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BYE :

what is the " best " one? q

Recap : ④ If,
Ent#
Search : start at root
- if u = -- target

return yes
else if Ed target

recuse leftinset:eberearserg€
while cu has children)
if X EV

go
left

else
go right



Datastmdwesckss
-

" Vanilla" Bst (no rotations
or balancing)

Runtme : Ocn )

How can it get this bad?

"

%¥
n

.

.



Bstrees: !.gg#ynfZRotahon/p-votyyO--heeghtCDH
unbalanced : left (or right)

is too big- AVL trees 2- want
-Red-Black treeslhlehzthktdluoaog.nl

Toddy : - scapegoat Trees
This -splayTreesweek



Terminology I'll assume :
-search key
- node
- lefty ht child , parent
- internal/ leaf node
-root
- ancestordescendant
- preorder, inorder, postorder

Recap:

.

- HeightG) : distance to
furthest leaf in v 's
sub tree

-Depth ( v) : distance from
v to the root

-Size (v) : # of nodes is
V's subtree



ScapegoatTrees-
[Anderson ' 89

, Galperin -Rivest
'93]

Supports amortized Clogn) .
Basic idea :

-Standard BST search

- Delete : mark
"deleted " node

.

When tree is half

dis'd:
rebuildingperfect

Runtime
-

:

claim
!
rebuild a

perfect tree in
linear time

⇒ amortized time



And insert
-

:

standard insert

But : if imbalanced,
rebuild a subtree .

Containing new
leaf

Dfe: Fx any 2>2 .

A node in imbalanced
if height ? -21g

0
so here :

*nodes

O

→← rose



Let: IG) =
max{ 0 ,

I sizeCleftGD zsyzecgghtGD
Ex: ①

←size 100

left ht

O O
④ 084



Lemma :

just before rebuilding at v,
Icu)=S2④

proofs:
If imbgkngdnih.IE#ifeIf@
but left) - rightCv )
were not imbalanced :

h (leftCv¥%edvDY
Wright E NgGreen)

assume insert on left; so :

ha) h ( left Hi¥
→



Some intense math :

41g (size left)) t 't
> 21gGreat)

raise both sides to power of 2

2aig-DHEjzegcs.ee#£
rule : 2ab=b=9↳

2. Greed
take T :

'

Dfo size ( ecu)) Size CD

⇒ size( Ecu) ) > 512¥2K
-



→sreCeaE
f ⇒

DO
size@CD) = sizeG) -size(duDH

< ( t -¥)sizeG) tI
so
Ia, Einar7¥.-1) size CD

inconstant
=p(n)



So : takeaway
ICD= MCsread

This means
~sizeCD insertions

since the last rebuilding . .

So : rebuild ! How?

Several ways to do this
in OCSRea)) the .

(Hw question ! )
k inserts to trigger OCD

rebuild

⇒ amortizes lo OCD



Claim: EI tree rebuild
for each insertion

pt dov
i

↳Z
①when rebuild to
"perfect

" tree in

lb} height goesdown



Final runtime
-

:

Ind : no worse than
-

h -- a log n ,
Oclogn)

Delete : Oaogn) to find
a mark

rebuild when ztzderty
⇒ amortized 0dg n)

Insert : find , so Oclogn)
amortized



Next Topics
=
- fractional Cascading
- Splay Trees
- Ca

,
b) -Trees


