Orthogonal Range Searching
Querying a Database
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— Many types of questions - queries - about data in

a database can be interpreted geometrically

® To this end we transform records in a database
into points in a multi-dimensional space, and we
transform the queries about the records into

queries on this set of points




Database for personnel administration

® In such database the name, address, date of birth, salary, and so on, of

each employee are stored

A typical query one may want to performe is to report all employees born

between 1950 and 1955 who earn between $3,000 and $4,000 a month

To formulate this as a geometric problem we represent each employee by

a point in the plane

The first coordinate of the point is the date of birth, represented by the
integer 10,000 year + 100 month + day, the second coordinate is the

monthly salary

With the point we store the other information
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® If we have information about the number of children, to

ask queries like report all employees born between

1950 and 1955 who earn between $3,000 and $4,000 a

month and have between two and four children > P

4000 |1
f Represent each employee by a point in 3-dimensional AT T T
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® The first coordinate represents the date of birth, the IR R -y

------------------

second coordinate the salary, the third coordinate the

number of children 19.500.000 19.559.999

Such a query is called a rectangular range query or an orthogonal range query




Dimensional Range Searching

®p-= { pl,p2...., pn} is set of point on the rial line
® Data structure : a balanced binary search tree T
® Leaves store a point
internal nodes store splitting values to guide the search

® Denote the splitting value stored at a node v by Xv




To report the points in a query range [x : x|
® Search with x and x” in T

> [ and U’ be the two leaves where the search end, respectively

® point in the interval [x : X’ ] are the onse stored in the leaves in

between U and U’ plus, possibly the point store at { and U’



search with the interval [18 : 77]
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® How can we find the leaves in between M and U7
= They are the leaves of certain subtrees in between the search paths to U and U -

® The subtrees that we select are rooted at nodes v in between the two search paths

whose parents are on the search path

® To find these nodes :

® search for the node vsplit where the paths to x and x’ split

® lc(v) and rc(v) denote the left and right child of v



FINDSPLITNODE(T, x,x')

Input. A tree T and two values x and x’ with x < x'.

Output. The node v where the paths to x and x” split, or the leaf where both paths end.
I. veroot(7)

2. while visnot aleaf and (x' < xy or x> xy)
3 doif ¥’ <xy

4, then v < lc(V)

5 else v rc(v)

6. returnV




the selected subtrees
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Algorithm 1DRANGEQUERY(T, [x : X'])
Input. A binary search tree 7 and a range [x : x'].
Output. All points stored in J that lie in the range.

1. Vit <~ FINDSPLITNODE(T, x,x)
2. if vy is a leaf
3. then Check if the point stored at Vpj;; must be reported.
-+, else (* Follow the path to x and report the points in subtrees right of the path. x)
5. V — lc(vsplit)
6. while v is not a leaf
7. do if x < xy
8. then REPORTSUBTREE(r¢(V))
v« lc(v)

else v «— rc(v)
Check if the point stored at the leaf v must be reported.
Similarly, follow the path to x’, report the points in subtrees left of the path, and
check if the point stored at the leaf where the path ends must be reported.

12



DY o
S e )1, bl 8o ek 4 IDRANGEQUERY 4,65
Al asls )‘);é query (§ o)’l.g C390 lsfo aS

:QLQ‘
3,18 1,8 query o5L 4o ¢ p ool 5,155 (5 aladi o
ol 00l u*’)‘;l-“’ co3b o gl aads jo



D.Y a as

S SO slas o aladin il gl acgomo P aS 0lS  5,8
(29990 (657> Ly SO0 Wil 0 P A g0 b
Oloy g A o oolaiwl alasl> O() 5l aS 0l 0,053 y3lgia
(P 5 Lsfab.: Oy !y query o3b .owl O(nlogn) Q‘ WIS W
Slaws b conl plpk as sls 5,55 Oktlogn) oylej 4o oyles
Oy u,.:)‘)f bl



o V(e ol 5o gt aliuss

cp)oé‘mso@aﬁpd@&ﬁuwd‘)o
sl atsla e b plpy b x daise

- ][y,y] query Jabis 5 (3,3 45 ey g0 p 5l (ol
sl acsls 1,8

query J*E.M,...o 390 LS;L"} U5y 9 1ads p=(px.py) alass SO
pxE[x :x’] pyEly :y’] : 45 o)b )|).9

Y

Py




Q . . o * N . .«
o)l'fﬂ‘bﬁywudﬁjﬁu*%“"@i’@a@ﬁl?d‘ LS")LM)‘J\?’X‘LMOng)‘M‘
)|)§ oA.:.:S‘J..?- bLQS) bu&uw)ddSw‘ bl )| 6‘ A4S gox0 4 § Pleft

5l sl asgorme pjPrisht g Wigdh (g0 0,30 G S 055 50 5 bl ALl
S50 50 g bl asls 1,8 sasSTos bas il & 5 45 ol Lol

16




Sgls oo &S kd S y0 SO S50 i )

l




Algorithm BUILDKDTREE(P,depth)
Input. A set of points P and the current depth depth.
Output. The root of a kd-tree storing P.
1. if P contains only one point
then return a leaf storing this point
else if depth is even
then Split P into two subsets with a vertical line £ through the median x-coordinate
of the points in P. Let P; be the set of points to the left of £ or on ¢, and let
P> be the set of points to the right of /.
else Split P into two subsets with a horizontal line ¢ through the median y-
coordinate of the points in P. Let P; be the set of points below ¢ or on /,
and let P> be the set of points above /.
Vieft < BUILDKDTREE(P;,depth+1)
Viight <— BUILDKDTREE(P,,depth+ 1)
Create a node V storing £, make Vi the left child of v, and make Vyjgn the right
child of v.
return v

2.
3.
4
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A query on a kd-tree

P3

P4

Ps5

Pl

P2

P7

P11

P12

P13

P8

Pog P10

22



Algorithm SEARCHKDTREE(V,R)
Input. The root of (a subtree of) a kd-tree, and a range R.
Output. All points at leaves below Vv that lie in the range.
if v is a leaf
then Report the point stored at v if it lies 1n R.
else if region(lc(v)) is fully contained in R
then REPORTSUBTREE(/c(V))
else if region(lc(Vv)) intersects R
then SEARCHKDTREE(/c(V),R)
if region(rc(v)) is fully contained in R
then REPORTSUBTREE(r¢(V))
else if region(rc(v)) intersects R
then SEARCHKDTREE(7¢(V),R)

S ORI B W=

.o .




left

region lc(v) = region(v) M 1(v)

region(lc(V))

region(V)
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