -1
Inpuf upper bound of x for map space . 70
Input lower bound of y fdr‘map space : -1
Input upper bound of y for map space : 70

sowrail

RESULT OF INTERSECTION SEARCH :
Input lower-bound of x for query region : 8
Input upper bound of x for query region : 42
Input lower bound of y for query regidn 8
Input upper bound of y for query region : 32

Input ¢ for containment search otherwise,

Input i for intersection search : i

Query region intersects with objects whose

names are : b, c, g h, j,a £,k

24



RESULT OF CONTAINMENT SEARCH :

-—--_-----#-‘---“_----—---ﬂ#---#---ﬂﬂ_-----“---

Input lower bound of x for query region : 12
- Input upper bound of x for query region : 42
Input lower bound of y for query region : &
Input upper bound of y fot query regidn . 42

Input ¢ for contaimment gearch otherwise ,

input i for intersection search : ¢

Query region contains objects whose names

are g, I,k



5 ALGORITHMS AND RESULTS FOR QUERY

SOLVING WHEN OBJECTS ARE CONVEX POLYG-
" ONAL SHAPED.

Here we represent each object as a convex pentagon and query region is an isothetic

rectangle. An input file which contains record of each object consisting of object iden-
tifier and five vertices of the ‘pentagon. Query is to retrieve all objects which intersect
with or contained in the query rectangle and also to obtain the region and area of in-
tersection. We shall store the objects using skd-tree. Leaf node of the free points to
the datapage. Each datapage can hold 2 fixed number of object. The structure of each
entity in the datapage is of the following form

(poly (objid, v1, v2, v3, v4, v5)}; obou(lox, upx; loy, upy))

where objid is the object identifier. vi(x, y), is the ith vertex of a pentagon. lox
and up.x are the lower and upper bounds of X_ordinate of its isothetic MBR. lo._y and
up.y are the lower and upper bounds of Y_ordinate of its isothetic MBR. |

Here we consider objects which are represented by a convex pentagon. Necessary algo-

rithms which are used for solving queries are described below:

5.1 M _Main _prhgram

Let fptr,optr are the input and output file pointers

respectively;

26



read first record from imput file say, poly;
create a node say, root;

create a datapage;

callﬂhound_rec(polygan; bounding, rectangle);

put the polygon and its bounding rectangle into
datapage;  /* initially root is the leaf node xf
root.hison ptr points to datapage;
root.loson, ptr = NULL;

root.disc_val = 1;

Calculate dim, is the shortest side of the
bounding rectangle; '

set root.disc to dim;

get root.max loson and root.min hison to maximum and minimum

value of the the bounding rectangle along dim respectively.
while not EQF reached do

¢

Read the next record from imput file, Store it in polygon;
call bound_rec(polygon, bounding rectangle); '
M_INGERT (pplygoﬁ. bounding. rectangle, root),

} |

Read the mapspace say, br (i,e, the rectangle in which

all objects lies);

Read the query rectangle say, query_ region;

27



i'?t'.ad gsearch type say , search ty;
ﬂSEARCH (root, br); '
tlose input and output file;

E?nd_ main:

$2 ALGORITHM M Search

Algorithm M Search is same as algorlthm Search which is described previously. Only
fgﬂlfference is the CHECK_LEAFT function which is replaced by M_.CHECK LEAF func-

tion.

'__.5.3 ALGORITHM m_insert

New records are added to the data page, and the page is split if it overflows. As the
' tree is traversed, the algorithm determines the branching direction of each node and
updates the node if the minimum bounding rectangle(MBR) of the object extends over

the node boundary. On reaching to a leaf node, the data page is fetched and insertion

L AT

may be performed.
[nput : node - an intei;mediafe node or a leaf node;
| initially the root.
. polygon - the object which is a convex polygon;
. mbr - isothetic minimum bounding rectangle of
the polygon to be inserted.

Output : the updated skd-tree.

28



Comment : Use the centroid of mbr to determine the place of 2
polygonal object.

A split occurs if the page overflows.

M_INSERT (polygon, mbr, node)
if node is a leaf node then
{
fetch the data page address by node.hison, ptr;
if node.disc_val is < page, size tﬁen '
{
insert the polygbn and mbr into the datapage,
add 1 to node.disc_val;
dim = FIND BOUND (node.hison_ ptr, node.disc_val);
/* FIND_BOUND uses only mbr of the polygon */
if (dim == node.disc) then {
node.min_hison =
HIHI(GRDIHATE(mhr, 0. dim), node.min_hison);
nqde,max_lescn = '
MAX (ORDINATE(mbr, i, dim), node.max_loson);
}
else { /% new boundaries in the leaf node %/

node.disc = dinm ;



node.min hison =

" KIN_RANGE(node.hison_ptr, node.disc_val, dimj;
node.max, loson = . '
NAX RANGE(node.hison ptr, mode.disc. val, dim);
/% MAX_RANGE and NIN RANGE uses only mor of the polygon */

}

else

{

create a new internal node say, in root;
m_split(node, in root);
M_INSERT(polygon, mbr, in_rbot);

}

return;

}

/% for internal node */

if ( CENTROID( mbr, node) < node.disc_val ) then

{
/% the centroid is in the LOSON gubspace */

node.max losem =
MAX (ORDINATE(mbr, 1, node.disc), node.max_loson);

¥_IWSERT (polygon, mbr, node.loson_ ptr);
}

30



elge {  /* the centroid is in the HISON subspace #/

node.min hison = - -

MIN (ORDINATE(mbr, 0, node.disc), node.min_ hison);
N_INSERT (polygom, mbr, node.hisonm. ptr); '

_ }
and M_INSERT.

54 ALGORITHM M Split

Input : node - the leaf node whose datapage is to
be split. |
Gﬂtput . an internal node which is pointing to two
leaf nodes.
Comment : Data page to be split if there is no room for

ingerting another object. In root is a intermal

node which will be created.

m,split(node, in root)
Get the dimensiPh dim =
longest dim_ subspace(node.hison ptr);
/* to determine longest dimension, use mbr of the objects */
for all objects of the page node.hison ptr
(i = 0 to page size - 1) do
calculaté centroid[i] = CEUTROID (object{i].mbr, dim);

31



Order the objects in the datapage node.hison ptr in the
ascending order of their centroid along dimension dim,
Calculate disc_value from objects’ mbr be the Halfuway
 betueen object m and m + 1 along dimension dim;

Partition the objects comparing their centroid of mbr
along dim with disc_value;

set in root.disc_val to disc_value;
Create two new datapages and redistribute objects of the

old datapage into new datapages by comparing centroid of
the mbr with in_root.disc val;

Create two new leaf nodes;

Father of the 0ld leaf node will point to the in_ root;
delete old leaf node and also old datapage;

.Link in root.loson ptr and in root.hison ptr to left leaf
node and right_ leaf node respectively;

Set all other fields of internal node and leaf nodes

as done in insertion algorithm;

return;

end m split.



55 ALGORITHM M Check leaf

~ Imput : node - page ptr;
count - integer { no. of objects in the datapage);
search ty : char ( éearch_ty = 'i* for intersection
search, and = 'c¢' for contaimment search );
Output : get all objects in the data page which contained
in / intersect with the query rectangle. Obtain
the region of intersection and its area.

Comment : Query rectangle and optr passed globally to
the function.

optr is the file pointer where intersection

and area stored.

N_CHECK_LEAF (node, count)
temp : array of object and its NBR;

/% témp agsigned to the datapage to which node is polinting. %/
if (search ty == 'i’) then
{ _
for all entities in the datapage (j = 0 to count ) do
polygon_query._ intersection(temp(j].poly, query.region,optr);
return;

}
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if (search ty == 'c') then
{
for all emtities in the datapage (j = 0 to count ) do
if (CONTAINMENT (temp[j].abou..query,regian)) then
polygon;query_inte;section(temp[j].poly. query_regiaﬁ,optr);
return;
}
end N CHECK, LEAF.

~wrnil

9.6 AGORITHM Polygon_query intersection

Algonithm for determining the vertices of intersection of a convex pentagon & query

rectangle and also the area of the intersecting region.

Input : q rect - is a query rectangle;
polyl -is a convex pentagon with identifier and
vertices.
optr - is a pointer to the out;ut file in which
intersecting polygon & its area stored.

Dutput : A file of record which comsist of intersecting

polygon and its area.
Comment : The process is as below :

all the vertices of the pentagon which are inside

the query region, stored intc an array.
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If a corner vertex of the query region is inside the
péntagon. are also stored in the array. Also store
all the intefsecting points of pentagon and query
rectangle into that array. Get the centroid of the
points in the array. Determine the polar angle of
the vertices in the array from centroid. Sort the
points w.r.t their polar angle. Finally, we shall
get the vertices of the intersection. To get the
area of intersection , we draw the triangles which
are formed by centreid and other two consecutive
vertices of intérsection. Adding the area of each

triangle we get the area of the intersection.

polygon query, intersection (polyi, q rect, optr)
poly : array of the vertex of the pentagon;
temp : array of the vertex of the q.rect;
q.count, a_count : integer;
arr . array of vertex;
a, count = q count = O;
store the vertices(x,y) of polyl into poly;
for all vertices in poly (i =0 to 5 ) do
if (point_check_ in_qregion (poly[il.x, poly[il.y, q rect)) then

/* vertex is imside the query rectangle. #/
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.
arr(a count] = poly[i];
add 1 to a_count;
}
if ( a_count == 5 ) then
/% All vertices of the pentagon are inside the query
rectangle. So, pentagon itself is the intersection. */
y -
area_of_ intersection = find_ area (irr, a_count) ;
put the vertices of intersection & area_of_intersgction
into output file through optr;
return,
}
store vertices of q rect to temp;
for all vertices in temp (i = 0 to 4) do
if (poinf_check_in_poly (temp{i].x,temp{i].y, poly)) then
{ /* vertex is inside the pentagon. */
arr[a_count] = temp[il;
add 1 to each a count and g_count;
}
if ( q count == 4 ) then
/* All vertices of the query region are inside the

pentagon. So, query region itself is the intersection. */
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{

area_ of_intersection find_area (arr, q count);

Put the vertices of intersection & area of intersection
into output file through optr;

return;

}
for each edge of the pentagon do
¢ -
for each edge of the query region do
if (seg_intersect (poly edge, query_ edge,intersect pt)) then
{ _
store intersect pt into arr;

add 1 to a_count;

}
}

/* Now arr contains all the verticés-of the intersection
but, vertices are mot ordered. Also arr may contain
duplicate points */

if ( a count <f3 ) then return;

/* Because intersection of polygon and query region
should be at least a triangle */

Let centre(x,y) be the centre of the intersection obtained

by averaging all the vertices of arr;

37



Calculate the polar angle of each vertex of intersection

from centre;
QOrder the vertices of intersection by ordering polar angles;
Remove all the duplicate vertices having same polar angle.

Hence get an array say, final array of ordered vertices of

intersection and no. of vertices say, final count;

/* Next we calculate the area of intersection */

area_of_ intersection = find_area(final_array;ﬂfinal_count);
put final array and area of intersection into output file;
return;

end_polygon_query intersection.

R ALGORITHM Point _check_in_gregion

Algorithm for checking a point whether if is inside of an isothetic query rectangle or

not,

+

Input : pt{x,y) is a point;
q.rect is a query rectangle;
Output : if pt(x,y) imside the'qﬁery region then return 1,
else return 0;
point_check, in qregion (pt.x, pt.y, q.rect)
if ((q_rect[0] < pt.x) and (q.rect{i] > pt.x) and
(q.rect[2] < pt.y) and (q rect[3] > pt.y)) then return (1);
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else  return (0);
/+ point outside of the query.rectangle */
end_ point_check in gregion .

5.8 AGORITHM Point_check_in poly

Algorithm for checking a point whether it is inside of a convex pentagon or not.

Input : pt(x,y) is a point;
poly is an array of vertices of a convex pentagon;
Output : if pt(x,y) inside the pentagon then return 1,
else return 0; .
Comﬁent . procedure is as follows :
Consider a line passes through the given point
pt(x,y) and parallel to the x axis. Let the line
cuts at j number of points to the edges of the
pentagon. Number of cut points to the right of
the given point pt(x,y) is rsol count. If j =0,
pdint pt(x,y) is outside of the pentagon. Value of
j will Dbe &%mgst 2. If rsol_count is 1, then the
puint inside the pentaguﬁ, otherwise outside of

the pentagon.
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point_check in_poly (pt.x, pt.y, poly)
k, rsol_count, sol count : integer,
pti, pt2, sol, soli[2] : point;
Initialize rsol count, sol count to zero;
for all edges of the pentagon (i =0 to 4) do {
ptl = polyl[i]; I
k=(1+1) mod 5 ;
pt2 = polyfk]; _
if (pti.y == pt2.y) then go to end of the for loop ;
/* edge of the pentagon parallel to the x axis. */

else
if ( ptl.x == pt2.x ) then {

/* edge of the pentagon perpendicular to the x axis. */

gol.x = ptl.x;
gol.y = pt.y;
}

elge {

/* edge of the pentagon cuts the line which passes
through the given point and parallel to the x axis. */
sol.y = pt.y; '
sol.x = pti.x + ({pt2.x - pti.x)*(sol.y - ptl.y)) /
(pt2.y - pti.y);
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dl = distance (pti, sol);
d2 = distance (pt2, sol);
d = distance (pti, pt2):*
if (| d-dl -d2 | is less then very small quantity ) then

{

:ﬁ

/* Line which passes through the given point &
parallel to the x_axis cuts internally to the
edge segment of the pentagon. */
store sol to soli[sol_ count],
add 1 to sol count;
if ( sol_count = 2} thén go out of the for loop;
/* Since line which is parallel to x axis & passes
through the given point cuts atmost two times to
the edges of the pentagon */
} /* end of forloop */ '
if (sol count == 0) then return(0);
/s point is outside of the loop */
Calculate rsol count, the number of cut points to the
right of the given point;
if ( rsol count == 1) then return(l);
/* point is inside the pentagon */

end_point_check in_ poly.
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59 ALGORITHM Find area

Algorithm for finding area of a convex polygon.

Input : arr - array of vertex(x, y) of a convex polygor
. ¥, count - no. of vertices of the polygon.
Output : area of a polygon.
Comment : Area of a convex polygon can be found by
adding area of triangles which are formed

by three points, centre & two comsecutive

vertices of the polygon.

find area (arr, v_count)

int i, k;

Initialize centre.x = centre.y = 0;

sum = Q;

for allﬁvertices (i=0to v count - 1) do

{

centre.x

centre.x + arrfli].x:

centre.y + arr[i].y;

centre.y

}

centre.x

centre.x / v count;

centre.y = centre.y / v, count;



for {1 = 0 %0 v_count ~ 1) do

Coodntl = are{il; B = (L + 1) mod v count;

-

i

pointd = arrik;

sum = sam + area triangle {centre, pointl, point2) ;

5.10 RESULTS

Table - 2.1 and Fig - 2.1 in the last section shows the record of objects and geographical
represention of objects. With the records shown in Table - 2.1 the results of the query

are shown below .

Input lower Eeu;xd of x for map space : -1

Input upper bound of x for map space : 70
Input lover bound of y for'map space : -1

Input upper bound of y for map space . 70
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RESULT OF INTERSECTION SEARCH :

Search type = i

- QUERY REGION : Lower bound of X= 12.00

Upper bound of X = 42.00
Lower bound of Y = 8.00
Upper bound of Y = 32.00

The object-name, vertices of the intersection between query

rectangle and object, area of intersection are shown below :

8

a

)

(12.0 11.0) (12.00 8.0) (14.0 8.0) Area = 3.000

(25.0 27.0) (15.0 24.0) (12.0 22.8) (12.0 17.9)

(16.0 17.0) (22.0 20.0) Area = 72.850

- ’

(19.0 32.&) (12.0 32.0) (12.0 27.7) (16.0 20.0) Area = 19.167

(32.0 15.0) (27.0 15.0) (23.0 11.0) (27.8 8.0)
(33.0 8.0) (36.0 11.0) Area = 63.300

(42.0 24.3) (40.0 27.0) (36.0 28.0) (36.0 18.0) (42.0 17.5)
Area = 39.083 ‘

(42.0 32.0) (38.5 32.0) (40.0 31.0) Area = 1.750
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RESULT OF CONTAINMENT SEARCH :
Search type = ¢

QUERY REGION :
Lower bound of X = 10.00

Upper bound of X = 47.00
Lower bound of Y= 4.00

Upper bound of Y = 40.00
The object-name, vertices of the intersection between query

rectangle and object, area of intersection are shown below :

¢ (21.0 34.0) (15.0 35.0) (10.0 33.0) (10.0 27.0)
(16.0 20.0) Area = 51.500

i (23.0 11.0) (3.0 6.0) (36.0 11.0) (32.0 15.0)
(37.0 15.0) Area = 68.500

e (30.0 18.0) (45.0 17.0) (43.0 23.0) (40.0 27.0)
(36.0 280) Area = 51.000

m (37.0 33.0) (40.0 31.0) (42.0 32.0) (42.0 35.0)
(39.0 37.0) Area = 19.000
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6 Tables and Figures

Table - 1.1
Table showing the object name and its lower

left-corner & upper right-corner vertices.

e O rFE ey B FE-n N N R OFE N NN R R R R RN e e e

object  lower left-corner wupper right-corner

name vertex vertex
a 0.00 30.00 10.00 40.00
b 5.00 5.00 15.00 10.00
C 10.00 20.00 15.00 25.00
d 10.00 55.00 30.00 60.00
e 15.00 40.00 30.00 45.00
f 20.00 30.00 26.00 35.00
3 26.00 15.00 30.00 25.00
h 20.00  0.00 40.00 10.0G
i 50.00 10.00 60.00 15.00
40.00 20.00 50.00 25.0Q
K 35.00 30.00 40.00 40.00
1 40.00 50.00 _45.00 55.00
m 56.00 35.00 §0.00 45.00
I 45.00 35.00 50.00 45.00

--—--—--------------—-ﬂ--ﬂ------'_-II-"-_-—'__'-_F---



Table - 2.1

Table showing the object name and its vertices

-----—-—:q—#1-----—---ﬁ-------idqiu-.—_--.-.--q.:.-----_--_—._--_"--_---_-#-_-_-

= A ST SR SR SN i ull o A S SN N G A SR S AT A N G S A b del ek wies el S S E R S AT W EE BN A WD N Wl als dem el i mh aam AN W G WY K B EE O B B il el

5.0 20.0
10.0 27.0
23.0 11.0
39.0 18.0
16.0 30.0
25.0 40.0
10.0 45.0
45.0 38.0
20.0 44.0
5.0 49.0
14.0 9.0
37.0 33.0

11.0 5.0
15.0 17.¢
16.0 29.0
31.0 6.0
£5.0 17.0
50.0 27.0
27.0 36.0
21.0 46.0
50.0 39.0
27.0 44.0

16.0 46.0

50.0 7.0
£0.0 31.0

1.0 8.0
22.0 20.0
21.0 34.0
36.0 11.0
$3.0 23.0
29.0 26.0
31.0 33.0
47.0 47.0
03.0 42.0
33.0 16.0
1.0 47.0
03.0 12.0
42.0 32.0

2.0 11.0
25.0 27.0
15.0 35.0
32.0 15.0
10.0 27.0
56.0 33.0
35.0 40.0
19.0 51.0
50,0 44.0
35.0 52.0
19.0 50.0
56.0 20.0
12.0 35,0

7.0 10.0
15.0 24.0
10.0 33.0
27.0 15.0
36.0 28.0

01.0 32.0

31.0 43.0
15.0 50.0

47.0 42.0

25.0 52.0
17.0 52.0
28,0 22.0
39.0 37.0
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