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Binary search 41 ?
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Random keys




Reachable nodes
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Reachable nodes — analysis

Pr( v, useful ] = |L;| / Z]|L]
E[ # useful nodes at level ] =%( L] / &|L] ) =1
E[ # useful nodes in tree | = height - 1

E[ # reachable nodes in tree ] < height? = O(logZn) O

useful

useful

117,43 143,00

Husefulnodes? -- (- ---=--{y )-=---—--00) - - - - - - .
L,={2,3,4,511} L,=0 L,={19,23,29,37,41} L,={47}



Fun-Sort

Uses repeated searches in an unsorted array to
sort the array in ®(n? log n) time.

[Biedl, Chan, Demaine, Fleischer, Golin, King, Munro 2001]
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binary search
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Exponential search revisited
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log d

2log d + O(1) O e

or logd+ 2loglog d+ O(1) @’ c
or logd + loglog d + 2logloglog d + O(1)
or 2i=1..|og*d loglld + O(log™ d)  [Bentley, Yao 1976]




Random search tree
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@ Expected time O(log d)
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Dynamic finger search trees

Level-linked (2,4)-trees support

" Finger search in worst-case O(log d) time

" |nsert/delete in amortized O(1) time but
worst-case O(log n) time

[Huddleston and Mehlhorn 1982]




AVL-trees with one finger

Finger search and insert/delete @
in worst-case O(log d) time a

(3, 13,
2) & @ @
) 19

[Taskalidis 1984]



Dynamic finger search

Search Insert/Delete
+» 5 Red-black, AVL, 2-4-trees, ... O(log n)
(o) g"o ) ) )
€ £ Levcopolous, Overmars 1988 Oflog n) 0O(1)
S Guibas et al. 1977, Tsakalidis 1984, ... O(log d) 0(1)
Huddleston and Mehlhorn 1982 O(log n)
g (Level-linked (2,4)-trees) O(log d) O(1) am.
'f:t’ Treaps, Randomized Skip lists O(log d) exp. O(1) exp.
Brodal, Lagogiannis, Makris, Tsakalidis, Tsichlas 2002 O(log d) O(1)
> Dietz, Raman 1994 (comparison) O(log d) O(1)
£ Andersson and Thorup 2000 (non-comparison)
3 Sioutas, Panagis, Theodoridis, Tsakalidis 2005 O(\/Iog d/loglog d) O(1)
< Kaporis, Makris, Sioutas, Tsakalidis, Tsichlas, O(loglog d) exp. 0(1) exp.

Zaroliagis 2003 (interpolation search, random distributions)




Application : Binary merging [Huddleston, Mehlhorn 1982]

= Merging sorted lists L, and L, represented by finger search trees

repeated R L, | +]L, |
O\ o AN St ol {21!
\/‘\/‘\dj\/‘

= Merging all leaf lists in an
arbitrary binary tree O(n-log n)

123456789

Proof Induction O(log n!)
O(log n,! +log n,! + n -log ((n,+n,)/n,))
= O(log n,! +log n,! + log ( nl:nz ))

= O(log (n,! - n,! - ”1:1“2 ) = O(log (ngn,)l) O




Application : Maximal pairs with bounded gap
[Brodal, Lyngs@, Pedersen, Stoye 1999]

left maximal # v # right maximal

/
ABCDABDBADAADDABDBACABA
P P

O(n-log n + k)

" Build suffix tree (ST) & make it binary

" Create leaf lists at each node

" Right-maximal pairs = ST nodes

" Find maximal pairs = finger search at ST nodes
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