Vsechno, co jste kdy chteli védét o BWTu*
(*ale bdli jste se zeptat)

Francesco DOLCE

Janov nad Nisou, 31 kvétna 2025 @j}
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Slunce, seno, konjugdty

nose - seno
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Slunce, seno, konjugdty

nose - seno
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Slunce, seno, konjugdty

nose — seno
duha - hadu
Karle — lekar
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Slunce, seno, konjugdty

nose — seno
duha - hadu
Karle — lekar

Dvé slova uv a vu jsou sdruzena.

[w]={w'=uv|w=vu}
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Lasky jedné transformace

Burrowsova- Wheelerova transformace

Necht A={a1<ar<--<ag}aweAd.

b a n a n a
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Lasky jedné transformace

Burrowsova- Wheelerova transformace

Necht A={a1<ar<--<ag}aweAd.
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Lasky jedné transformace

Burrowsova- Wheelerova transformace

Necht A={a1<ar<--<ag}aweAd.

BB oM
P M p BB O
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P o p B OB
o BB
Mo o BB
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Lasky jedné transformace

Burrowsova- Wheelerova transformace

Necht A={a1<ar<--<ag}aweAd.

BB oM
P M p BB O
B oB M
P o p B OB
o BB
Mo p o BB

BWT 4 (banana) = nnbaaa
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Lasky jedné transformace

Burrowsova- Wheelerova transformace

Necht A={a1<ar<--<ag} aweAd”. Gl

ais b a n a m
aan a b a np
a3 n a n a bg
bp a n a n ai
ni a b a n as
na n a b a3

BWT 4 (banana) = nnbaaa

Vyskyty stejného pismene se objevuji ve stejném poradi v prvnim a poslednim sloupci.
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Lasky jedné transformace

Burrowsova- Wheelerova transformace

Necht A={a1<ax<-<as}aweA".

P opop o B B

BWT 4 (banana) = nnbaaa

BWT{ (nnbaaa) =?
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Lasky jedné transformace

Burrowsova- Wheelerova transformace

Necht A={a1<ax<-<as}aweA".

BB TP
M P o BB

BWT 4 (banana) = nnbaaa

BWT{ (nnbaaa) =?
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Lasky jedné transformace

Burrowsova- Wheelerova transformace

Necht A={a1<ax<-<as}aweA".

BB TP
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Lasky jedné transformace

Burrowsova- Wheelerova transformace

Necht A={a1<ax<-<as}aweA".

a n
a n
a b
b a a
n a a
n a a

BWT 4 (banana) = nnbaaa

BWT{ (nnbaaa) =?
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Lasky jedné transformace

Burrowsova- Wheelerova transformace

Necht A={a1<ax<-<as}aweA".

a b n
a n
a b
b a a
n a a
n a a

BWT 4 (banana) = nnbaaa

BWT{ (nnbaaa) =?
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Lasky jedné transformace

Burrowsova- Wheelerova transformace

Necht A={a1<ax<-<as}aweA".

a b n
a n n
a b
b a a
n a a
n a a
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Lasky jedné transformace

Burrowsova- Wheelerova transformace

Necht A={a1<ax<-<as}aweA".

BB TP
M P BB O
M P o BB

BWT 4 (banana) = nnbaaa

BWT{ (nnbaaa) =?
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Lasky jedné transformace

Burrowsova- Wheelerova transformace

Necht A={a1<ax<-<as}aweA".

BB TP
Mo p BB T
B oB e
Mo p B OB
o B B MM
Mo OB B

BWT 4 (banana) = nnbaaa

BWT{ (nnbaaa) =?
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Lasky jedné transformace

Burrowsova- Wheelerova transformace

Necht A={a1<ax<-<as}aweA".

BB TP
Mo p BB T
B oB e
Mo p B OB
o B B MM
Mo OB B

BWT 4 (banana) = nnbaaa

BWT{ (nnbaaa) = [banana]
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Lasky jedné transformace

Burrowsova- Wheelerova transformace

Necht A={a1<ax<-<as}aweA".

BB TP
Mo p BB T
B oB e
Mo p B OB
o B B MM
Mo OB B

BWT 4 (banana) = nnbaaa

BWT{ (nnbaaa) = [banana] = [abanan]
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Pro hrst dolaru

Necht $ je takovy, Ze a < $ pro kazdé a € A.

A B T e e
T BB
P eAB B o e E
B o aB
P P AB B T e
BB oA
PP P eAB B O

BWT 4 (banana$) = bnn$aaa
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Ostre sledované BW'T

[u] = [v] tehdy a jen tehdy, kdyz BWT 4 (u) = BWT 4 (v)
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Ostre sledované BW'T

[u] = [v] tehdy a jen tehdy, kdyz BWT 4 (u) = BWT 4 (v)

[w] = [u”] tehdy a jen tehdy, kdyz BWT 4 (u) = by-+-b, @ BWT 4 (w) = b{---bf,.

BWT 4 (bon) = nob BWT 4 (bonbon) = nnoobb
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Ostre sledované BW'T

[u] = [v] tehdy a jen tehdy, kdyz BWT 4 (u) = BWT 4 (v)

[w] = [u”] tehdy a jen tehdy, kdyz BWT 4 (u) = by-+-b, @ BWT 4 (w) = b{---bf,.

BWT 4 (bon) = nob BWT 4 (bonbon) = nnoobb

BWT 4 () je prostym zobrazeni z mnoziny Lyndonovych slov do A*.
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Lyndonddovy Joe

Slovo w je Lyndonovo, pokud je primitivni a nejmensi v [w].

Definice [Lyndon (1954), LLupwos (1953)]

w € A" je Lyndonovo slovo (or npasunbHoe cnoso), pokud pro kazdé p,s € A" tak, ze
w = ps, je splnéna jedna z nasledujicich t¥i ekvivalentnich podminek:

1. w<sp,

2. w<s,

3. p<s.

v a,b,ab,aab,aabab, ananas X abab, ba,banana,kolaloka l

fe&
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S tebou mé bavi véta

Véta [Chen-Fox-Lyndon (1958)]

Kazdé slovo w lze jednoznaéné zapsat jako

w ="Ll1laLm

tak, ze kazdé /; je Lyndonovo a #1 > 0> > -+ > Up,y.

banana = b-an-an-a

ananas = ananas
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Ndavrat do BWT

BWT ' (babbaaa) =?
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Ndavrat do BWT

BWT ' (babbaaa) =?

P p p T O O
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Ndavrat do BWT

BWT ' (babbaaa) =?

(oo 2 o S I I I
P p p T T M O
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Francesco Dolce

ai
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b1
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Ndavrat do BWT

BWT ' (babbaaa) =?

BWT, Lyndon, a tak déle
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Francesco Dolce

ai
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b1
b2
b3

Ndavrat do BWT

BWT ' (babbaaa) =?

a2

BWT, Lyndon, a tak déle
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Francesco Dolce

ai
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Ndavrat do BWT

BWT ' (babbaaa) =?

az
b1

BWT, Lyndon, a tak dale
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Francesco Dolce
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Ndavrat do BWT

BWT ' (babbaaa) =?
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Francesco Dolce
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Ndavrat do BWT
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Francesco Dolce
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Ndavrat do BWT

BWT ' (babbaaa) =?

az b1
b1
b2
b3
ai
as
a4

BWT, Lyndon, a tak dale

b1
ai
b2
b3
az
as
as

TIGR CoW 2025




Francesco Dolce
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Ndavrat do BWT
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az b1
b1
b2
b3
ai
as
a4

BWT, Lyndon, a tak dale

b1
ai
b2
b3
az
as
as

TIGR CoW 2025




ai
az
as
as
b1
b2
b3

Ndavrat do BWT

BWT ' (babbaaa) =?

az b1
b1
b2
b3
ai
as
a4

Ne kazdé slovo ma inverzni BWT!

Francesco Dolce

BWT, Lyndon, a tak déle
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Tri transformace pro Popelku
BWT, eBWT, bBWT

Necht W je multimnozina {aab,ab, ab} Lyndonovych slov nad {a <., b}.

a a b
a b a
a b
a b
b a a
b a
b a
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Tri transformace pro Popelku
BWT, eBWT, bBWT

Necht W je multimnozina {aab,ab, ab} Lyndonovych slov nad {a <., b}.

a a b
a b a
a b
a b
b a a
b a
b a

eBWT 4 (W) = babbaaa
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Tri transformace pro Popelku
BWT, eBWT, bBWT

Necht W je multimnozina {aab,ab, ab} Lyndonovych slov nad {a <., b}.

a a b
a b a
a b
a b
b a a
b a
b a

eBWT 4 (W) = babbaaa

Véta [Mantaci, Restivo, Rosone, Sciortino (2007)]

eBWT 4 (-) je bijekce mezi mnozinou multimnozin Lyndonovych slov a A*.
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Tri transformace pro Popelku
BWT, eBWT, bBWT

Tvrzeni [Mantaci, Restivo, Rosone, Sciortino (2007)]

Necht W je multimnozina primitivnich slov.
Pro kazdé w € W je BWT 4 (w) podposloupnosti eBWT 4 (W).

BWT 4 (aab) = baa eBWT 4 ({aab, ab,ab}) = babbaaa
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Tri transformace pro Popelku
BWT, eBWT, bBWT

Definice [Gil, Scott (2012)]

Bijektivni BWT slova w je
bBWT 4 (w) =eBWT 4 (L(w)),

kde £(w) je multimnozina Lyndonovych slov Lyndonovy faktorizace w.

CcTU

fe&
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Tri transformace pro Popelku
BWT, eBWT, bBWT

Definice [Gil, Scott (2012)]

Bijektivni BWT slova w je
bBWT 4 (w) =eBWT 4 (L(w)),

kde £(w) je multimnozina Lyndonovych slov Lyndonovy faktorizace w.

L(banana) = {b,an,an,a}
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Tri transformace pro Popelku
BWT, eBWT, bBWT

Definice [Gil, Scott (2012)]

Bijektivni BWT slova w je
bBWT 4 (w) =eBWT 4 (L(w)),

kde £(w) je multimnozina Lyndonovych slov Lyndonovy faktorizace w.

a
a n
L(banana) = {b,an,an,a} : "
n a
n a
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Tri transformace pro Popelku
BWT, eBWT, bBWT

Definice [Gil, Scott (2012)]

Bijektivni BWT slova w je
bBWT 4 (w) =eBWT 4 (L(w)),

kde £(w) je multimnozina Lyndonovych slov Lyndonovy faktorizace w.

a
a n
L(banana) = {b,an,an,a} : "
n a
n a

bBWT 4 (banana) = eBWT 4 ({b,an,an,a}) = annbaa
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Tri transformace pro Popelku
BWT, eBWT, bBWT

Definice [Gil, Scott (2012)]

Bijektivni BWT slova w je
bBWT 4 (w) =eBWT 4 (L(w)),

kde £(w) je multimnozina Lyndonovych slov Lyndonovy faktorizace w.

a
a n
L(banana) = {b,an,an,a} : "
n a
n a

bBWT 4 (banana) = eBWT 4 ({b,an, an,a}) = annbaa # nnbaaa = BWT 4 (banana)
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Tri transformace pro Popelku
BWT, eBWT, bBWT

Tvrzeni [Gil, Scott (2012)]

bBWT 4 (-) je bijekce na A*.
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Tri transformace pro Popelku
BWT, eBWT, bBWT

Tvrzeni [Gil, Scott (2012)]

bBWT 4 (-) je bijekce na A*.

Tvrzeni [Biagi, Cenzato, Liptdk, Romana (2025)]

bBWT 4 (w) = BWT 4 (w) tehdy a jen tehdy, kdyz w je mocnina Lyndonova slova.
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Slovo w € A* je m-shlukové pro A, pokud BWT 4 (w) = 2" ..a"  kde ki = |w],

Francesco Dolce

Shlukugi se, md panenko

BWT, Lyndon, a tak déle

m(1) " 9r(d)’

(i)

i
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Shlukugi se, md panenko

Slovo w € A* je w-shlukové pro A, pokud BWT 4 (w) = afrl(l)ma:d(d), kde ki = |w|a

w je dokonale shlukové, pokud 7 je symetrickd permutace: w(i) =d —i+ 1.

(i)
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Shlukuji se, md panenko

Slovo w € A* je w-shlukové pro A, pokud BWT 4 (w) = afrl(l)ma:d(d), kde ki = |w|a

w je dokonale shlukové, pokud 7 je symetrickd permutace: w(i) =d —i+ 1.

(i)

A={a<b<n}, A" ={a<n<b}, A" ={n<a<b}

BWT 4 (banana) = nnbaaa, BWT 4 (banana) = bnnaaa, BWT 4~ (banana) = aabnna
m=(nba) ' =(bna) ne shlukové

ndy Wkt ndy Wacko!
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Vesnicko ma shlukovaci

w = uP € A* je m-shlukové pro A tehdy a jen tehdy, kdyz u je m-shlukové pro A.
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Vesnicko ma shlukovaci

w = uP € A* je m-shlukové pro A tehdy a jen tehdy, kdyz u je m-shlukové pro A.

Véta [Mantaci, Restivo, Sciortino (2003)]

Nad binarni abecedou jsou (dokonale) shlukova slova presné mocniny Christoffelovych
slov (tj. koneénych standardnich sturmovskych slov) a slov s nimi sdruzenych.
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Vesnicko ma shlukovaci

w = uP € A* je m-shlukové pro A tehdy a jen tehdy, kdyz u je m-shlukové pro A.

Véta [Mantaci, Restivo, Sciortino (2003)]

Nad binarni abecedou jsou (dokonale) shlukova slova presné mocniny Christoffelovych
slov (tj. koneénych standardnich sturmovskych slov) a slov s nimi sdruzenych.

A nad vétsimi abecedami?
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Virchni, palindromy! ~

Véta [Lapointe, Reutenauer (2024)]
Necht w € A* je primitivni slovo. Nasledujici jsou ekvivalentni:
® w je Lyndonovo dokonale shlukové

. W = aip1axp2--Pi-1dk, Pi=P;i (specidlni faktorizace)
W = qi1q2, qj = §j

a W = ai1pPi1azp2---Pk-13ak
[w] = [akpk-1---azp1a1 ]

BWT 4 (ananas) = n°s'a’ arcnranarss [ananas] = [sanana]
anana-s
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A% prijde IET

a b a n a n [a a a]@[n n)
a n a b a n
a n a n a b (n n}@[a a a]
b a n a n a
n a b a n a
n a n a b a
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A% piijde IET

@ a @)@ n
n o)) a a)

BB T
P p BB T
B oB e
M op o B OB
oB B
p o p o BB

Véta [Ferenczi, Zamboni (2013)]

Necht w € A* je primitivni slovo a Kard (A) = d. Nésledujici jsou ekvivalentni:
1. w je m-shlukové;

2. ww se vyskytuje v trajektorii minimalniho d-DIET s permutaci 7;

2
3. ww se vyskytuje v trajektorii d-DIET s permutaci T;
4

. ww se vyskytuje v trajektorii d-IET s permutaci 7.

Stay tuned for the next talk! st
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Déekuji vdam za pozornost




