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Burrows-Wheeler transform

» Last column of sorted list of rotations
+ index of input within this list
» Example w = cbccabaacbh

Rotations Sorted list
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Output: BWT(w) = (bcaacccabb, 9)

» For typical inputs w: BWT(w) is easier to compress
» BWT is not surjective
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The bijective BWT

» Lyndon factorization followd by multi-word BWT

» Example:
» Lyndon factorization:
» Sort order <:

w = cbccabaach

w = c - bcc - ab - aach

u=<vifu <wWw

Rotations Sorted list
aacb———— aach
baac ab
cbaa acba
acba baac
ab ba
ba bcc
bcc cbhaa

cbc— cbhc

ccb—cchb

C—— C

» BWTS(w) = bbacacacbc, no index required
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Inverting the BWTS

» BWTS(w) = bbacacacbc

Sorted list

aacblaacbaa
ablabababab «—
acbalacbaac
baaclbaacbha
balbabababa
bcclbccbcch —
cbaalcbaach
cbclcbcecbcec
ccblccbcecbhce
clcccececcccc —

O OuL0O Loy T T

periods/cycles

» w = c- bcc-ab-aach
» BWTS is bijective
» In fact, BWTS recovers the Lyndon factorization.
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Historical remarks about the bijective BWT

> Gessel and Reutenauer (1993): GRT
» Burrows and Wheeler (1994): BWT

» Crochemore, Désarmenien, and Perrin (2005):
BWT is a special case of GRT

Mantaci, Restivo, Rosone, and Sciortino (2005):
multi-word BWT, application: divide input into blocks
of equal length and use multi-word BWT on blocks

Scott (2007):
apply multi-word BWT to blocks obtained by
Lyndon factorization, no indices necessary
(example, computer program, but no formal proof)

Gil and Scott (2009, indepently of this paper):

full description / formal proof of the bijective BWT,
test results

v

v
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Sort transform

» Discovered by Schindler (1997)

» Nong, Zhang, and Chan (2006/2007/2008):

fast algorithms for the inverse
» Example w = cbccabaach, order 2

Rotations

cbccabaach
bcbccabaac
cbcbccabaa
acbcbccaba
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Sort transform

» Discovered by Schindler (1997)

» Nong, Zhang, and Chan (2006/2007/2008):

fast algorithms for the inverse
» Example w = cbccabaach, order 2

Rotations

cbccabaach
bcbccabaac
cbcbccabaa
acbcbccaba
aacbcbccab
baacbcbcca
abaacbcbcc
cabaacbcbc
ccabaacbch
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Output: ST(w) = (bcaacccbab, 8)

2-sorted list
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Inverting the ST

» STy(w) = (bcaacccbab, 8)

2-contexts

<— start

ChbddpbddE
PEETETTR &Y

w = cbccabaach | cb
» ST is injective

» STy is reversal
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w = c - bcc - ab - aach

u=vifu <w

Rotations 2-sorted list
aacb———— aach
baac ab
cbaa acba
acba baac
ab ba
ba bcc
bcc cbhaa

cbc— cbhc

ccb—cchb

C—— C

» LST2(w) = bbacacacbc, no index required
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» BWTS(BWTS(w)) = cccbbcbaaa

» ST1(ST2(w)) = ccccbbbaaa

» BWT / BWTS mixes letters within contexts
» ST, / LSTx preserves order within k-contexts
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