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Move structure

When  is repetitive, BWT  is “runny”T (T)

row_row_row_your_boat 
row_row_row_your_boat 
row_row_row_your_boat$

BWT

trrrwwwwwwwwwooo___bbbyyyrrrrrrrrruuutt$______aaaoooooooooooo___



Move structure

LF[ ] is also “runny”i

trrrwwwwwwwwwooo___bbbyyyrrrrrrrrruuutt$______aaaoooooooooooo___

$____________aaabbbooooooooooooooorrrrrrrrrrrrtttuuuwwwwwwwwwyyy

L

F

If , then BWT[q] = BWT[q + 1] LF[q + 1] = LF[q] + 1
Two positions in the same BWT run move through 
LF in a parallel fashion 



Move structure

trrrwwwwwwwwwooo___bbbyyyrrrrrrrrruuutt$______aaaoooooooooooo___

$____________aaabbbooooooooooooooorrrrrrrrrrrrtttuuuwwwwwwwwwyyy

L

F



Move structure
T g a t t a c a t $ g a t t a c g t $ a t t a c a t $ #

Off 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

φ 14 18 19 20 21 22 23 16 17 0 1 2 3 4 5 9 24 25 6 12 7 8 10 13 15 26 11

φ⁻¹ 9 10 11 12 13 14 18 20 21 15 22 26 19 23 0 24 7 8 1 2 3 4 5 6 16 17 25
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$# g a t t a c a t $ g a t t a c g t $ a t t a c a t

t$ # g a t t a c a t $ g a t t a c g t $ a t t a c a

t$ a t t a c a t $ # g a t t a c a t $ g a t t a c g

t$ g a t t a c g t $ a t t a c a t $ # g a t t a c a

ta c a t $ # g a t t a c a t $ g a t t a c g t $ a t

ta c a t $ g a t t a c g t $ a t t a c a t $ # g a t

ta c g t $ a t t a c a t $ # g a t t a c a t $ g a t

ca t $ # g a t t a c a t $ g a t t a c g t $ a t t a

ca t $ g a t t a c g t $ a t t a c a t $ # g a t t a

$a t t a c a t $ # g a t t a c a t $ g a t t a c g t

ga t t a c a t $ g a t t a c g t $ a t t a c a t $ #

ga t t a c g t $ a t t a c a t $ # g a t t a c a t $

ac a t $ # g a t t a c a t $ g a t t a c g t $ a t t

ac a t $ g a t t a c g t $ a t t a c a t $ # g a t t

ac g t $ a t t a c a t $ # g a t t a c a t $ g a t t

#g a t t a c a t $ g a t t a c g t $ a t t a c a t $

$g a t t a c g t $ a t t a c a t $ # g a t t a c a t

cg t $ a t t a c a t $ # g a t t a c a t $ g a t t a

at $ # g a t t a c a t $ g a t t a c g t $ a t t a c

gt $ a t t a c a t $ # g a t t a c a t $ g a t t a c

at $ g a t t a c g t $ a t t a c a t $ # g a t t a c

tt a c a t $ # g a t t a c a t $ g a t t a c g t $ a

tt a c a t $ g a t t a c g t $ a t t a c a t $ # g a

tt a c g t $ a t t a c a t $ # g a t t a c a t $ g a

at t a c a t $ # g a t t a c a t $ g a t t a c g t $

at t a c a t $ g a t t a c g t $ a t t a c a t $ # g

at t a c g t $ a t t a c a t $ # g a t t a c a t $ g
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Move structure
T g a t t a c a t $ g a t t a c g t $ a t t a c a t $ #

Off 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

φ 14 18 19 20 21 22 23 16 17 0 1 2 3 4 5 9 24 25 6 12 7 8 10 13 15 26 11

φ⁻¹ 9 10 11 12 13 14 18 20 21 15 22 26 19 23 0 24 7 8 1 2 3 4 5 6 16 17 25
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$# g a t t a c a t $ g a t t a c g t $ a t t a c a t

t$ # g a t t a c a t $ g a t t a c g t $ a t t a c a

t$ a t t a c a t $ # g a t t a c a t $ g a t t a c g

t$ g a t t a c g t $ a t t a c a t $ # g a t t a c a

ta c a t $ # g a t t a c a t $ g a t t a c g t $ a t

ta c a t $ g a t t a c g t $ a t t a c a t $ # g a t

ta c g t $ a t t a c a t $ # g a t t a c a t $ g a t

ca t $ # g a t t a c a t $ g a t t a c g t $ a t t a

ca t $ g a t t a c g t $ a t t a c a t $ # g a t t a

$a t t a c a t $ # g a t t a c a t $ g a t t a c g t

ga t t a c a t $ g a t t a c g t $ a t t a c a t $ #

ga t t a c g t $ a t t a c a t $ # g a t t a c a t $

ac a t $ # g a t t a c a t $ g a t t a c g t $ a t t

ac a t $ g a t t a c g t $ a t t a c a t $ # g a t t

ac g t $ a t t a c a t $ # g a t t a c a t $ g a t t

#g a t t a c a t $ g a t t a c g t $ a t t a c a t $

$g a t t a c g t $ a t t a c a t $ # g a t t a c a t

cg t $ a t t a c a t $ # g a t t a c a t $ g a t t a

at $ # g a t t a c a t $ g a t t a c g t $ a t t a c

gt $ a t t a c a t $ # g a t t a c a t $ g a t t a c

at $ g a t t a c g t $ a t t a c a t $ # g a t t a c

tt a c a t $ # g a t t a c a t $ g a t t a c g t $ a

tt a c a t $ g a t t a c g t $ a t t a c a t $ # g a

tt a c g t $ a t t a c a t $ # g a t t a c a t $ g a

at t a c a t $ # g a t t a c a t $ g a t t a c g t $

at t a c a t $ g a t t a c g t $ a t t a c a t $ # g

at t a c g t $ a t t a c a t $ # g a t t a c a t $ g
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Move structure
T g a t t a c a t $ g a t t a c g t $ a t t a c a t $ #

Off 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

φ 14 18 19 20 21 22 23 16 17 0 1 2 3 4 5 9 24 25 6 12 7 8 10 13 15 26 11

φ⁻¹ 9 10 11 12 13 14 18 20 21 15 22 26 19 23 0 24 7 8 1 2 3 4 5 6 16 17 25
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$# g a t t a c a t $ g a t t a c g t $ a t t a c a t

t$ # g a t t a c a t $ g a t t a c g t $ a t t a c a

t$ a t t a c a t $ # g a t t a c a t $ g a t t a c g

t$ g a t t a c g t $ a t t a c a t $ # g a t t a c a

ta c a t $ # g a t t a c a t $ g a t t a c g t $ a t

ta c a t $ g a t t a c g t $ a t t a c a t $ # g a t

ta c g t $ a t t a c a t $ # g a t t a c a t $ g a t

ca t $ # g a t t a c a t $ g a t t a c g t $ a t t a

ca t $ g a t t a c g t $ a t t a c a t $ # g a t t a

$a t t a c a t $ # g a t t a c a t $ g a t t a c g t

ga t t a c a t $ g a t t a c g t $ a t t a c a t $ #

ga t t a c g t $ a t t a c a t $ # g a t t a c a t $

ac a t $ # g a t t a c a t $ g a t t a c g t $ a t t

ac a t $ g a t t a c g t $ a t t a c a t $ # g a t t

ac g t $ a t t a c a t $ # g a t t a c a t $ g a t t

#g a t t a c a t $ g a t t a c g t $ a t t a c a t $

$g a t t a c g t $ a t t a c a t $ # g a t t a c a t

cg t $ a t t a c a t $ # g a t t a c a t $ g a t t a

at $ # g a t t a c a t $ g a t t a c g t $ a t t a c

gt $ a t t a c a t $ # g a t t a c a t $ g a t t a c

at $ g a t t a c g t $ a t t a c a t $ # g a t t a c

tt a c a t $ # g a t t a c a t $ g a t t a c g t $ a

tt a c a t $ g a t t a c g t $ a t t a c a t $ # g a

tt a c g t $ a t t a c a t $ # g a t t a c a t $ g a

at t a c a t $ # g a t t a c a t $ g a t t a c g t $

at t a c a t $ g a t t a c g t $ a t t a c a t $ # g

at t a c g t $ a t t a c a t $ # g a t t a c a t $ g
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Move structure
T g a t t a c a t $ g a t t a c g t $ a t t a c a t $ #

Off 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

φ 14 18 19 20 21 22 23 16 17 0 1 2 3 4 5 9 24 25 6 12 7 8 10 13 15 26 11

φ⁻¹ 9 10 11 12 13 14 18 20 21 15 22 26 19 23 0 24 7 8 1 2 3 4 5 6 16 17 25
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$# g a t t a c a t $ g a t t a c g t $ a t t a c a t

t$ # g a t t a c a t $ g a t t a c g t $ a t t a c a

t$ a t t a c a t $ # g a t t a c a t $ g a t t a c g

t$ g a t t a c g t $ a t t a c a t $ # g a t t a c a

ta c a t $ # g a t t a c a t $ g a t t a c g t $ a t

ta c a t $ g a t t a c g t $ a t t a c a t $ # g a t

ta c g t $ a t t a c a t $ # g a t t a c a t $ g a t

ca t $ # g a t t a c a t $ g a t t a c g t $ a t t a

ca t $ g a t t a c g t $ a t t a c a t $ # g a t t a

$a t t a c a t $ # g a t t a c a t $ g a t t a c g t

ga t t a c a t $ g a t t a c g t $ a t t a c a t $ #

ga t t a c g t $ a t t a c a t $ # g a t t a c a t $

ac a t $ # g a t t a c a t $ g a t t a c g t $ a t t

ac a t $ g a t t a c g t $ a t t a c a t $ # g a t t

ac g t $ a t t a c a t $ # g a t t a c a t $ g a t t

#g a t t a c a t $ g a t t a c g t $ a t t a c a t $

$g a t t a c g t $ a t t a c a t $ # g a t t a c a t

cg t $ a t t a c a t $ # g a t t a c a t $ g a t t a

at $ # g a t t a c a t $ g a t t a c g t $ a t t a c

gt $ a t t a c a t $ # g a t t a c a t $ g a t t a c

at $ g a t t a c g t $ a t t a c a t $ # g a t t a c

tt a c a t $ # g a t t a c a t $ g a t t a c g t $ a

tt a c a t $ g a t t a c g t $ a t t a c a t $ # g a

tt a c g t $ a t t a c a t $ # g a t t a c a t $ g a

at t a c a t $ # g a t t a c a t $ g a t t a c g t $

at t a c a t $ g a t t a c g t $ a t t a c a t $ # g

at t a c g t $ a t t a c a t $ # g a t t a c a t $ g
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Permutation  is 
the LF mapping

π



Move structure
T g a t t a c a t $ g a t t a c g t $ a t t a c a t $ #

Off 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

φ 14 18 19 20 21 22 23 16 17 0 1 2 3 4 5 9 24 25 6 12 7 8 10 13 15 26 11

φ⁻¹ 9 10 11 12 13 14 18 20 21 15 22 26 19 23 0 24 7 8 1 2 3 4 5 6 16 17 25
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$# g a t t a c a t $ g a t t a c g t $ a t t a c a t

t$ # g a t t a c a t $ g a t t a c g t $ a t t a c a

t$ a t t a c a t $ # g a t t a c a t $ g a t t a c g

t$ g a t t a c g t $ a t t a c a t $ # g a t t a c a

ta c a t $ # g a t t a c a t $ g a t t a c g t $ a t

ta c a t $ g a t t a c g t $ a t t a c a t $ # g a t

ta c g t $ a t t a c a t $ # g a t t a c a t $ g a t

ca t $ # g a t t a c a t $ g a t t a c g t $ a t t a

ca t $ g a t t a c g t $ a t t a c a t $ # g a t t a

$a t t a c a t $ # g a t t a c a t $ g a t t a c g t

ga t t a c a t $ g a t t a c g t $ a t t a c a t $ #

ga t t a c g t $ a t t a c a t $ # g a t t a c a t $

ac a t $ # g a t t a c a t $ g a t t a c g t $ a t t

ac a t $ g a t t a c g t $ a t t a c a t $ # g a t t

ac g t $ a t t a c a t $ # g a t t a c a t $ g a t t

#g a t t a c a t $ g a t t a c g t $ a t t a c a t $

$g a t t a c g t $ a t t a c a t $ # g a t t a c a t

cg t $ a t t a c a t $ # g a t t a c a t $ g a t t a

at $ # g a t t a c a t $ g a t t a c g t $ a t t a c

gt $ a t t a c a t $ # g a t t a c a t $ g a t t a c

at $ g a t t a c g t $ a t t a c a t $ # g a t t a c

tt a c a t $ # g a t t a c a t $ g a t t a c g t $ a

tt a c a t $ g a t t a c g t $ a t t a c a t $ # g a

tt a c g t $ a t t a c a t $ # g a t t a c a t $ g a

at t a c a t $ # g a t t a c a t $ g a t t a c g t $

at t a c a t $ g a t t a c g t $ a t t a c a t $ # g

at t a c g t $ a t t a c a t $ # g a t t a c a t $ g
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(swapped P & Q)



Move structure
T g a t t a c a t $ g a t t a c g t $ a t t a c a t $ #

Off 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

φ 14 18 19 20 21 22 23 16 17 0 1 2 3 4 5 9 24 25 6 12 7 8 10 13 15 26 11

φ⁻¹ 9 10 11 12 13 14 18 20 21 15 22 26 19 23 0 24 7 8 1 2 3 4 5 6 16 17 25
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$# g a t t a c a t $ g a t t a c g t $ a t t a c a t

t$ # g a t t a c a t $ g a t t a c g t $ a t t a c a

t$ a t t a c a t $ # g a t t a c a t $ g a t t a c g

t$ g a t t a c g t $ a t t a c a t $ # g a t t a c a

ta c a t $ # g a t t a c a t $ g a t t a c g t $ a t

ta c a t $ g a t t a c g t $ a t t a c a t $ # g a t

ta c g t $ a t t a c a t $ # g a t t a c a t $ g a t

ca t $ # g a t t a c a t $ g a t t a c g t $ a t t a

ca t $ g a t t a c g t $ a t t a c a t $ # g a t t a

$a t t a c a t $ # g a t t a c a t $ g a t t a c g t

ga t t a c a t $ g a t t a c g t $ a t t a c a t $ #

ga t t a c g t $ a t t a c a t $ # g a t t a c a t $

ac a t $ # g a t t a c a t $ g a t t a c g t $ a t t

ac a t $ g a t t a c g t $ a t t a c a t $ # g a t t

ac g t $ a t t a c a t $ # g a t t a c a t $ g a t t

#g a t t a c a t $ g a t t a c g t $ a t t a c a t $

$g a t t a c g t $ a t t a c a t $ # g a t t a c a t

cg t $ a t t a c a t $ # g a t t a c a t $ g a t t a

at $ # g a t t a c a t $ g a t t a c g t $ a t t a c

gt $ a t t a c a t $ # g a t t a c a t $ g a t t a c

at $ g a t t a c g t $ a t t a c a t $ # g a t t a c

tt a c a t $ # g a t t a c a t $ g a t t a c g t $ a

tt a c a t $ g a t t a c g t $ a t t a c a t $ # g a

tt a c g t $ a t t a c a t $ # g a t t a c a t $ g a

at t a c a t $ # g a t t a c a t $ g a t t a c g t $

at t a c a t $ g a t t a c g t $ a t t a c a t $ # g

at t a c g t $ a t t a c a t $ # g a t t a c a t $ g
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(swapped P & Q)

Permutation  is 
the FL mapping 
(AKA )

π

Ψ



Fundamental movements

T

SA

BWT(T )

SA−1
BWM(T )"T space" "Lex space"



Fundamental movements: LF

T BWT(T )

q

BWM(T )
1

2

3

q′￼← LF[q]

q′￼′￼← LF[q′￼]
SA

Start here

q′￼′￼′￼← LF[q′￼′￼]



Fundamental movements: LF

T BWT(T )

q

BWM(T )
1

2

3
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SA[LF[q]] = SA[q] − 1An LF step 
(in lex space)...

...moves to the left 
by 1 in T space



Fundamental movements: LF

T BWT(T )

q

BWM(T )
1

2

3

q′￼← LF[q]

q′￼′￼← LF[q′￼]
SA

q′￼′￼′￼← LF[q′￼′￼]

SA[LF[q]] = SA[q] − 1

i
i = SA[q]

1
2
3

i′￼← i − 1
i′￼′￼← i′￼− 1
i′￼′￼′￼← i′￼′￼− 1

An LF step 
(in lex space)...

...moves to the left 
by 1 in T space



Fundamental movements: ϕ

SA−1[ϕ(i)] = SA−1[i] − 1

T BWT(T )

q′￼← q − 1

BWM(T )

3

q′￼′￼← q′￼− 1
q′￼′￼′￼← q′￼′￼− 1

1

23
i′￼← ϕ(i)

SA−1

1

i′￼′￼← ϕ(i′￼) 2

i′￼′￼′￼← ϕ(i′￼′￼)

2
1

3

Start here
i

q



Other permutations
T g a t t a c a t $ g a t t a c g t $ a t t a c a t $ #

Off 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

φ 14 18 19 20 21 22 23 16 17 0 1 2 3 4 5 9 24 25 6 12 7 8 10 13 15 26 11

φ⁻¹ 9 10 11 12 13 14 18 20 21 15 22 26 19 23 0 24 7 8 1 2 3 4 5 6 16 17 25
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$# g a t t a c a t $ g a t t a c g t $ a t t a c a t

t$ # g a t t a c a t $ g a t t a c g t $ a t t a c a

t$ a t t a c a t $ # g a t t a c a t $ g a t t a c g

t$ g a t t a c g t $ a t t a c a t $ # g a t t a c a

ta c a t $ # g a t t a c a t $ g a t t a c g t $ a t

ta c a t $ g a t t a c g t $ a t t a c a t $ # g a t

ta c g t $ a t t a c a t $ # g a t t a c a t $ g a t

ca t $ # g a t t a c a t $ g a t t a c g t $ a t t a

ca t $ g a t t a c g t $ a t t a c a t $ # g a t t a

$a t t a c a t $ # g a t t a c a t $ g a t t a c g t

ga t t a c a t $ g a t t a c g t $ a t t a c a t $ #

ga t t a c g t $ a t t a c a t $ # g a t t a c a t $

ac a t $ # g a t t a c a t $ g a t t a c g t $ a t t

ac a t $ g a t t a c g t $ a t t a c a t $ # g a t t

ac g t $ a t t a c a t $ # g a t t a c a t $ g a t t

#g a t t a c a t $ g a t t a c g t $ a t t a c a t $

$g a t t a c g t $ a t t a c a t $ # g a t t a c a t

cg t $ a t t a c a t $ # g a t t a c a t $ g a t t a

at $ # g a t t a c a t $ g a t t a c g t $ a t t a c

gt $ a t t a c a t $ # g a t t a c a t $ g a t t a c

at $ g a t t a c g t $ a t t a c a t $ # g a t t a c

tt a c a t $ # g a t t a c a t $ g a t t a c g t $ a

tt a c a t $ g a t t a c g t $ a t t a c a t $ # g a

tt a c g t $ a t t a c a t $ # g a t t a c a t $ g a

at t a c a t $ # g a t t a c a t $ g a t t a c g t $

at t a c a t $ g a t t a c g t $ a t t a c a t $ # g

at t a c g t $ a t t a c a t $ # g a t t a c a t $ g
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Other permutations
T g a t t a c a t $ g a t t a c g t $ a t t a c a t $ #
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Other permutations
T g a t t a c a t $ g a t t a c g t $ a t t a c a t $ #

Off 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
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cg t $ a t t a c a t $ # g a t t a c a t $ g a t t a

at $ # g a t t a c a t $ g a t t a c g t $ a t t a c

gt $ a t t a c a t $ # g a t t a c a t $ g a t t a c

at $ g a t t a c g t $ a t t a c a t $ # g a t t a c

tt a c a t $ # g a t t a c a t $ g a t t a c g t $ a
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Other permutations

T g a t t a c a t $ g a t t a c g t $ a t t a c a t $ #

Off 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

φ 14 18 19 20 21 22 23 16 17 0 1 2 3 4 5 9 24 25 6 12 7 8 10 13 15 26 11

φ⁻¹ 9 10 11 12 13 14 18 20 21 15 22 26 19 23 0 24 7 8 1 2 3 4 5 6 16 17 25

Rank

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

FL

15

0

9

16

12

13

14

18

20

24

25

26

7

8

17

10

11

19

1

2

3

4

5

6

21

22

23

$# g a t t a c a t $ g a t t a c g t $ a t t a c a t

t$ # g a t t a c a t $ g a t t a c g t $ a t t a c a

t$ a t t a c a t $ # g a t t a c a t $ g a t t a c g

t$ g a t t a c g t $ a t t a c a t $ # g a t t a c a

ta c a t $ # g a t t a c a t $ g a t t a c g t $ a t

ta c a t $ g a t t a c g t $ a t t a c a t $ # g a t

ta c g t $ a t t a c a t $ # g a t t a c a t $ g a t

ca t $ # g a t t a c a t $ g a t t a c g t $ a t t a

ca t $ g a t t a c g t $ a t t a c a t $ # g a t t a

$a t t a c a t $ # g a t t a c a t $ g a t t a c g t

ga t t a c a t $ g a t t a c g t $ a t t a c a t $ #

ga t t a c g t $ a t t a c a t $ # g a t t a c a t $

ac a t $ # g a t t a c a t $ g a t t a c g t $ a t t

ac a t $ g a t t a c g t $ a t t a c a t $ # g a t t

ac g t $ a t t a c a t $ # g a t t a c a t $ g a t t

#g a t t a c a t $ g a t t a c g t $ a t t a c a t $

$g a t t a c g t $ a t t a c a t $ # g a t t a c a t

cg t $ a t t a c a t $ # g a t t a c a t $ g a t t a

at $ # g a t t a c a t $ g a t t a c g t $ a t t a c

gt $ a t t a c a t $ # g a t t a c a t $ g a t t a c

at $ g a t t a c g t $ a t t a c a t $ # g a t t a c

tt a c a t $ # g a t t a c a t $ g a t t a c g t $ a

tt a c a t $ g a t t a c g t $ a t t a c a t $ # g a

tt a c g t $ a t t a c a t $ # g a t t a c a t $ g a

at t a c a t $ # g a t t a c a t $ g a t t a c g t $

at t a c a t $ g a t t a c g t $ a t t a c a t $ # g

at t a c g t $ a t t a c a t $ # g a t t a c a t $ g

F L LF

1

18

19

20

21

22

23

12

13

2

15

16

4

5

6

0

3

14

7

17

8

24

25

26

9

10

11

T g a t t a c a t $ g a t t a c g t $ a t t a c a t $ #
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ca t $ g a t t a c g t $ a t t a c a t $ # g a t t a

$a t t a c a t $ # g a t t a c a t $ g a t t a c g t

ga t t a c a t $ g a t t a c g t $ a t t a c a t $ #

ga t t a c g t $ a t t a c a t $ # g a t t a c a t $

ac a t $ # g a t t a c a t $ g a t t a c g t $ a t t

ac a t $ g a t t a c g t $ a t t a c a t $ # g a t t

ac g t $ a t t a c a t $ # g a t t a c a t $ g a t t

#g a t t a c a t $ g a t t a c g t $ a t t a c a t $

$g a t t a c g t $ a t t a c a t $ # g a t t a c a t

cg t $ a t t a c a t $ # g a t t a c a t $ g a t t a

at $ # g a t t a c a t $ g a t t a c g t $ a t t a c

gt $ a t t a c a t $ # g a t t a c a t $ g a t t a c

at $ g a t t a c g t $ a t t a c a t $ # g a t t a c

tt a c a t $ # g a t t a c a t $ g a t t a c g t $ a

tt a c a t $ g a t t a c g t $ a t t a c a t $ # g a

tt a c g t $ a t t a c a t $ # g a t t a c a t $ g a

at t a c a t $ # g a t t a c a t $ g a t t a c g t $

at t a c a t $ g a t t a c g t $ a t t a c a t $ # g

at t a c g t $ a t t a c a t $ # g a t t a c a t $ g
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Move structure
T g a t t a c a t $ g a t t a c g t $ a t t a c a t $ #

Off 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

φ 14 18 19 20 21 22 23 16 17 0 1 2 3 4 5 9 24 25 6 12 7 8 10 13 15 26 11

φ⁻¹ 9 10 11 12 13 14 18 20 21 15 22 26 19 23 0 24 7 8 1 2 3 4 5 6 16 17 25

Rank

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

FL

15

0

9

16

12

13

14

18

20

24

25

26

7

8

17

10

11

19

1

2

3

4

5

6

21

22

23

$# g a t t a c a t $ g a t t a c g t $ a t t a c a t

t$ # g a t t a c a t $ g a t t a c g t $ a t t a c a

t$ a t t a c a t $ # g a t t a c a t $ g a t t a c g

t$ g a t t a c g t $ a t t a c a t $ # g a t t a c a

ta c a t $ # g a t t a c a t $ g a t t a c g t $ a t

ta c a t $ g a t t a c g t $ a t t a c a t $ # g a t

ta c g t $ a t t a c a t $ # g a t t a c a t $ g a t

ca t $ # g a t t a c a t $ g a t t a c g t $ a t t a

ca t $ g a t t a c g t $ a t t a c a t $ # g a t t a

$a t t a c a t $ # g a t t a c a t $ g a t t a c g t

ga t t a c a t $ g a t t a c g t $ a t t a c a t $ #

ga t t a c g t $ a t t a c a t $ # g a t t a c a t $

ac a t $ # g a t t a c a t $ g a t t a c g t $ a t t

ac a t $ g a t t a c g t $ a t t a c a t $ # g a t t

ac g t $ a t t a c a t $ # g a t t a c a t $ g a t t

#g a t t a c a t $ g a t t a c g t $ a t t a c a t $

$g a t t a c g t $ a t t a c a t $ # g a t t a c a t

cg t $ a t t a c a t $ # g a t t a c a t $ g a t t a

at $ # g a t t a c a t $ g a t t a c g t $ a t t a c

gt $ a t t a c a t $ # g a t t a c a t $ g a t t a c

at $ g a t t a c g t $ a t t a c a t $ # g a t t a c

tt a c a t $ # g a t t a c a t $ g a t t a c g t $ a

tt a c a t $ g a t t a c g t $ a t t a c a t $ # g a

tt a c g t $ a t t a c a t $ # g a t t a c a t $ g a

at t a c a t $ # g a t t a c a t $ g a t t a c g t $

at t a c a t $ g a t t a c g t $ a t t a c a t $ # g

at t a c g t $ a t t a c a t $ # g a t t a c a t $ g
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T g a t t a c a t $ g a t t a c g t $ a t t a c a t $ #

Off 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

φ 14 18 19 20 21 22 23 16 17 0 1 2 3 4 5 9 24 25 6 12 7 8 10 13 15 26 11

φ⁻¹ 9 10 11 12 13 14 18 20 21 15 22 26 19 23 0 24 7 8 1 2 3 4 5 6 16 17 25

Rank

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

FL

15

0

9

16

12

13

14

18

20

24

25

26

7

8

17

10

11

19

1

2

3

4

5

6

21

22

23

$# g a t t a c a t $ g a t t a c g t $ a t t a c a t

t$ # g a t t a c a t $ g a t t a c g t $ a t t a c a

t$ a t t a c a t $ # g a t t a c a t $ g a t t a c g

t$ g a t t a c g t $ a t t a c a t $ # g a t t a c a

ta c a t $ # g a t t a c a t $ g a t t a c g t $ a t

ta c a t $ g a t t a c g t $ a t t a c a t $ # g a t

ta c g t $ a t t a c a t $ # g a t t a c a t $ g a t

ca t $ # g a t t a c a t $ g a t t a c g t $ a t t a

ca t $ g a t t a c g t $ a t t a c a t $ # g a t t a

$a t t a c a t $ # g a t t a c a t $ g a t t a c g t

ga t t a c a t $ g a t t a c g t $ a t t a c a t $ #

ga t t a c g t $ a t t a c a t $ # g a t t a c a t $

ac a t $ # g a t t a c a t $ g a t t a c g t $ a t t

ac a t $ g a t t a c g t $ a t t a c a t $ # g a t t

ac g t $ a t t a c a t $ # g a t t a c a t $ g a t t

#g a t t a c a t $ g a t t a c g t $ a t t a c a t $

$g a t t a c g t $ a t t a c a t $ # g a t t a c a t

cg t $ a t t a c a t $ # g a t t a c a t $ g a t t a

at $ # g a t t a c a t $ g a t t a c g t $ a t t a c

gt $ a t t a c a t $ # g a t t a c a t $ g a t t a c

at $ g a t t a c g t $ a t t a c a t $ # g a t t a c

tt a c a t $ # g a t t a c a t $ g a t t a c g t $ a

tt a c a t $ g a t t a c g t $ a t t a c a t $ # g a

tt a c g t $ a t t a c a t $ # g a t t a c a t $ g a

at t a c a t $ # g a t t a c a t $ g a t t a c g t $

at t a c a t $ g a t t a c g t $ a t t a c a t $ # g

at t a c g t $ a t t a c a t $ # g a t t a c a t $ g
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T g a t t a c a t $ g a t t a c g t $ a t t a c a t $ #

Off 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

φ 14 18 19 20 21 22 23 16 17 0 1 2 3 4 5 9 24 25 6 12 7 8 10 13 15 26 11

φ⁻¹ 9 10 11 12 13 14 18 20 21 15 22 26 19 23 0 24 7 8 1 2 3 4 5 6 16 17 25

Rank
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$# g a t t a c a t $ g a t t a c g t $ a t t a c a t

t$ # g a t t a c a t $ g a t t a c g t $ a t t a c a

t$ a t t a c a t $ # g a t t a c a t $ g a t t a c g

t$ g a t t a c g t $ a t t a c a t $ # g a t t a c a

ta c a t $ # g a t t a c a t $ g a t t a c g t $ a t

ta c a t $ g a t t a c g t $ a t t a c a t $ # g a t

ta c g t $ a t t a c a t $ # g a t t a c a t $ g a t

ca t $ # g a t t a c a t $ g a t t a c g t $ a t t a

ca t $ g a t t a c g t $ a t t a c a t $ # g a t t a

$a t t a c a t $ # g a t t a c a t $ g a t t a c g t

ga t t a c a t $ g a t t a c g t $ a t t a c a t $ #

ga t t a c g t $ a t t a c a t $ # g a t t a c a t $

ac a t $ # g a t t a c a t $ g a t t a c g t $ a t t

ac a t $ g a t t a c g t $ a t t a c a t $ # g a t t

ac g t $ a t t a c a t $ # g a t t a c a t $ g a t t

#g a t t a c a t $ g a t t a c g t $ a t t a c a t $

$g a t t a c g t $ a t t a c a t $ # g a t t a c a t

cg t $ a t t a c a t $ # g a t t a c a t $ g a t t a

at $ # g a t t a c a t $ g a t t a c g t $ a t t a c

gt $ a t t a c a t $ # g a t t a c a t $ g a t t a c

at $ g a t t a c g t $ a t t a c a t $ # g a t t a c

tt a c a t $ # g a t t a c a t $ g a t t a c g t $ a

tt a c a t $ g a t t a c g t $ a t t a c a t $ # g a

tt a c g t $ a t t a c a t $ # g a t t a c a t $ g a

at t a c a t $ # g a t t a c a t $ g a t t a c g t $

at t a c a t $ g a t t a c g t $ a t t a c a t $ # g

at t a c g t $ a t t a c a t $ # g a t t a c a t $ g
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 can be LF, FL ( ),  or π Ψ ϕ ϕ−1

Or any other “runny permutation”


