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Abstract:

Spatial indexing is a key component of both traditional and big spatial data
processing systems because unlike the traditional partitioning methods, they
use spatial attributes of objects as a basis for partitioning the data. R-Tree
based spatial indexing is one the most used methods of partitioning spatial
data. R-Tree is a multi-level tree that uses tuples of identifiers and
geographic bounding rectangles as nodes.

Spatial keywords or text-based spatial attributes stored in a spatial data set,
allow the use of WFS-G web "Gazetteer" service to overcome some of the
shortcomings of spatial indexing, when processing polygons that consists of
a very large number of vertices. The new proposed algorithm reduces the
time for building minimum bounding rectangles MBRs which is a main
factor in creating spatial indexes and spatial partitioning, by using the spatial
keywords to obtain minimum bounding rectangles via web "Gazetteer"
service. The obtained results prove the capability of the algorithm in
reducing R-Tree construction time when the number of vertices of polygons
of the data set is above a flexible decision threshold calculated during the
initialization phase of the algorithm.

Keywords: R-Tree spatial index, Web Gazetteer service, Minimum
Bounding Rectangle, Big Spatial Data
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wold init{double x1, double x2, double wl, double ¥2)

1
if(xl < x2) {
minz = x1;
maxx = X2;
¥
else {
minz = =2;
maxx = xl;
¥
If(yl < ¥2) {
miny = y1;
maxy = y2;
¥
else {
miny = ¥2;
maxy = yl;
¥
+i

Envelope()
: minx(DoubleNotANumber)
» Maxx({DoubleNotAMumber )
, miny({DoubleNotANumber)
» Maxy(DoubleNotAMumber)
iR H
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as= Polygon extends java.awt.Polygon implements Shape [

ctangle getMBR() {

122D mbr = super.getBounds2D();
Rectangle{{long)mbr.getMinX (), {long)mbr.getMin¥(),

{long)mbr.getWidth{), {long)mbr.getHeight({}):
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Calculate MBR for spatial object
SO(polygon{(x1y1),(x2y2)....(xn.ym)}):
min _X = min(x:1..n)
min _Y = min(y:1..n)
max _X = max(x:1..n)
max _Y = max(y:1..n)
MBR = {min_X, min_¥, max _X, max _Y}
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void caleulateBounds(int xpoints[], int ypoints[], int npoints)
int boundsMinX = Integer.MAX VALUE;
int boundsMinY = Integer.MAX VALUE;
int boundsMaxX = Integer.MIN VALUE;
int boundsMax¥ = Integer.MIN VALUE;

for (int i = 0; i < npoints; i++) {
int x = xpeints[i];
boundsMinX = Math.min(boundsMinX, x);
boundsMaxX = Math.max (boundsMaxX, x);
int y = ypoints[i] ;
boundsMinY = Math.min(boundsMinY, y}:
boundsMaxY = Math.max (boundsMax¥, v}/
}
bounds = new Rectangle(boundsMinX, boundsMinY,
boundsMaxX - boundsMini,
boundsMax¥ - boundsMinY) ;
}
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- geonames: [
-1

focodeName: "capital of a2 political entity”,
toponymName: "Mexico City",
countrycode: "MX",
fel: "B",
folName: "city, village,...",
name: "Mexico City",
wikipedia: ""

Ing: -99.12766456604,

foode: "EPLCT,

geonameId: 3530587,

lat: 19.42847242703¢,

population: 12294193
I
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/linit phase
ds=read_ spatial _ dataset(file)
/lcheck if polygon
if (ds. geometry .typel="polygon’)
/[finish algorithm
return -1
/Icheck a sample i for spatial keyword
kw=ds[i].spatial_ keyword _attribute
if (get _ mbr(kw).status!="success")
return -1
/Imeasure average get_ mbr time
repeat 10 times:
t+=get _ mbr (kw).execution _time
time _get mbr =t/10
//measure calculate mbr time
x=random(1000 elements)
y=random(1000 elements)
t=calculate _ mbr (X, y).execution _time
time _ calc _ mbr=t/1000
r_tree =new _rtree (init parameters)
/lexecution phase
for each so in ds
kw=so0 .spatial _ keyword_ attribute
n=s0. geometry. coordinates. length
/lrandom coordinate for validatation
p=random(so. geometry. coordinates)
threshold=time_ calc _mbr*n
if time _get _mbr <= threshold
mbr=get_ mbr(kw)
/Ivalidate
if (p. inside(mbr))
return mbr
/lelse use traditional method
mbr=calculate _ mbr (so0. geometry. X, so.
geometry .y)
return mbr
/lInsert node to r-tree
R _ tree. insert(so. id, mbr)
/loutput phase
r_tree. Save to _disk(file)

rpdlilly ,Lasy) 4.3
Sy (a3 A gihal) e sl Adlad e la il
O Al @lily degane aa Jalatl) die R-Tree (opedl
g Al QhLiaY) e degane 205 o3 caliadl g4l

11

........ R-Tree SlSall Gujgdll el aoyedl sa0a 42yl
ale Gaua @3l JSs Gopgdl) o)A sshadl) s B (S
OSadl) e ) cdalal) die awladiad) Jal e pajdl e
i) lblee  deladial Sl Caladl dacll 5,S1)
2l laladall aladiil 5 <ay L AEI) ALK Jolsall
:(»;:m___.aﬂ\ @—_—_Adj:d(14)d< Ml « § op Lall

Repeal for all objects

MBR:{minxming,maxxmaxy)
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clghad Pseudo Code 4l daayd) syanddl v Jaa
)l e
//build MBR using traditional method
function calculate_ mbr (X, y)
{
/ffind_min & find _max are functions of O(n)
complexity where n is array length
min x=find _min(x)
max _x=find _max(x)
min _y=find _min(y)
max _y=find _max(y)
mbr=[min _x, min _y,max_ X, max_y]
return mbr
}
//build MBR using web service method
function get_mbr(spatial_kw)
{
//build web api request using keyword
web_api='http://namegeoserver/getFeature?name=
sptial_kw'
//get response
response=request(web_api)
/lextract mbr (bounding box) from response
mbr=response['bbox’]
return mbr
/lenhanced method for r-tree building
function build _rtree _enhanced ()
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