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Geometric search :

⇐ Sofar : 1-dimensional keys Partition Trees : T ①
-Tree structure based on
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- Applications : hierarchical space partition- Range searching i ??q .
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- Spatial databases tmaps
- Each node is associated w .
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- Point Location - Vision /Graphics / Games - Each internal node stores a
- Intersection search - Machine Learning

.gg
splitter - subdivides the cell

- cell ( p )
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t.QuadtreesE.mg# - External nodessstorept.LY☒ Multi -Dimvs
.

1-dim search ? - Kd -Trees I
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similarities :

-Tree structure pgpneynyay.mg#fPoint:Ad-vectorinlRd
¥

- Balance oclogn)
" ☒ p=(p , , . . . ,pa) pic.IR
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- Internal nodes -split .

class Point /
- External nodes - data

"

-Scalars : Real numbers float]coord⇒rds .

Differences : for coordinates
,
etc . Pointlmtd)

- Nolnatural> total order float . -→ coordinewfloatlt]
- Need other ways to discriminate - Points :p=lp , ,

. . . ,pa) intgetliml ) -→ coordlength
g. separate inreayg.g.mgpa.gg/g,oa,geyy.nyiy..,,,ory ,,

- Tree rotation may not be%Éj§§a - other geom objects :
Built from these /☐

" " others : equality >distance
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Point Quadtree : 1€ Quadtrees :(abstractly) History : Bentley 1975
- Each internal node stores -Partition trees - called it 2-dtree 11127
a point - Cell : Axis - parallel rectangle 3- d. tree ( IR

'

)
:

- Cell is split by horiz.ir vertu .
[AABB -

"

Axis - aligned bounding box] -In short kd - tree Canydim)
lines through point 6

☐ splits |¥IwFwse - where/which direction to split ?
6

→ next
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- Splitter : Subdivides cell into
-
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É four lgenllyzd)§f. .

Kd -Tree : Binary variant ofquadtree .

4,3 ) , / subcells - splitter : Horiziorvertic .
line

12,2)
14,17 a-q÷" in Zd (orthogonal plane ow .)

CQuadtreesE.mn?-cel1:StillAABB'

' Kd -Trees I 1%-1
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. . I:/ 1)
⑤ Find /Pt Location :

- Numerous variants !
☐ ☐%£&Ñ☐ Given aquerypointq ,
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PR.PH?QR.QX,...seeSamets' bookf
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☐ ☐ ☐ ☐ is it in tree
,
and if not - Popular in Zdapps

"
8 which leaf cell contain's ( in 3-d. octtrees )

Each external node corresps.it ? - Don't scale to high din
to cell of final subdivision → Follow path from root - out degree = 2d

down ( generalizing BIT - What to do for higher dims ?
find )

°
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Example : Kd-Tree Node :

Point ptxsp.li/tingpo#*amPk:fmd(8)*findlq,root
)

④ class KDNode / 9=4,4 ) it > Is
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13,27 s ☒⇐m, intcutlim Hurting coordinate
11,4) y -0444¥ KDNodeleftdlwsi.de I § I
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vertical horizontal §§ . Analysis : Find runs in time
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cut out g 01h)
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where his height of£

"÷IQuadtrees¢mM
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Theorem :

Ifptsareinsertedgg.MY↳ Kd -Trees III-

hey, , ,
random order

, expected

④
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¥ s-TE-tindpointginsubt.ee#- |a%Ñp ) }Tofte.- ✗
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G-b- - " y rooted at pwithcutdimcd : if / p null) return null ;
.

else if / q==p .pt )
- " ⇒ all cordsHow do we choose cutting dim ? / - ifq==p . point ⇒ found ! match ?

- standard Kd - tree : cycle return p-value
through them / e.g. D= ] : 1,411,2 ,? . .) - ifql.ch?p.pointGd] ⇒ right else ftp.onleftlq)) →
based on tree depth Helper : return find /g. pleft)iii.iii.iii.iii.iii.iii.1-1- Optimized Kd - tree :(Bentley)→ class Kbnodel else

biooleanonhettlpointq) return findlqp . right)- Based on widest dimension

,
ofptsincell . i.
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KDNodeinsertlpointpt.tn#Kd-Tree Insertion : Deletion :

KDNodep.int cd) } (similar tostd
. BST, ) -Descend pathtoleaf

iflp null) Hell out ? 9 - Descend tree until - If found :

p=newKDNode( plied) cutting → find pt > Error - duplicate - leaf node→ just remove
knew leaf node dimension

→ falling out <z(Although
- internal node

to use
we draw a → find replacementelse

-

ftp.point-i-pt ) → create new extended trees
,

Error ! Duplicate key node lets assume

"

www.ngy.mq.mu
, →many.µ,
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else
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ftp.onleftcpt)) ( → If?¥Ñm+§ .

p.IE/-t=inscrtlpt,p.left(cdtl)%d1in)
y 2. trees) this is the hardest part -elsediinensimkSeeLatexnotes@p.right-insertlpt.p. right , * Point •QuadtreesEmMkd+D%dim) - Kd -Trees II Rebalance byRebuilding :

g
return p 6-say tree

- Rebuild subtrees
height as with scapegoat trees

insert/3,4) I # Analysis :
- Ollogn) amortized☒ Example :

, . Runtime :OÑ? - Find :O4ogn)'

Ii guaranteed . §§ "
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pretend \ Canwebalancethetree?Hi .( ext.÷÷;±md
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-Rotation does
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