gfhar/v SEarcA Tr‘ee:

Binav/ 7;‘ee A rooted ‘tree,each node kavinﬁ a
Jeft and a r'ij\w‘(: child, either or beth missing,

Binar)/ Searc}\ Tre.e.: Eack hode centains an ‘repm
ItemS are ‘té'tQII\, ordered and arra-nﬂed N
the tree in symmetric order: all itemgin left
subtree are less all items in right subtree

are Jreater.

Bl'nar‘/ searck‘tregs SMPPor‘t ALLLSs

nsert, delete in O (depth) time.
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A Rotation
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C/wanjes O‘CPH\s of some mdes'
Takes O(ﬂ Time <3 peinter cl'\anse.s>

Preserves symmetric order




A Binary Search Tree

Red / Blgck:
)= ds blacks
on Pﬁ“‘,

1\ red node

Items in internal nodes, in symmetric order:
items in left subtree smaller,
items in right subtree larger.

Allows binary search for items

search time = 1+ depth.
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Red-black tree updates
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Insert O root _— @

possibly

recolor nonterminating

|
S




Per:f.stent \gearc/'s TreeJ

How do we preserve old versions of tree,
a“owinj c]'ueries in the past, uqu't@,é in

the present (and poSSiU/ In the Pa;t) ’

Objedt;ve: .AVOl‘ﬂ{ QoPyihj 't.")Q e.n't,ire "-'-"'CC.

(‘takes O(n} Space and Lime per uPo{@-te)
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Comru‘ta‘tlona‘ Geome‘try
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W/:ere s amortization meal?

To vac SPace Louho( 0‘[ O(i)
per upo(a{e

Neeal.s on17 an qmof-t"zed 0(13
bound on the structural
M)DAa‘te time in the

CPI""”‘”“[ (ron- Persi:stent}

Aata structyre

Red-Black Trees 5:\/: 0(1) space
bound per insert/delete

D = 2fillef extra shts in Jive nodes
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2-D point location

~ The post office problem: Given n points

in the plane, answer queries of dh

form’ 3'.vven a new roin‘t, to wl?sic‘\

old Po{nt s 1t C,oges‘(‘.? | "J -
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Planar foint Lo cation

P’ané Swe.ap: dimensior\ reduction —
one space dimension bzc_omes

atime dimension

. in data structures -

f)ersistent search trees
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~ Search in timg




