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Implicit Finger Search ldea

Operation Time
Insert O(logn)
Delete O(logn)

/ Elements in sorted order
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Insert
Delete
Find

Change-Finger

Implicit Finger Search ldea

220 221
Time
O (log n) optimal trade-off
O(logn)
O(logt)
O (n®)

f Elements in sorted order
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Priority Queues
Maintain a set of n keys and support:

e FindMin: Return the minimum element
e ExtractMin: Remove the minimum element from the set
e Insert(k): Add the key k to the set

] Identical

Insert ExtractMin Moves Strict Elements
Williams log n logn logn yes yes
Carlsson et al. 1 logn logn no yes
Edelkamp et al. 1 logn logn no yes
Harvey & Zatloukal * 1 * logn * logn yes ye€s
Franceschini & Munro * logn * logn * 1 yes no
New * 1 * logn * 1 yes yes
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Integer Sorting

Comparison based sorting: only allowed operation <
To sort n gold pieces we need

©(nlogn) scalmgs/comparlsonsl a g T

Question: Can we sort faster if
we have access to a digital scale? onclude A > B

Answer: Yes.

Question: How much faster?

Depends on accuracy of the scale
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Integer Sorting

Time Space Notes

w is the number of bits per word.
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Algorithm Time Space  Notes

Radix sort (18877) O(n -

L) O(n) optimal for w = O(logn)

log n

w is the number of bits per word.
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Algorithm

Time

Radix sort (18877) O(n - —=

vEB sort (1975)

log n

O(nlogw)

w

nteger Sorting

Space Notes

) O(n) optimal for w = O(logn)
O(2Y) Only O(n) space with Y-fast trie

is the number of bits per word.
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Radix sort (18877) O(n -

vEB sort (1975)

Kirkpatrick &
Reisch (1984)

Signature sort
(1995)

Integer Sorting

Time Space Notes
Tog ) O(n) optimal for w = O(logn)
O(nlog w) O(2Y) Only O(n) space with Y-fast trie
O(nl Only asymptotically better than
(nlog logn) vEB when w = O(logn)

O(n)

O(n) Only for w = Q(log?™¢ n)

w is the number of bits per word.

Jesper Sindahl Nielsen
IMapPpalLGO “.=-". =" 11/24/V



Integer Sorting

Algorithm Time Space  Notes

) O(n) optimal for w = O(logn)

Radix sort (18877) O(n -
vEB sort (1975) O(n logw) O(2%") Only O(n) space with Y-fast trie

log n

Kirkpatrick & O(nl Only asymptotically better than
Reisch (1984) (nlog log Tog 7 ) vEB when w = O(logn)
Signature sort O(n) O(n) Only for w = Q(log2+€ n)
(1995)

?2%%53 Thorup O(n\/log(w/ logn)) O(n) Randomized with mulitplication

w is the number of bits per word.
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Algorithm Time Space  Notes

Radix sort (18877) O(n - logn) O(n) optimal for w = O(logn)

vEB sort (1975) O(n logw) O(2%") Only O(n) space with Y-fast trie
Kirkpatrick & O(nl w Only asymptotically better than
Reisch (1984) (nlog log w) vEB when w = O(logn)
Signature sort O(n) O(n) Only for w = Q(log?™¢ n)
(1995)

?2%%53 Thorup O(n\/log(w/ logn)) O(n) Randomized with mulitplication
Thorup (2002) O(n loglogn) O(n) Randomized, ACO

w is the number of bits per word.
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Integer Sorting

Algorithm Time Space  Notes

Radix sort (18877) O(n - logn) O(n) optimal for w = O(logn)

vEB sort (1975) O(n logw) O(2%") Only O(n) space with Y-fast trie
Kirkpatrick & O(nl w Only asymptotically better than
Reisch (1984) (nlog log w) vEB when w = O(logn)
(Sliggg%t)ure sort O(n) O(n) Only for w = Q(log2+€ n)
?2%%53 Thorup O(n\/log(w/ logn)) O(n) Randomized with mulitplication
Thorup (2002) O(n loglogn) O(n) Randomized, ACO

Han (2004) O(nloglogmn) O(n) Deterministic, with multiplication

w is the number of bits per word.
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Integer Sorting

Time per element

A
O(VIoglag === -= =22 9.
o |2 T e
e
log n lognloglogn  log*™n
Algorithm Time Notes
©® Radix sort (18877) O(n - loz,;un) Optimal for w = O(logn)
@® Signature sort (1995) O(n) Only for w = Q(log? ¢ n)
@ Han & Thorup (2002) O (n\/log(w/ log n)) Randomized with mulitplication

IMMabDAlLGO ".-". -.~

'} Jesper Sindahl Nielsen
ﬁ 12/24 / \ 4



Overview

1. Algorithms and Data Structures
(a) Abstract description
(b) Example
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Text Indexing

Most of us daily use services like Google, Bing, etc.

GO gle amold govermnor
We want documents that contain both terms

Internet Billeder Videoer Wa

@ Search Messages b o Bl s

Ca. 21.500.000 resultater (0,26 sekunder)
Search for messages in: | Inbox on jasn@cs.au.dk v Search

Arnold Schwarzenegger - Wikip

v Search subfolders Clear httns #/da wikinedia ara/wiki/Arnold ScF

~'Run search on server

=) Match all of the following () Match any of the following
Subject ~ | | contains ~ | | madalgo + -

Subject ~ | | doesn't contain v | | seminar + —
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Text Indexing

Most of us daily use services like Google, Bing, etc.

GO gle amold govermnor
We want documents that contain both terms

Internet Billeder Videoer Wa
@ Search Messages Ca. 21.500.000 resultater (0,26 sekunder)
Search for messages in: | Inbox on jasn@cs.au.dk v Search
Arnold Schwarzenegger - Wiki
¥’ Search subfolders Clear 99 P

httns fda wikinedia arafwikilArneld Sck
\’Rgn search on server

* ! Match all of the following [ Match any of the fallowing
Subject ~ | | contains ~ | | madalgo + -

Subject ~ | | doesn't contain v | | seminar + —

Find all emails sent to madalgo that are not seminars
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Problem definition:
Given documents D = dq,ds,...,dp

preprocess and store D such that

when given two text strings P;, P> (online)

we can report all d; where both P, and P, occur
(The two-pattern problem)

we can report all d; where both P; occurs but P

does not occur
(The forbidden pattern problem)
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Problem Space Query Time Authors
Two-Pattern (2P) n2= 16gC n n® 4t Ferragina et al. '03
Two-Pattern nlogn Vntlognlog?n+t Cohen and Porat '10
Two-Pattern n Vntlognlogn +t Hon et al. '10
Forbidden Pattern (FP) ,3/2 /541, Jn+t Fischer et al. '12
Forbidden Pattern n Vntlognlog?n+¢ Honetal '12

Both 2P and FP n Vntlognlogn+t New

Is \/n query time really necessary?
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Text Indexing - Two Patterns

Build suffix tree on concatenation of the documents
S =d1%d2%---$dp$

Py Annotate each leaf with the
P2 document id the suffx starts in

Query: P1 and P»

45476 4899123

A B
Report: A NKB
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Text Indexing - Two Patterns

Build suffix tree on concatenation of the documents
S =d1%d2%---$dp$

Py Annotate each leaf with the
P2 document id the suffx starts in

Query: P1 and P»

45476 4899123

A B
Report: A NB = {4}

set intersection Is usually hard
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Problem

Lower Bound Notes

Both 2P and FP

Two-Pattern
Two-Pattern

P(n) + nQ(n) = Q(n%) w is matrix multiplication constant (new)
P(n) + nlte Q(n) = Q(n4/3_0(1)) Kopelowitz et al (3SUM)
P(n) + n3/4t€Q(n) = @(n4/3—¢€)  Kopelowitz et al (3SUM)

Both 2P and FP
Both 2P and FP

Both 2P and FP

S(n)Q(n) = Q(n2—o(1)) Pointer Machine Model (new)
S(n)Q(n)2 = (n2-°) Semi group model (new)
Q(n) = (nt)%_o‘ = Pointer Machine Model
146 —o(1) t is the output size (new)
(0%

S(n) = Q(n 1+2 )
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Text Indexing - How to prove the lower bounds?

We use two different techniques:

1) Reduction from Matrix Multiplication
2) Find a hard input for a Pointer Machine Data Structure

1) Given two matrices, produce a set of documents
and queries such that the product of the two
matrices can be found
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1 (|1 F T F F T
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DO
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N
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Text Indexing - How to prove the lower bounds?

DO
N NS
N
N TN

di = 142434

dy = 3#
di = 1434
Query: P11 =

— B —_—
F F T

X F T T

T F T

df = 64

dP = 5#64#

d33—4#6#
1 = 4
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Text Indexing - How to prove the lower bounds?

_ A _ B B B B C B
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Text Indexing - How to prove the lower bounds?

_ A _ B B B B C B
1 [T F T F F T T F T
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A nuisance in a collection

Danish Radio collection 2 hour chunks
Before one runs out another is started

= overlap

Annoying for customers

Task: find overlap and eliminate it

Use Cross Correlation.
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