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1. motivation



motivating problem

The Longest Common Substring problem:
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motivating problem

The Longest Common Substring problem:

- easy if we can efficiently maintain all substrings

- we can just check for collisions of similar substrings
- motivates us to have an easily searchable list.

- keep it sorted to allow for easy searches.

- boom! we have a suffix array

(note: suffix trees and suffix arrays are interchangeable for applications)
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application 1: bioinformatics
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motivating applications

application 1: bioinformatics
application 2: text processing
application 3: data compression

Lempel-Ziv-Welch
g= = Compression
g Algorithm -
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motivating applications

application 1: bioinformatics
application 2: text processing
application 3: data compression
application 4. clustering
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motivating applications

application 1: bioinformatics

application 2: text processing

application 3: data compression

application 4: clustering

application 5: ... basically anything with strings

Lempel-Ziv-Welch
! Compression
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motivating applications

application 1: bioinformatics

application 2: text processing
application 3: data compression
application 4: clustering

application 6: oh and coding interviews :)

Lempel-Ziv-Welch
! Compression

¢ Algorithm -
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2. a primer on suffix arrays
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2. a primer on suffix arrays

(side note: these are different from suffix trees)
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a motivating example

lets consider the suffixes of our favorite word:
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a motivating example

lets consider the suffixes of our favorite word:

MISSISSIPPI

(transition to live work on the ipad)



a simple algorithm

- Just do a depth-first traversal of the suffix tree:
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a simple algorithm

- Just do a depth-first traversal of the suffix tree:
- thisis linear work!

(with a fast suffix tree algorithm) I
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a simple algorithm

- Just do a depth-first traversal of the suffix tree:

- this is linear work!
(with a fast suffix tree algorithm)
cons:
- memory :(
- we have to construct a full tree
- tricky parallelism
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a longer look at the simple algorithm

- linear work suffix tree construction:
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a longer look at the simple algorithm

- linear work suffix tree construction:

Algorithm 1: Farach’s linear-time suffix tree construction: ,A”/?\ A
f/BAN NASN

1. Construct the suffix tree of the suffixes starting at odd : 5 4

positions. This is done by reduction to the suffix tree v ,9

construction of a string of half the length, which is solved $/ \na o g \ NAg

recursively. ). Nt r

2. Construct the suffix tree of the remaining suffixes using the 2 Q 2

result of the first step. $’/ \‘NA$

3. Merge the two suffix trees into one.




a longer look at the simple algorithm

- linear work suffix tree construction:

Algorithm 1: Farach's linear-time suffix tree construction: ;?\ A
ANANAB

1. Construct the suffix tree of the suffixes starting at odd 5 b
positions. This is done by reduction to the suffix tree Qv e 19
construction of a string of half the length, which is solved $/ \ NA " \\ NAS$
recursively. y
2. Construct the suffix tree of the remaining suffixes using the 2 Q 2 2
result of the first step. $’/ \ NA$
3. Merge the two suffix trees into one. <

3 1

IDEA: use a similar merging based approach with 3 buckets 25



3. the skew algorithm



goal: alinear time algorithm
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goal: accomplished :)
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4. the skew algorithm in other models



Important interesting models
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Important interesting models

model 1: external memory

model of computation complexity

External Memory [38] O(—L log u %> 1/Os
"BT

DB
A D disks, block size B,

fast memory of size M internal work

alphabet

integer
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Important interesting models

model 1: external memory
model 2: cache model

model of computation complexity

Cache Oblivious [15] %) cache faults

alphabet

general
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Important interesting models

model 1: external memory
model 2: cache model
model 3;: BSP

model of computation complexity

BSP [37]

nlogn gnlogn

; ‘2 - N
P processors O( =+ LJeg™ Pt W) time
h-relation in time L + gh

P = O(n'~¢) processors O(n/P+ L log® P + gn/ P) time

alphabet

general

integer
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Important interesting models

model 1: external memory
model 2: cache model
model 3: BSP

model 4: EREW-PRAM

model of computation complexity

EREW-PRAM [25] O(lqu n) time and O(nlogn) work

alphabet

general

34



5. questions



bonus. future of suffix arrays
and fast implementations



bonus. future of suffix arrays
and fast implementations



things that happen after this paper

1. Li, Li & Huo gave an in-place linear work algorithm
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things that happen after this paper

1. Li, Li & Huo gave an in-place linear work algorithm
2. first fast in-practice algorithm: Nong, Zhang & Chin (2009)
a. <100 Lines of Code
b. can be used to construct LC array
c. fast careful implementation by Yuta Mori
https://sites.google.com/site/yuta256/sais
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things that happen after this paper

w

Li, Li & Huo gave an in-place linear work algorithm

first fast in-practice algorithm: Nong, Zhang & Chin (2009)

a. <100 Lines of Code

b. can be used to construct LC array

c. fast careful implementation by Yuta Mori
https://sites.google.com/site/yuta256/sais

the work has been extended to Generalized Suffix Arrays

Other approaches: Prefix Doubling, Induced Copying
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https://sites.google.com/site/yuta256/sais

6. open discussion
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A motivahng example
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