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From Prefix Free Parsing to the BWT
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suffix 𝛼 with |𝛼| > 𝑤 were a proper prefix of a phrase suffix 𝛽
then 𝛽 would contain a trigger string |𝛼| − 𝑤 characters from 
its start and |𝛽| − |𝛼| characters from its end. 
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From Prefix Free Parsing to the BWT

Corollary 
If two characters 𝑆[𝑖] and 𝑆[𝑗] are followed by different phrase 
suffixes 𝛼 and 𝛽 with |𝛼|, |𝛽| ≥ 𝑤, then 𝑆[𝑖] precedes 𝑆[𝑗] in 
BWT if and only if 𝛼 ≺ 𝛽. 

Proof sketch 
Suppose |𝛼| ≤ |𝛽|. Since 𝛼 ≠ 𝛽[0. . |𝛼| − 1], either 𝛼 ≺
𝛽 or 𝛽 ≺ 𝛼. In the first case 𝑆[𝑖] precedes 𝑆[𝑗] in BWT and in 
the second case 𝑆[𝑗] precedes 𝑆[𝑖]. 
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From Prefix Free Parsing to the BWT

Lemma 
If two characters 𝑆[𝑖] and 𝑆[𝑗] are followed by the same phrase 
suffix 𝛼 with |α| ≥ w, then 𝑆[𝑖] precedes 𝑆[𝑗] in 𝐵𝑊𝑇 if and 
only if 𝑆[𝑖 + |𝛼| − 𝑤 + 1] ≺ 𝑆[𝑗 + |𝛼| − 𝑤 + 1]. 

Corollary 
If two characters 𝑆[𝑖] and 𝑆[𝑗] in phrases 𝑃[𝑖′] and 𝑃[𝑗′] are 
followed by the same phrase suffix 𝛼 with |𝛼| ≥ 𝑤, then 𝑆[𝑖]
precedes 𝑆[𝑗] in BWT(𝑆) if and only if 𝑃[𝑖′] precedes 𝑃[𝑗′] in 
BWT(𝑃). 
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Extending Previous Results

Lemma
If two characters 𝑇[𝑖] and 𝑇[𝑗] in phrases 𝑃#[𝑖′] and 
𝑃#[𝑗′] are followed by the same phrase suffix 𝛼 ∈ 𝑆#, then 
𝑇[𝑖] precedes 𝑇[𝑗] in the 𝐵𝑊𝑇 of 𝑇 if one of the following 
two conditions is true: (a) 𝑃#[𝑖′] and 𝑃#[𝑗′] precede two 
different phrase suffixes 𝛼′, 𝛽′ ∈ 𝑆$ with 𝛼′ ≺ 𝛽′; or (b) the 
phrase 𝑃$[𝑘′] containing 𝑃#[𝑖′] precedes the phrase 
𝑃$[𝑙′] containing 𝑃#[𝑗′] in the BWT of 𝑃$. 
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Data Structures

Definition 
We define a table 𝑇# containing 𝑂(|𝑆#|) rows and 𝑂(1) columns, such 
that for each, 𝛼 ∈ 𝑆# we store in 𝑇# its range in BWT 𝑇 along with the 
co-lexicographic sub-range of the elements of 𝐷# which store the 
occurrence of 𝛼. 

co-lex sub-ranges
phrase 
suffix

BWT
range

$ A C G T

$$ 0-0 0-0 

$AAC 1-3 3-3 

$AC 4-8 1-1 2-2 

AAC 9-16 3-3 4-4 5-7 

AATAGT 17-18 21-21 

AC 19-43 1-2 3-7 8-9 10-11 12-13 

AGGT 44-45 25-25 

… 
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Data Structures

Definition
We define a table 𝑇$ containing 𝑂(|𝑆$|) rows and 𝑂(1) columns, such 
that for each 𝛼′ ∈ 𝑆$, we store in 𝑇$ the co-lexicographic range of the 
phrases of 𝐷$ that contain 𝛼′ along with the meta-characters that 
precede 𝛼′ in 𝑃#. 

phrase 
suffix

co-lex 
range

preceding meta-
character

$ $ 0--0 $ 

1 7 17 4--4 $ 

…

5 20 15 18 3 10 2--2 19 

5 20 16 23 $ $ $ 0--0 12 

6 12 5 20 16 23 $ $ $ 0--0 4 

7 17 4--8 1,14,4,4

8 4 6 12 5 20 16 23 $ $ $ 0--0 14 

…
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Data Structures

Definition 
We define the grid 𝐺$ containing 𝑂(|𝑃$|) rows and 𝑂 𝐷$ columns, 
such that for each element 𝑙 of 𝐷$, 𝐺$ stores the positions in the BWT
of 𝑃$ where 𝑙 appears. 

C
o
-
l
e
x
 
r
a
n
k

0
 
7 17 25 17 21 9 24 14 8 4 6 12 5 20 16 23 2 $ $ ●

1
 

7 17 25 17 19 9 24 16 23 3 10 ●

2
 

3 10 17 19 5 20 15 18 3 10 ●

3
 

7 17 25 13 24 15 22 3 10 ●

4
 

$ 1 7 17 ●

5
 

7 17 25 11 9 20 16 23 4 7 17 ●

6
 

7 17 26 4 7 17 ●

7
 

3 10 13 20 14 8 4 7 17 ●

8
 

3 10 12 5 20 14 7 17 ●
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Algorithm

Given a string 𝑇 , the dictionary 𝐷# and the parse 𝑃# obtained by 
running PFP on 𝑇, and the dictionary 𝐷$ and the parse 𝑃$ obtained by 
running PFP on 𝑃#, we can compute the BWT of 𝑇 from 𝐷#, 𝐷$ and 𝑃$
using 𝑂(|𝐷#| + |𝐷$| + |𝑃$|) workspace. 

for each ⍺ in table T! :
if ⍺ is preceded by only one character:

output corresponding BWT range
else:

for each ⍺’ in T" preceded by D!(⍺):
if ⍺′ is preceded by only one element of D! ⍺ :

output corresponding BWT range
else:

for each occurrence of 𝑑 ∈ D! ⍺ in G":
output corresponding BWT character
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Results on Chromosome 19
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Thank you!

Source Code: https://github.com/marco-oliva/r-pfbwt

E-mail: marco.oliva@ufl.edu
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