
26 27.3.17

topic
:

Geometry

static

dynamic
;

:

Persistence

retroactivity

}
~

automatic

~ >

good
for

seg
.

segments .

.
.

OothogonatlangeSearching

-

maintain n
points

in d dim

space

-

query

: d-
dim

hyperreclangle

↳
[ as

,
bifx

. -

-

× [ aol.ba ]

→

existence kountl list
points

-

time O( logdn + k

)

-

dynamic / static



laid
: Balanced Search Tree

0

010£

mox of left subtree

\O
← LCA

( Predca)
,

Sucdb )
)

*ljogg#
i.

add
size  

of some

I

\
i

0

,

/
.

O

predca)
→

↳ "

'

'

0 ←

socccb )

⇒ OC

logn
+ k )

2-dim
:

AD
-

tree
on X coord

+

each node stores link to

1 D tree
on

Y coord of

all its

points



X
.

tree

•

##•.Y

.

subtree

1
o

#n1/11/91

it
w

A-
fresh Y

-

tree

•

each
point

is contained in
Oaogn)

subtrees
⇒

O(=nlgn)spae•

Query

( [ as ,bs]x [ azxbif )
:

Do X
-

query
on [

as .bz ]

→

Gaogn
) subtrees

tf subtrees do
Y

-

query

on [ az.bz] ( on 7 tree !

)

⇒

0Iog2n+k)_

time

exercise

Claim
, O(

nbgn
) construction time

.

"



Updates
Of

login) amortized ( for later
)

d-dim_

: Recursion
on dimension

Qd
: O(

bgdn
+ k

)

Space
: 0(

nlogd

'

'

)

Updates
: G(

logdn) f for later
)

_Layerd#ange_Fee
(Gabon et

.

al
.

1984 )

Idea
: Reuse Searches

-

Tree
on

X
-

card

- Node
stores

pointer
to sorted

array

( aa
.

to Y
-

card ) of subtree

points



HE;f÷÷¥

O
→

%|Yz|Y}f#1
as i.

o

-
@El

-

Arrays
on Y have

pointers
to

arrays
of children

-

Query
( [

as .ba, ] x [
az.bz ] )

•

Binary
Search in root for az

,

bz

•

Follow

pointers decomposing
X

⇒

A
logn

+ k

)
query

Construction time remains

Gcnlogn)



ctdim
: G( logd

'

In
+

k
)

query

Ocnlogd

's

n )
construction

Dynamization with Augmentation

via

weight
balance

BBEN ] trees

-

V node × : size ( leftcx )) >- x. size G)

size ( right (
× ))

2 a. size (
× )

⇒

height
of tree ⇐

10g
.÷

.

n

-

×
becomes unbalanced

⇒ rebuild subtree of
×

→
cost ?



Rebuild tree of size K

⇒ Imbalance
was

2 ( 1-
zx ) she = Gck )

pay
for

rebuilding
from 1ns / Del

in this subtree
.

⇒
amortized cost of lnsl Del

Oclogn)

DyeingTree
:

-

Rebuilding
of k

points
costs

@ ( k

logd

. '

k

) (
first dim tree )

Change
:

Oflogn

) updates
a

'

G( logdtn)

on 1st dimension
.

O- ( login )
updates

i
0(

logdh
)

on
2nd dim

o a  a

⇒ totdfflogdn )



Dynamiclayeredrangetree

DEE
'¥j¥÷⇒

:.ae?ssrIIYegsye

: 

→

Update

:

Qlogdn)

Query
: GC

Iogdtntk )


