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Geometric search :

⇐ Sofar : I -dimensional keys Partition Trees : P
- Nearest neighbors ? ,÷÷g.?

- Multi - dimensional data -Tree structure based on
- Range searching - Applications : hierarchical space partition

- spatial databases tmaps
- Each node is associated w .↳

: →
opt. - Robotics + Auton > Systems a region - cell

- Point Location - Vision (Graphics ) Games - Each internal node stores a
- Machine Learning splitter - subdivides the cell
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1.dim search ? ftp.ffereses?mM.-Externalnodessstorepts.g.gf
Similarities : b- ↳ - -
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Point : "T.ic.ir
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- Internal nodes -split . Representations : class Point

?- External nodes - data -scalars : Real numbers float word Accords
Differences : for coordinates

,
etc . Pointlintd)

- Nofnatural) total order float . -
- → coordsnewfloatld]

- Need other ways to discriminate - Points :p
-
- (pm. . . ,pa) int getDiml ) -→ coordilength

+ separate →
in real d-dim space IRD float getlinti) coordli]
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opthigrgeommgnbieects :p .co/;..others:+eg;afinig:distanceJ
.

.



- ,

Point Quadtree : LE Quadtrees :(abstractly) History : Bentley 1975
- Each internal node stores -Partition trees - called it 2-d tree ( IR
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a point - cell : Axis - parallel rectangle ? - d. tree (R
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- Celli's split by horiztvertic .

[AABB -
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Axis - aligned bounding box] -In short Kd - tree (any dim)
lines through point ↳

[¥t→IwsDsE - whereIwhich direction to split ?
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Kd -Tree : Binary variant ofquadtree .
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Quadtrees - Analysis
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Findlpt Location :
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- Numerous variants !
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? ? Given a query point of , PR ,PMR,QR,Qx

,
. . . see Samet
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v DODD is it in tree
,
and if not - Popular in 2-dapps

"
8 which leaf cell curtain's ( in 3-d. out trees )

Each external node corresps .
it? -Don't scale to high din

to cell of final subdivision → Follow path from root - out degree - 2nd

down ( generalizing BIT - what to do for higher dims ?
find )
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Example : Thisuiffdiingat" Kd-Tree Node :

y
Example : tindcqttindlg ,

root)

O ④
dimension class KDNode I g=@,4 ) .
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. > g.x > Pt- x

•
Point pt A splitting point
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{4,3} . In, on,
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( Oo i as 4 so forth? , where his height of
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¥49 ⇐ ± two - Lighting.

€8 Valuefindfpointq.KDNodepll.ggKyoto
Find :

. ftp.nuihreturnnulli .

How do we choose cutting dim ? - Descend the tree else iflg-p.pt )
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- standard Kd - tree : cycle - Compare querypt return pirate
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KDNodeinsertlpointx.IE#-Kd-Tree Insertion : Deletion :

Valuev
, KDNodep.int I f (

similar to std
. BST, ) -Descend path to leaf

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

p
- new KDNodelxir.cl) cutting → find pt → Error - duplicate - leaf node→ just remove

L knew leaf node dimension
→ falling out sz#though

- internal node

ebeiflp.pt x)
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→ create new
we draw

(
→ find replacement

L Error ! Duplicate key
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node extended! → copyhere

' i÷÷÷÷÷:÷÷§iw÷¥⑧¥:*.rs#ii:ei:m:*isp.kdtD7odim7
Rebalance byRebuilding :

>
return p bby,> • tree

- Rebuild subtrees
height as with scapegoat trees

④ Example : inserts,4) ¥6 Aygaulnyfiism :c
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- ouogn) amortized
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- Find : Ollogn) .
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canwebalanathetree.ie?nteethB

nodes !
-Rotation does⑥w

:"
"

ni:*. ÷⇒÷÷÷i¥¥÷i¥÷.
.

±

>


