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Introduction

The su�x array is an index built for a given text that allows fast
search queries on it.
History of the Su�x Array

Introduced during the early 90's by Manber and Myers and by
Baeza-Yates and Gonnet.

Compressed versions in 2000.

Linear-time construction algorithms in 2003.

How good is it?

Nearly-optimal query time (with LCP table).

Optimal space-consumption (related to the entropy of the
text).

What if the original text changes?

Need to recompute the whole su�x array.
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Su�x Array

T = C
0

A
1

C
2

G
3

A
4

C
5

G
6

$
7

i Su�xes

0 CACGACG$
1 ACGACG$
2 CGACG$
3 GACG$
4 ACG$
5 CG$
6 G$
7 $
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Su�x Array

T = C
0

A
1

C
2

G
3

A
4

C
5

G
6

$
7

i SA Su�xes

0 7 $
1 4 ACG$
2 1 ACGACG$
3 0 CACGACG$
4 5 CG$
5 2 CGACG$
6 6 G$
7 3 GACG$
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Su�x Array

T = C
0

A
1

C
2

G
3

A
4

C
5

G
6

$
7

i SA ISA Su�xes

0 7 3 $
1 4 2 ACG$
2 1 5 ACGACG$
3 0 7 CACGACG$
4 5 1 CG$
5 2 4 CGACG$
6 6 6 G$
7 3 0 GACG$
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Su�x Array

T = C
0

A
1

C
2

G
3

A
4

C
5

G
6

$
7

i SA ISA Cyclic shifts

0 7 3 $CACGACG
1 4 2 ACG$CACG
2 1 5 ACGACG$C
3 0 7 CACGACG$
4 5 1 CG$CACGA
5 2 4 CGACG$CA
6 6 6 G$CACGAC
7 3 0 GACG$CAC
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Su�x Array

T = C
0

A
1

C
2

G
3

A
4

C
5

G
6

$
7

i SA ISA Cyclic shifts

0 7 3 $CACGACG
1 4 2 ACG$CACG
2 1 5 ACGACG$C
3 0 7 CACGACG$
4 5 1 CG$CACGA
5 2 4 CGACG$CA
6 6 6 G$CACGAC
7 3 0 GACG$CAC

BWT
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Su�x Array

T = C
0

A
1

C
2

G
3

A
4

C
5

G
6

$
7

i SA ISA Cyclic shifts

0 7 3 $CACGACG
1 4 2 ACG$CACG
2 1 5 ACGACG$C
3 0 7 CACGACG$
4 5 1 CG$CACGA
5 2 4 CGACG$CA
6 6 6 G$CACGAC
7 3 0 GACG$CAC

BWT

Cyclic shift starting at
position 2 in T : de-
noted by T [2].
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A few words about BWT

SA Cyclic shifts

7 $CACGACG
4 ACG$CACG
1 ACGACG$C
0 CACGACG$
5 CG$CACGA
2 CGACG$CA
6 G$CACGAC
3 GACG$CAC

F L
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A few words about BWT

SA Cyclic shifts

7 $CACGACG
4 ACG$CACG
1 ACGACG$C
0 CACGACG$
5 CG$CACGA
2 CGACG$CA
6 G$CACGAC
3 GACG$CAC

F L
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A few words about BWT

Lexicographically second cyclic
shift that ends with a A.

SA Cyclic shifts

7 $CACGACG
4 ACG$CACG
1 ACGACG$C
0 CACGACG$
5 CG$CACGA
2 CGACG$CA
6 G$CACGAC
3 GACG$CAC

F L
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A few words about BWT

Lexicographically second cyclic
shift that ends with a A.

SA Cyclic shifts

7 $CACGACG
4 ACG$CACG
1 ACGACG$C
0 CACGACG$
5 CG$CACGA
2 CGACG$CA
6 G$CACGAC
3 GACG$CAC

F L

L
...

A
...

CGACG$CA
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A few words about BWT

Lexicographically second cyclic
shift that ends with a A.

SA Cyclic shifts

7 $CACGACG
4 ACG$CACG
1 ACGACG$C
0 CACGACG$
5 CG$CACGA
2 CGACG$CA
6 G$CACGAC
3 GACG$CAC

F L

L
...

A
...

CGACG$CA

⇒ < CGACG$C
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A few words about BWT

Lexicographically second cyclic
shift that ends with a A.

SA Cyclic shifts

7 $CACGACG
4 ACG$CACG
1 ACGACG$C
0 CACGACG$
5 CG$CACGA
2 CGACG$CA
6 G$CACGAC
3 GACG$CAC

F L

L
...

A
...

CGACG$CA

⇒ < CGACG$C

Previous cyclic shifts are:

A

ACGACG$C
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A few words about BWT

Lexicographically second cyclic
shift that ends with a A.

SA Cyclic shifts

7 $CACGACG
4 ACG$CACG
1 ACGACG$C
0 CACGACG$
5 CG$CACGA
2 CGACG$CA
6 G$CACGAC
3 GACG$CAC

F L

F
...

A
...

ACGACG$C

⇒ < CGACG$C

Previous cyclic shifts are:

A

ACGACG$C
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A few words about BWT

Lexicographically second cyclic
shift that ends with a A.

Lexicographically second cyclic
shift that starts with a A.

SA Cyclic shifts

7 $CACGACG
4 ACG$CACG
1 ACGACG$C
0 CACGACG$
5 CG$CACGA
2 CGACG$CA
6 G$CACGAC
3 GACG$CAC

F L

F
...

A
...

ACGACG$C

⇒ < CGACG$C

Previous cyclic shifts are:

A

ACGACG$C
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A few words about BWT

Lexicographically second cyclic
shift that ends with a A.

Lexicographically second cyclic
shift that starts with a A.

SA Cyclic shifts

7 $CACGACG
4 ACG$CACG
1 ACGACG$C
0 CACGACG$
5 CG$CACGA
2 CGACG$CA
6 G$CACGAC
3 GACG$CAC

F L

LF function

If a cyclic shift is the ith to end with c ,
the previous one is the ith to start with c .
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Updating the su�x array

T = C
0

A
1

C
2

G
3

A
4

C
5

G
6

$
7

SA

7
4
1
0
5
2
6
3

−→

T ′ = C
0

A
1

C
2

A
3

G
4

A
5

C
6

G
7

$
8

SA'

8
1
5
3
0
2
6
7
4
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Updating the su�x array: T ′ = C
0

A
1

C
2

A
3

G
4

A
5

C
6

G
7

$
8

Original structures for T .

i SA ISA F L

0 7 3 $ CACGAC G

1 4 2 A CG$CAC G

2 1 5 A CGACG$ C

3 0 7 C ACGACG $

4 5 1 C G$CACG A

5 2 4 C GACG$C A

6 6 6 G $CACGA C

7 3 0 G ACG$CA C
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Updating the su�x array: T ′ = C
0

A
1

C
2

A
3

G
4

A
5

C
6

G
7

$
8

We consider cyclic shifts from right to left (because of LF ).
The rightmost cyclic shift impacted is:

GACG$CAC → GACG$CACA

i SA ISA F L

0 7 3 $ CACAGAC G

1 4 2 A CG$CACA G

2 1 5 A CGACG$ C

3 0 7 C ACGACG $

4 5 1 C G$CACAG A

5 2 4 C GACG$C A

6 6 6 G $CACAGA C

7 3 0 G ACG$CA C
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Updating the su�x array: T ′ = C
0

A
1

C
2

A
3

G
4

A
5

C
6

G
7

$
8

We consider cyclic shifts from right to left (because of LF ).
The rightmost cyclic shift impacted is:

GACG$CAC → GACG$CACA

i SA ISA F L

0 7 3 $ CACAGAC G

1 4 2 A CG$CACA G

2 1 5 A CGACG$ C

3 0 7 C ACGACG $

4 5 1 C G$CACAG A

5 2 4 C GACG$C A

6 6 6 G $CACAGA C

7 3 0 G ACG$CA C

Position of GACG$?

Insertion at position 3.
→ GACG$ starts at
position 3, in T .
→ GACG$ at position
ISA[3] in the table.
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Updating the su�x array: T ′ = C
0

A
1

C
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A
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C
6

G
7

$
8

We consider cyclic shifts from right to left (because of LF ).
The rightmost cyclic shift impacted is:

GACG$CAC → GACG$CACA

i SA ISA F L

0 7 3 $ CACAGAC G

1 4 2 A CG$CACA G

2 1 5 A CGACG$ C

3 0 7 C ACGACG $

4 5 1 C G$CACAG A

5 2 4 C GACG$C A

6 6 6 G $CACAGA C

7 3 0 G ACG$CA C

Position of GACG$?

Insertion at position 3.
→ GACG$ starts at
position 3, in T .
→ GACG$ at position
ISA[3] in the table.
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Updating the su�x array: T ′ = C
0

A
1

C
2

A
3

G
4

A
5

C
6

G
7

$
8

We consider cyclic shifts from right to left (because of LF ).
The rightmost cyclic shift impacted is:

GACG$CAC → GACG$CACA

i SA ISA F L

0 7 3 $ CACAGAC G

1 4 2 A CG$CACA G

2 1 5 A CGACG$ C

3 0 7 C ACGACG $

4 5 1 C G$CACAG A

5 2 4 C GACG$C A

6 6 6 G $CACAGA C

7 3 0 G ACG$CA C Substitution by A, in L

Position of GACG$?

Insertion at position 3.
→ GACG$ starts at
position 3, in T .
→ GACG$ at position
ISA[3] in the table.
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Updating the su�x array: T ′ = C
0

A
1

C
2

A
3

G
4

A
5

C
6

G
7

$
8

For the following of the algorithm, we need the position of the
previous cyclic shift.

i SA ISA F L

0 7 3 $ CACAGAC G

1 4 2 A CG$CACA G

2 1 5 A CGACG$ C

3 0 7 C ACGACG $

4 5 1 C G$CACAG A

5 2 4 C GACG$C A

6 6 6 G $CACAGA C

7 3 0 G ACG$CA C Substitution by A, in L
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Updating the su�x array: T ′ = C
0

A
1

C
2

A
3

G
4

A
5

C
6

G
7

$
8

For the following of the algorithm, we need the position of the
previous cyclic shift.

i SA ISA F L

0 7 3 $ CACAGAC G

1 4 2 A CG$CACA G

2 1 5 A CGACG$ C

3 0 7 C ACGACG $

4 5 1 C G$CACAG A

5 2 4 C GACG$C A

6 6 6 G $CACAGA C

7 3 0 G ACG$CA C Substitution by A, in L

Third cyclic shift ending with a C.
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Updating the su�x array: T ′ = C
0

A
1

C
2

A
3

G
4

A
5

C
6

G
7

$
8

For the following of the algorithm, we need the position of the
previous cyclic shift.

i SA ISA F L

0 7 3 $ CACAGAC G

1 4 2 A CG$CACA G

2 1 5 A CGACG$ C

3 0 7 C ACGACG $

4 5 1 C G$CACAG A

5 2 4 C GACG$C A

6 6 6 G $CACAGA C

7 3 0 G ACG$CA C Substitution by A, in L

Third cyclic shift ending with a C.

Previous cyclic shift (in T )

Salson, Lecroq, Léonard, Mouchard Dynamic Extended Su�x Arrays 6/13



Updating the su�x array: T ′ = C
0

A
1

C
2

A
3

G
4

A
5

C
6

G
7

$
8

For the following of the algorithm, we need the position of the
previous cyclic shift.

i SA ISA F L

0 7 3 $ CACAGAC G

1 4 2 A CG$CACA G

2 1 5 A CGACG$ C

3 0 7 C ACGACG $

4 5 1 C G$CACAG A

5 2 4 C GACG$C A

6 6 6 G $CACAGA C

7 3 0 G ACG$CAC A Substitution by A, in L

Previous cyclic shift (in T )
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Updating the su�x array: T ′ = C
0

A
1

C
2

A
3

G
4

A
5

C
6

G
7

$
8

Now, we consider the previous cyclic shift in T ′:
T ′[3] = AGACG$CAC

i SA ISA F L

0 7 3 $ CACAGAC G

1 4 2 A CG$CACA G

2 1 5 A CGACG$ C

3 0 7 C ACGACG $

4 5 1 C G$CACAG A

5 2 4 C GACG$C A

6 6 6 G $CACAGA C

7 3 0 G ACG$CAC A

Previous cyclic shift (in T )
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Updating the su�x array: T ′ = C
0

A
1

C
2

A
3

G
4

A
5

C
6

G
7

$
8

Now, we consider the previous cyclic shift in T ′:
T ′[3] = AGACG$CAC

i SA ISA F L

0 7 3 $ CACAGAC G

1 4 2 A CG$CACA G

2 1 5 A CGACG$ C

3 0 7 C ACGACG $

4 5 1 C G$CACAG A

5 2 4 C GACG$C A

6 6 6 G $CACAGA C

7 3 0 G ACG$CAC A

Previous cyclic shift (in T )

Third cyclic shift that ends with a A

Salson, Lecroq, Léonard, Mouchard Dynamic Extended Su�x Arrays 6/13



Updating the su�x array: T ′ = C
0

A
1

C
2

A
3

G
4

A
5

C
6

G
7

$
8

Now, we consider the previous cyclic shift in T ′:
T ′[3] = AGACG$CAC

i SA ISA F L

0 7 3 $ CACAGAC G

1 4 2 A CG$CACA G

2 1 5 A CGACG$ C

3 0 7 C ACGACG $

4 5 1 C G$CACAG A

5 2 4 C GACG$C A

6 6 6 G $CACAGA C

7 3 0 G ACG$CAC A

Previous cyclic shift (in T )

Third cyclic shift that ends with a A

Position of insertion
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Updating the su�x array: T ′ = C
0

A
1

C
2

A
3

G
4

A
5

C
6

G
7

$
8

Now, we consider the previous cyclic shift in T ′:
T ′[3] = AGACG$CAC

i SA ISA F L

0 7 3 $ CACAGAC G

1 4 2 A CG$CACA G

2 1 5 A CGACG$ C

3 3 A GACG$CA C

4 0 7 C ACGACG $

5 5 1 C G$CACAG A

6 2 4 C GACG$C A

7 6 6 G $CACAGA C

8 3 0 G ACG$CAC A

Position of T [2]

Third cyclic shift that ends with a A

Position of insertion
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Updating the su�x array: T ′ = C
0

A
1

C
2

A
3

G
4

A
5

C
6

G
7

$
8

Now, we consider the previous cyclic shift in T ′:
T ′[3] = AGACG$CAC

i SA ISA F L

0 7 3 $ CACAGAC G

1 4 2 A CG$CACA G

2 1 5 A CGACG$ C

3 3 A GACG$CA C

4 0 7 C ACGACG $

5 5 1 C G$CACAG A

6 2 4 C GACG$C A

7 6 6 G $CACAGA C

8 3 0 G ACG$CAC A

Position of T [2]

Position of insertion

The su�x starts at position 3.
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Updating the su�x array: T ′ = C
0

A
1

C
2

A
3

G
4

A
5

C
6

G
7

$
8

Now, we consider the previous cyclic shift in T ′:
T ′[3] = AGACG$CAC

i SA ISA F L

0 7 3 $ CACAGAC G

1 4 2 A CG$CACA G

2 1 5 A CGACG$ C

3 3 A GACG$CA C

4 0 7 C ACGACG $

5 5 1 C G$CACAG A

6 2 4 C GACG$C A

7 6 6 G $CACAGA C

8 3 0 G ACG$CAC A

Position of T [2]

Position of insertion
Increment the other positions
greater or equal to 3.
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Updating the su�x array: T ′ = C
0

A
1

C
2

A
3

G
4

A
5

C
6

G
7

$
8

Now, we consider the previous cyclic shift in T ′:
T ′[3] = AGACG$CAC

i SA ISA F L

0 8 3 $ CACAGAC G

1 5 2 A CG$CACA G

2 1 5 A CGACG$ C

3 3 A GACG$CA C

4 0 7 C ACGACG $

5 6 1 C G$CACAG A

6 2 4 C GACG$C A

7 7 6 G $CACAGA C

8 4 0 G ACG$CAC A

Position of T [2]

Position of insertion
Increment the other positions
greater or equal to 3.
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Updating the su�x array: T ′ = C
0

A
1

C
2

A
3

G
4

A
5

C
6

G
7

$
8

Now, we consider the previous cyclic shift in T ′:
T ′[3] = AGACG$CAC

i SA ISA F L

0 8 3 $ CACAGAC G

1 5 2 A CG$CACA G

2 1 5 A CGACG$ C

3 3 A GACG$CA C

4 0 7 C ACGACG $

5 6 1 C G$CACAG A

6 2 4 C GACG$C A

7 7 6 G $CACAGA C

8 4 0 G ACG$CAC A

Position of T [2]

Position of insertion

ISA[3] is the position of 3 in SA.
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Updating the su�x array: T ′ = C
0

A
1

C
2

A
3

G
4

A
5

C
6

G
7

$
8

Now, we consider the previous cyclic shift in T ′:
T ′[3] = AGACG$CAC

i SA ISA F L

0 8 3 $ CACAGAC G

1 5 2 A CG$CACA G

2 1 5 A CGACG$ C

3 3 3 A GACG$CA C

4 0 7 C ACGACG $

5 6 1 C G$CACAG A

6 2 4 C GACG$C A

7 7 6 G $CACAGA C

8 4 0 G ACG$CAC A

Position of T [2]

Position of insertion

ISA[3] is the position of 3 in SA.
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Updating the su�x array: T ′ = C
0

A
1

C
2

A
3

G
4

A
5

C
6

G
7

$
8

Now, we consider the previous cyclic shift in T ′:
T ′[3] = AGACG$CAC

i SA ISA F L

0 8 4 $ CACAGAC G

1 5 2 A CG$CACA G

2 1 6 A CGACG$ C

3 3 3 A GACG$CA C

4 0 8 C ACGACG $

5 6 1 C G$CACAG A

6 2 5 C GACG$C A

7 7 7 G $CACAGA C

8 4 0 G ACG$CAC A

Position of T [2]

Position of insertion
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Updating the su�x array: T ′ = C
0

A
1

C
2

A
3

G
4

A
5

C
6

G
7

$
8

Previous cyclic shift:
T [2] = CGACG$CA
T ′[2] = CAGACG$CA

i SA ISA F L

0 8 4 $ CACAGAC G

1 5 2 A CG$CACA G

2 1 6 A CGACG$ C

3 3 3 A GACG$CA C

4 0 8 C ACGACG $

5 6 1 C G$CACAG A

6 2 5 C GACG$C A

7 7 7 G $CACAGA C

8 4 0 G ACG$CAC A

Position of T [2]
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Updating the su�x array: T ′ = C
0

A
1

C
2

A
3

G
4

A
5

C
6

G
7

$
8

Previous cyclic shift:
T [2] = CGACG$CA
T ′[2] = CAGACG$CA

i SA ISA F L

0 8 4 $ CACAGAC G

1 5 2 A CG$CACA G

2 1 6 A CGACG$ C

3 3 3 A GACG$CA C

4 0 8 C ACGACG $

5 6 1 C G$CACAG A

6 2 5 C GACG$C A

7 7 7 G $CACAGA C

8 4 0 G ACG$CAC A

Position of T [2]

Second cyclic shift that ends with a C
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Updating the su�x array: T ′ = C
0

A
1

C
2

A
3

G
4

A
5

C
6

G
7

$
8

Previous cyclic shift:
T [2] = CGACG$CA
T ′[2] = CAGACG$CA

i SA ISA F L

0 8 4 $ CACAGAC G

1 5 2 A CG$CACA G

2 1 6 A CGACG$ C

3 3 3 A GACG$CA C

4 0 8 C ACGACG $

5 6 1 C G$CACAG A

6 2 5 C GACG$C A

7 7 7 G $CACAGA C

8 4 0 G ACG$CAC A

Position of T [2]

Second cyclic shift that ends with a C

Expected position of T ′[2]
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Updating the su�x array: T ′ = C
0

A
1

C
2

A
3

G
4

A
5

C
6

G
7

$
8

Previous cyclic shift:
T [2] = CGACG$CA
T ′[2] = CAGACG$CA

i SA ISA F L

0 8 4 $ CACAGAC G

1 5 2 A CG$CACA G

2 1 6 A CGACG$ C

3 3 3 A GACG$CA C

4 0 8 C ACGACG $

5 6 1 C G$CACAG A

6 2 5 C GACG$C A

7 7 7 G $CACAGA C

8 4 0 G ACG$CAC A

Position of T [2]

Expected position of T ′[2]
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Updating the su�x array: T ′ = C
0

A
1

C
2
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3

G
4

A
5

C
6

G
7

$
8
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8 4 0 G ACG$CAC A
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Expected position of T ′[2]
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Updating the su�x array: T ′ = C
0

A
1

C
2

A
3

G
4

A
5

C
6

G
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Updating the su�x array: T ′ = C
0

A
1

C
2

A
3

G
4

A
5

C
6

G
7

$
8

Previous cyclic shift:
T [0] = CACGACG$
T ′[0] = CACAGACG$

i SA ISA F L

0 8 4 $ CACAGAC G

1 1 1 A CAGACG$ C

2 5 5 A CG$CACA G

3 3 3 A GACG$CA C

4 0 8 C ACGACG $

5 2 2 C AGACG$C A

6 6 6 C G$CACAG A

7 7 7 G $CACAGA C

8 4 0 G ACG$CAC A

T ′[1]: First cyclic shift ending with a C.

T [0]
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Updating the su�x array: T ′ = C
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0 8 4 $ CACAGAC G
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2 5 5 A CG$CACA G

3 3 3 A GACG$CA C

4 0 8 C ACGACG $

5 2 2 C AGACG$C A

6 6 6 C G$CACAG A

7 7 7 G $CACAGA C

8 4 0 G ACG$CAC A

T ′[1]: First cyclic shift ending with a C.

T [0] Expected position of T ′[0]
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Updating the su�x array: T ′ = C
0

A
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1 1 1 A CAGACG$ C

2 5 5 A CG$CACA G
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4 0 8 C ACAGACG $

5 2 2 C AGACG$C A

6 6 6 C G$CACAG A

7 7 7 G $CACAGA C

8 4 0 G ACG$CAC A

T ′[1]: First cyclic shift ending with a C.

T [0] Expected position of T ′[0]

Salson, Lecroq, Léonard, Mouchard Dynamic Extended Su�x Arrays 6/13



Algorithm for the insertion of c in T at position i

T = C
0

A
1

C
2

G
3

A
4

C
5

G
6

$
7

T ′ = C
0

A
1

C
2

A
3

G
4

A
5

C
6

G
7

$
8

Stage I: Cyclic shifts from T [i+1] to T [n]

Nothing
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Algorithm for the insertion of c in T at position i

T = C
0

A
1

C
2

G
3

A
4

C
5

G
6

$
7

T ′ = C
0

A
1

C
2

A
3

G
4

A
5

C
6

G
7

$
8

Stage II: Cyclic shift T [i ], ending by the inserted letter

1 Retrieve the position of T [i ] (with ISA[i ]).

2 Compute the position of T [i−1] (with LF(posT [i ])).

3 Substitute the letter in L at posT [i ] by c .
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Algorithm for the insertion of c in T at position i

T = C
0

A
1

C
2

G
3

A
4

C
5

G
6

$
7

T ′ = C
0

A
1

C
2

A
3

G
4

A
5

C
6

G
7

$
8

Stage III: Cyclic shift T ′[i ]

1 Compute the position of T ′[i ] (LF(posT [i ]))

2 Insert the letter substituted in L at position posT ′[i ] .

3 Insert i in SA at position posT ′[i ] . Increment all the elements
greater or equal to i in SA.

4 Insert posT ′[i ] in ISA at position i . Increment all the elements
greater or equal to posT ′[i ] in ISA.
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Algorithm for the insertion of c in T at position i

T = C
0

A
1

C
2

G
3

A
4

C
5

G
6

$
7

T ′ = C
0

A
1

C
2

A
3

G
4

A
5

C
6

G
7

$
8

Stage IV: Cyclic shifts T [j], j < i

1 Compute the position of T ′[i−1] (with LF(posT ′[i ])).

2 While positions of T [j] and T ′[j] are not equal
1 Compute the position of T [j−1] (with LF(T [j]))
2 Move elements in L and SA from position posT [j ] to posT ′[j ]

3 Change element at position j in ISA to posT ′[j ] . Increment
(decrement) all values in ISA between posT [j ] and posT ′[j ] .

4 Compute the position of T ′[j−1] (with LF(T ′[j]))
5 j ← j − 1
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3 Change element at position j in ISA to posT ′[j ] . Increment
(decrement) all values in ISA between posT [j ] and posT ′[j ] .

4 Compute the position of T ′[j−1] (with LF(T ′[j]))
5 j ← j − 1
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Dealing with increments in SA and ISA.

Many increments/decrements in SA and ISA during stage III and
stage IV.
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Dealing with increments in SA and ISA.

Let us consider:

i 0 1 2 3 4 5 6 7 8

SA 7 4 1 3 0 5 2 6 3
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Dealing with increments in SA and ISA.
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Dealing with increments in SA and ISA.
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Taking care of space consumption

Observations

SA and ISA are both space-consuming (say 4n bytes each).

We store them in trees so that they can be updated e�ciently.

Therefore, space-consumption is from far too important.
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Taking care of space consumption

Sampling ISA (as in FM-Index, Mäkinen and Navarro 2008)

i 0 1 2 3 4 5 6 7

ISA 3 2 5 7 1 4 6 0
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ISA 3 2 5 7 1 4 6 0
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Taking care of space consumption

Sampling ISA (as in FM-Index, Mäkinen and Navarro 2008)

i 0 1 2 3 4 5 6 7

ISA 3 2 5 7 1 4 6 0

ISA[5] = ?

position of T [5]
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position of T [5]
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position of T [6] = 6
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Taking care of space consumption

Sampling ISA (as in FM-Index, Mäkinen and Navarro 2008)

i 0 1 2 3 4 5 6 7

ISA 3 2 5 7 1 4 6 0

ISA[5] = ?

LF(ISA[6]) = LF(6)

ISA[6]:
position of T [6] = 6
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Taking care of space consumption

Sampling ISA (as in FM-Index, Mäkinen and Navarro 2008)

i 0 1 2 3 4 5 6 7

ISA 3 2 5 7 1 4 6 0

ISA[5] = LF(6) = 4

ISA[6]:
position of T [6] = 6
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Taking care of space consumption

Sampling ISA (as in FM-Index, Mäkinen and Navarro 2008)

i 0 1 2 3 4 5 6 7

ISA 3 2 5 7 1 4 6 0

Storing the sample with bit vectors:

i 0 1 2 3 4 5 6 7

positions sampled 1 0 0 1 0 0 1 0

i 0 1 2 3 4 5 6 7

values sampled 0 0 0 1 0 0 1 1
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Taking care of space consumption
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Taking care of space consumption
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i 0 1 2 3 4 5 6 7

positions sampled 1 0 0 1 0 0 1 0
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values sampled 0 0 0 1 0 0 1 1

π 1 3 2

How to retrieve ISA[3]?
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Taking care of space consumption

Sampling ISA (as in FM-Index, Mäkinen and Navarro 2008)

i 0 1 2 3 4 5 6 7

ISA 3 2 5 7 1 4 6 0

Storing the sample with bit vectors:

i 0 1 2 3 4 5 6 7

positions sampled 1 0 0 1 0 0 1 0

i 0 1 2 3 4 5 6 7

values sampled 0 0 0 1 0 0 1 1

π 1 3 2

How to retrieve ISA[3]? → ISA[3] = 7
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Taking care of space consumption

Sampling ISA (as in FM-Index, Mäkinen and Navarro 2008)

Storing the sample with bit vectors:

i 0 1 2 3 4 5 6 7

positions sampled 1 0 0 1 0 0 1 0

i 0 1 2 3 4 5 6 7

values sampled 0 0 0 1 0 0 1 1

π 1 3 2

What about SA?

SA[i ] = ISA−1[i ].
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Taking care of space consumption

Sampling ISA (as in FM-Index, Mäkinen and Navarro 2008)

Storing the sample with bit vectors:

i 0 1 2 3 4 5 6 7

positions sampled 1 0 0 1 0 0 1 0

i 0 1 2 3 4 5 6 7

values sampled 0 0 0 1 0 0 1 1

π 1 3 2
π−1

What about SA?

SA[i ] = ISA−1[i ].
How to retrieve SA[7]? → SA[7] = 3
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Taking care of space consumption

Sampling ISA (as in FM-Index, Mäkinen and Navarro 2008)

Storing the sample with bit vectors:

i 0 1 2 3 4 5 6 7

positions sampled 1 0 0 1 0 0 1 0

i 0 1 2 3 4 5 6 7

values sampled 0 0 0 1 0 0 1 1

π 1 3 2

Space consumption

We choose to sample one position out of log1+ε n, ε > 0
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Space consumption

We choose to sample one position out of log1+ε n, ε > 0
Compressed bit vectors: nH0 = o(n) bits
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Taking care of space consumption

Sampling ISA (as in FM-Index, Mäkinen and Navarro 2008)

Storing the sample with bit vectors:

i 0 1 2 3 4 5 6 7

positions sampled 1 0 0 1 0 0 1 0

i 0 1 2 3 4 5 6 7

values sampled 0 0 0 1 0 0 1 1

π 1 3 2

Space consumption

We choose to sample one position out of log1+ε n, ε > 0
Compressed bit vectors: nH0 = o(n) bits
π : O(log n) per element, n

log1+ε n
elements ⇒ o(n).
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Time complexity

LF function

Using González and Navarro's
structure:O(log n(1+ log σ/ log log n))

Retrieving any element from SA or ISA

At most log1+ε n steps to retrieve a sampled value:

O(log2+ε n(1+ log σ/ log log n))

Updating the su�x array

In the worst case:

O(n log n(1+ log σ/ log log n))
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Space complexity

Storing the BWT

Using González and Navarro's structure, L is stored in:
nHk(T ) + o(n log σ) bits.

F is sorted and can be e�ciently stored in O(σ log n) bits.

SA and ISA

o(n) bits
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Experiments

Remarks

We can handle insertions of factors as well as deletions or
substitutions.

Structures are dynamic and su�er from a logarithmic factor in
comparison to static structures.

The reordering stage of the algorithm may be time-consuming.
Is it the case in practice?
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Experiments
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Conclusion & Perspectives

Result

E�cient update for su�x arrays and FM-Index.

Publications

M. Salson, T. Lecroq, M. Léonard, and L. Mouchard (2009).
A Four-Stage Algorithm for Updating a Burrows-Wheeler
Transform. TCS . Accepted.

M. Salson, T. Lecroq, M. Léonard, and L. Mouchard (2009).
Dynamic extended su�x arrays. JDA. Accepted.

Current work

Compressed bit vectors for improving the overall space consumption
of the resulting index (Mäkinen and Navarro 2008).

Perspectives

LZ factorization
Indexing large sequences subject to local modi�cations.
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