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Burrows - Wheeler
transformation

Opfundet af Wheeler (1927-2004) in 1978
Burrows var ph.d. studerende af Wheeler @ Cambridge
Teknisk rapport 1994
“Annual Data Compression Conference”
afviste at publicere resultatet

Burrows: 2022 ACM Paris Kanellakis Theory and Practice Award



Det var abenbart en god idé...

Tidsskriftsudgave dedikeret til BWT
doi.org/10.1016/j.tcs.2007.07.011



https://doi.org/10.1016/j.tcs.2007.07.011

Burrows-Wheeler transformation
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Burrows-Wheeler transformantionen af
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Tre oplagte spgrgsmal

= Kan transformation inverteres ?

(nmbS$taa,3) =P batmans$

= Kan transformationerne beregnes effektivt ?

elong g$
g$so@elong sssss . L.
Tnotsonerongstr midlertidigt
longstring$some
. wiosrinse 1,000.000.000.000 tegn
lon rin . oot
Some 1L0ngs C g $ bmelongotringse men output kun
ongstring$somel
1.000.000 tegn e 1.000.000 tegn
tring$s long
g$somelong

= Kan transformationen overhovedet bruges til noget ?

Google scholar giver +2500 citationer
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Inverse Burrows-Wheeler transformation

Hvilket index far man fra Burrows-Wheeler
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Inverse Burrows-Wheeler transformation

sorteret Burrows-Wheeler transformation
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Inverse Burrows-Wheeler transformation
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Inverse Burrows-Wheeler transformation
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Inverse Burrows-Wheeler transformation
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Invers Burrows-Wheeler transformation

Saetning

Man kan fra Burrows-Wheeler transformationen af en streng
rekonstruere den oprindelige streng

(itdSogala,3) —t datalogis$



Hurtigere inverse Burrows-Wheeler transformation

Idé — konstruer kun fgrste og sidste kolonne

== datalogis$
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Hurtigere inverse Burrows-Wheeler transformation

Idé — konstruer kun fgrste og sidste kolonne

== datalogis$
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Python implementation

def RBurrowsWheeler (text) :

S = sorted(text[i:] + text[:1] for 1 in range(len(text)))
idx = S.index (text)
bwt = '"'.join(x[-1] for x in S)

return (bwt, idx)

def InverseBurrowsWheeler (bwt, 1dx):

S = ["'"'"] * len(bwt)
for in range(len(bwt)):
S = sorted(c + s for s, ¢ in zip (S, bwt))

return S[idx]

def FEfficientInverseBurrowsWheeler (bwt, 1idx):
r = []
cnt = {}
for char in bwt:
r.append (cnt.get (char, 0))

cnt[char] = cnt.get(char, 0) + 1
s =0
for char in sorted(cnt):

s, cnt[char] = s + cntlchar], s

S = []

for in range(len(bwt)):
S.append (bwt [1dx])
idx = cnt[bwt[idx]]

+ r[idx]
return ''.join (reversed(S))



Den Grimme £lling (Hans Christian Andersen, 1843)
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BWT kan forbedre eksisterende tabsfri
komprimerings metoder

Der var s& dejligt ude pa landet; det va
r sommer, kornet stod gult, havren gren,
hget var rejst i stakke nede i de grenn
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Burrows-Wheeler
transform

Eksempel: bzip2

komprimere

ﬁ
h

dekomprimere

1111000001001111001010111001110111110111
0111000100000000010000010011101101000111
0111111110011011010010001010010001001110
1110101001111111011010100111001000110111
0000000010011001001101010111000011111010
1001010110111001110000001110011000110001
0011100100101110010101010111110010101000
1001111110011101100101000000111111101011
0000010000000110100101001100110000111111
1011100001100111011010000110001011100101
1110101111110111110001111000101111101011
1110001100101011010111011011001110010010
0101000000110000111110101100100011001000
1111111100101100100010111001100100011100
0111111111100100111110010111101100111010
0100001010101011010010111011110110011110
1100110010010011001010001011110011010001
1110101010000000011010101011001111010011
0001111011011001110111100001011110000011

komprimeret
(mindre)

(BWT + run-length encoding + move-to-front + Huffman codes + delta encoding + ... en.wikipedia.org/wiki/Bzip2)



https/en.wikipedia.org/wiki/Bzip2
https/en.wikipedia.org/wiki/Bzip2

Mgnstergenkendelse (FM-index)
[Ferragina, Manzini, FOCS 2000]

Givet en streng, byg en kompakt sggestruktur sa vi effektivt kan finde

alle forekomster af en delstreng (m@nster)

akke nede i de gregnne enge, og der gik storken pad sine lange, r@de ben og snakkede agyptisk,

gmme om i kanalerne, end at lgbe op og sidde under etlskr&ppebladlfor at snadre med hende.$
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e, at sma bgrn kunne std oprejste under de stgrste; der var lige sa vildsomt derinde, som i den tykk
este skov, og her 13a en and pa sin rede; hun skulle ruge sine smd& &llinger ud, men nu var hun nasten
ked af det, fordi det varede sa lange, og hun sjzlden fik visit; de andre @®nder holdt mere af at sv
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Opsummering

= Burrows-Wheeler transformation
= kan beregnes effektivt (ikke vist)
= der findes en invers transformation
= den inverse kan beregnes effektivt

"= Mange (overraskende) anvendelser, f.eks.
* komprimering af sekvenser og billeder
* hukommelseseffektive sggestrukturer til mgnstergenkendelse

" bioinformatik, f.eks. “sequence alignment”
(AU bioinformatikkursus Genome-Scale Algorithms)

https://en.wikipedia.org/wiki/Burrows—Wheeler transform



https://en.wikipedia.org/wiki/Burrows–Wheeler_transform
https://en.wikipedia.org/wiki/Burrows–Wheeler_transform
https://en.wikipedia.org/wiki/Burrows–Wheeler_transform
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