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Distinguished Lecture: Andy Yao, Tsinghua University

Welcome and the 'Lecturer of the Year’ award
Data-Intensive Systems (Ira Assent)

Computer Graphics and Image Processing (Toshiya Hachisuka)
Bioinformatics (Seren Besenbacher)

Use, Design and Innovation (Morten Kyng)

Ubiquitous Computing and Interaction (Kaj Grenbcek)
Pause

Mathematical Computer Science (Peter Bro Miltersen)
Cryptography and Security (Claudio Orlandi)
Semantics and Logic (Lars Birkedal)

Programming Languages (Anders Maller)

Algorithms and Data Structures (Lars Arge)

Regnecentralen’s 1 year birthday party

Large Auditorium, Incuba Science Park — Katrinebjerg

http://cs.au.dk/csd2013



Algoritmer og Datastrukturer 2

Gerth Stglting Brodal

Suffiks treeer [GT, kapitel 9.2], Suffiks arrays [Smyth, kapitel 5.3.2]

/v

AARHUS UNIVERSITET



bear
bell
bid
bull
buy
sell
stock
stop

Trier

trie




Preefiks-fri ?

O
()
can L] kan$
Kat (5 Kat$
katrine katrine$
()

()

e

=




ning 1 Streng

Sag

slele a elal|r|? sfefl]]l sltjo|cik]|!
0 1 2 3 4 5 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
s|ee a bju|l|1]? biu|y s|tjo]cik]|!

24 25 26 27 28 20 30 31 32 33 34 35 36 37T 38 30 40 41 42 43 44 45 46
blifd sltjofelk]|! bli]d sltlojelk|!

47 48 49 50 51 52 53 h4 55 56 57 58 59 60 61 62 63 64 65 66 67 68
hlejalr tihie blell|1}? s|tjolp]!

B2 70 71 72 73 V74 V5 76 T7 7B 79 B8O B1 B2 B3 84 85 86 87 88

Inverteret fil

Ord Position(er)
bear 6

bell 78

bid 47,58

bull 30

buy 36

hear 69

see 0,24

sell 12

stock 17,40,51,62
stop 84




Komprimeret Trie
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Ukomprimeret trie




Komprimeret Trie over Ordbog
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Suffiks Traeer

Weiner 1973

mize nimize ze nimize ze
Suffix tree =
komprimeret trie .
. 7.7 1,1 0,1 2,7 6,7
over suffixer -
Pla.dS O(n) 4,7 Eﬂ 67 2.7 | l 6,7

Kan konstrueres i O(n) tid (for konstant stgrrelse alfabet)



Algorithm suffixTrieMatch(T, P):
Input: Compact suffix trie T for a text X and pattern P

Output: Starting index of a substring of X matching P or an indication that P
is not a substring of X

p — Plength() { length of suffix of the pattern to be matched }
Jj =0 { start of suffix of the pattern to be matched }
v+ T.root()
repeat
f « true { flag indicating that no child was successfully processed }
for each child w of v do
i+ start(w)
if P[j]=X[i] then
{ process child w }
x+—end(w)—i+1
if p <x then
{ suffix is shorter than or of the same length of the node label }
if Pj.j+p—1]=X[i.i+p—1] then
return { — j { match }
else
return “F is not a substring of X"

else
{ suffix is longer than the node label }
if Plj..j+x—1] =X[i..i+x—1] then
p «— p—x { update suffix length }
. j« j#=x {apdate suffix start index }
e
f + false
break out of the for loop
until f or T.isExternal(v)
return “P is not a substring of X"




Suffiks Tree over to Strenge
ABAB3$,BABAS,

leengste strenge der forekommer i
begge input strenge

A$1

streng 1 : position 3

1:1 0:0 0:1 1:0

wikipedia.org



Suffiks Array

12345678
tekst=abaabaab

Suffikser Sorterede suffikser

1 abaabaab 6|l aab

2 baabaab 3l aabaab

3 aabaab 71 ab

4 abaab 4l abaab

5 baab 1l abaabaab

6 aab 8l b

7 ab 1 5| baab

8 b 2| baabaab

Suffix array

c|6|3|7|4|1|8|5]|2




Algorithm SANaive [Smyth, s.151]

— Natvely use a suffix array to locate w in z

340, L+0; BR+n+l
repeat
M « [(R+ L)/2]
ifu =2|c[M.o[M] +m—1] then
j  olM]
elsif u > z |o[M]..c[M] +m~—1] then
L+ M
else
ReM
until L =R-lorj #0



Algorithm SASimple [Smyth, s.151]

- Simply use a suffix array to locate v in x

j— 0, L+0; Ren+l
P ¢ 0; Pr+ 0
repeat
P ¢ min{P;, Pgr}
M« [(R+ L}/2]
— Compute Icp(u, o[M])
Py + P+ lcp(u.[P +1.m], z[o[M] + Pn])
if Py; = m then
Jj + o[M]
elsif u[Pys + 1] > z[o[M] + Py then
L +— M; Pr, « Py
else
R+ M: Pr Py
until L =R-lorj # 0



SAComplex (P, 2 Pg)

u |a|b|b‘o|b|c|a|h|a|c‘a|b|c|a|a|h|

Pr

1 )
I i
L |a|b|b‘c|b|c|a|b|a|l::‘

praeberegnet

u |a|h|h|c‘b‘c|a|b|a|c|a|b‘o|a|a|b|

F;

u ‘a|b|b|c|b|c‘a|b|a|c|a|b|c|a‘a|b|

P;

.
L [a[p[p]c]b \clalblal [a]e]c]...

| L

|||||\|||1|----

|||H||||||\|I

\
\
\
\
\
‘Pf\lllll\lllllblll
\
\
\
\
=

R [a[b]b]e]<].

—Pp—

. Start sammenligning pa position P, ,+1

Lad p veere fgrste forskellige position:

ulp] < o[M][p] -
ulp] > o[M][p] -

R—M, Pr«—p-1
L<—M, P «p-1



Bineert tree over intervaller

Mihai Patrascu



Saggninger | et Suffiks Array

Algorithm  Additional Thecretical
storage time bound
(bytes)

SANaive nlogn/8 O{m(kgn+k)
SASimple nlogn/8 . O(m(kgn+ k)
SAComplex 4nlogn/8 O(m +logn + k)

n = tekst leengde, m = magnster laengde, k = antal forekomster



