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MOTIVACIA

* Rastlci pocet dat a aj potreba ich efektivheho spravovania

Biologické data su repetitivne

* Pangenomické data — mnozina sekvencii (gendémov)
z rznych jedincov toho istého druhu

* Komprimovana datova striktira podporujlca indexovanie

EFFICIENT CONSTRUCTION OF A COMPRESSED INDEX FOR LARGE TEXT COLLECTIONS 2/32



BWT MATICA

* Matica lexikograficky zoradenych
rotacii povodného retazca

readysteadygoy ———
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BWI

e

* Burrows-Wheelerova transformacia (stlpec L)
* Linearna konstrukcia
* Linearna rekonstrukcia pévodného retazca

* Moznost kompresie — vdaka zoskupovaniu rovnakych
kontextov do suvislych sekcii

* Rychle vyhladavanie O(m + occ)
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BLOK

* Hlavna jednotka kompresie

* Skupina rovnakych podretazcov
povodného retazca

readysteadygoy ————

* Uvazujeme iba maximalne bloky
(na vysku aj Sirku)
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TUNELOVANI
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PROFIT BLOKU

* Vyhoda tunelovania daného bloku
(alebo mnoziny blokov)

* | BWT|-| TBWT |
* w-(h—1)
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KOLIZIA BLOKOV

cTooo
e
AER R
© o000
anoon
R R R

0O C P 1
0O C b 1

(s ]
2]
U‘
H
p RN “nanD

a) kompenzovatelnd kolizia b) kriticka kolizia c) kritickd samokolizia

Io = 1=l I
}
¥

To Ta Je

f
a4
SR

EFFICIENT CONSTRUCTION OF A COMPRESSED INDEX FOR LARGE TEXT COLLECTIONS 8/32



PROBLEM VYBERU BLOKOQOV

* Mnozina blokov, ktora neobsahuje kritickd koliziu
a maximalizuje profit tunelovania

* NP-Uplny problém

U. Baier and K. Dede, "BWT Tunnel Planning is Hard But Manageable," 2019 Data Compression Conference (DCC), Snowbird, UT,
USA, 2019, pp. 142-151, doi: 10.1109/DCC.2019.00022. keywords: {Tunneling;Data compression;Transforms;Complexity
theory;Planning;Compressors;Tools;Burrows Wheeler transform;data compression;tunneling},
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DE BRUIJN GRAPH EDGE MINIMIZATION

State-of-the-art algoritmus
2020

* Priemerny ¢as O(n*log s)

* Neuvazuje kompenzovatelné kolizie

Uwe Baier, Thomas Buchler, Enno Ohlebusch, Pascal Weber, Edge minimization in de Bruijn graphs,
Information and Computation, Volume 285, Part B, 2022, 104795, ISSN 0890-5401,
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NASA HEURISTIKA
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KRITICKE KOLIZ|

- vpravo zarovnane (kritické)
kolizie

> vlavo zarovnané (kritické)
kolizie

- rohové (kritické) kolizie

EFFICIENT CONSTRUCTION OF A COMPRESSED INDEX FOR LARGE TEXT COLLECTIONS 13/32



KRITICKE KOLIZIE

O(Nlog N + m)

O(Nlog N +m + Nwye)

Q (N Wmazx IDg ( AT?UWMI ) )
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ROHOVE KOL[Z
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ZAROVNANE KOLIZIE

(g T (hl e I) + Wo - (hg e 1) = il S (hg B 1)

= wr - (h— 1)+ (hg — 1) - (w2 — )

= 4t - (hl == hg) + Wy - (hg = ]_)

bl bl
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VERTIKALNA DIVIZIA
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HORIZONTALNA DIVIZIA

— W1 —2w, —UH
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7UZENI

—(hl — hg) —(hl — hg) —(hl — hg)
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ROHOVE KOLI[Z

* vertikdlna divizia +
* vertikdlna divizia +
* horizontalna divizia +
* vertikdlna divizia +

* horizontalna divizia +

vertikalna divizia
horizontalna divizia
horizontalna divizia
zUzenie

zUzenie
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NAHODNE RETAZCE

B vertical division W horizontal division shortening
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3IOLOGICKE DATA

B verical division B horizontal division shortening
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PANGENOMICKE DATA

B vertical division [l horizontal division shortening
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HEURISTIKA

* Vypocet maximalnych blokov

* Vpravo zarovaneé kolizie — vertikalna divizia

Odstranenie samokolidujucich a malych blokov

* Vlavo zarovnané kolizie — skratenie

° O(*Nru-%mm 10% N + ’ﬂ)
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Input file Initial size Tunneled size Size ratio Time | Strategy
) 12 0.67 0.1 | dBGEM
example. txt 18 _ o o
10 0.56 0.001 | heuristics
1881 0.62 0.06 | dBGEM
repetitive. txt 3019 _ - o
1306 0.43  0.005 | heuristics
; 5076 099 0.06 | dBGEM
protein.fasta 5109 o
4753 0.99  0.02 | heuristics
: 10029 0.97 0.10| dBGEM
zine fingers.fa 10345 o
B 8724 0.84  0.03 | heuristics
; 33343 098 0.10 | dBGEM
bacteriophage.fasta 34041 o
28965 0.85  0.10 | heuristics
6288 0.92 0.06 | dBGEM
S-cereale.fasta 6837
5359 0.78  0.02 | heuristics
3518 0.95 0.06 | dBGEM
huYchr.fasta 3693 o
2979 0.81  0.01 | heuristics
10833 97 . 1IBGEM
yvellow feverl.fasta 11128 083 0-9 0.08 ) G )
- 9438 0.85  0.03 | heuristics
9400 0.33 0.08| dBGEM
HIV1.txt 28060 _
8026 0.29  0.07 | heuristics
16348 0.97  0.09 1IBGEM
C alphal.fasta 16841 : o
- 14345 0.85  0.03 | heuristics
29895 0.98 0.11 | dBGEM
corona_ virusl.fasta 30592 o
- 26105 0.85  0.09 | heuristics
: ; 32801 0.97 0.11| dBGEM
ecoli plasmidl.fasta 33854 o
- 28635 0.85  0.08 | heuristics
o, 19893 0.97 0.10 | dBGEM
salmonicidal.fasta 20578 o
17318 0.84  0.06 | heuristics
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Tunneled

[nput file Initial size # seq _ Size ratio Time | Strategy
size
. 58294 0.21 0.21 | dBGEM
corona_ virus.fasta 275303 o
- 40668 0.15  0.67 | heuristic
5881 0.38 0.10 | dBGEM
prion_protein.fasta 15614 6 .
4622 0.30  0.04 | heuristic
9600 0.41  0.90 | dBGEM
drosophila_ protein.fasta 23134 9 L.
7504 0.32  0.06 | heuristic
114653 0.60 0.30 | dBGEM
ecoli plasmid.fasta 190975 _ .
94965 0.50  0.55 | heuristic
9027 0.46 0.08 | dBGEM
HIV.fasta 19706 s
6675 0.34  0.05 | heuristic
42034 045 0.15 | dBGEM
Calpha.fasta 94119 7 o
35263 0.37  0.24 | heuristic
5379 0.38  0.07 | dBGEM
G __suppressor.fasta 14048 7 o
4587 0.33  0.04 | heuristic
- 3292 0.38 0.06 | dBGEM
penicilium.fasta 8640 11 .
2208 0.26  0.02 | heuristic
. 9305 0.40 0.08 | dBGEM
zinc_fingers.fasta 22081 5 o
7501 0.33  0.06 | heuristic
. 35735 091 0.13 | dBGEM
nematocida.fasta 39134 23 o
30249 0.77  0.10 | heuristic
) 10353 0.44 0.08 | dBGEM
stachybotris.fasta 23348 30 o
7669 0.33  0.05 | heuristic
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/AVER

Heuristika tuneluje aj kompenzovatelne kolizie
Velmi vhodna pre data do velkosti ~1 000 000bp
Pre vacsie data je Cas uz v minutach az hodinach

Cas heuristiky je blizky linearnemu (v praxi)
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Tunneled

[nput file [nitial size # seq _ Size ratio Time | Strategy | | Input file N | Wmaz
size
_ 58294 0.21  0.21 | dABGEM
corona_ virus.fasta 275303 o corona_virus.fasta 12015 | 22296
40668 0.15  0.67 | heuristic
_ _ 5881 0.38  0.10 | dBGEM
prion _protein.fasta 15614 o prion_protein.fasta 1456 | 2498
4622 0.30  0.04 | heuristic
9600 0.41 0.90 | dBGEM ) _
drosophila  protein.fasta 23134 drosophila_protein.fasta | 2427 | 1858
N 7504 0.32  0.06 | heuristic
_ . 114653 0.60  0.30 | dBGEM
ecoli plasmid.fasta 190975 o ecoli_plasmid.fasta 27385 | 33837
94965 0.50  0.55 | heuristic
. 9027 0.46 0.08 | dBGEM
HIV fasta 19706 o HIV.fasta 2044 | 2739
6675 0.34  0.05 | heuristic
42034 0.45 0.15 | dBGEM :
Calpha.fasta 94119 o Calpha.fasta 10877 | 3285
35263 0.37  0.24 | heuristic
5379 0.38  0.07 | dBGEM T T
G suppressor.fasta 14048 7 ‘ o C-supgressontasts 1502 | 1075
4587 0.33  0.04 | heuristic
3292 0.38  0.06 | dBGEM seili ot
penicilium.fasta 8640 11 ‘ o SR 603 750
2208 0.26  0.02 | heuristic
9305 0.40  0.08 | dBGEM | | 4 Bk
zinc_fingers.fasta 22981 ) ‘ A et 2247 | 4334
7551 0.33  0.06 | heuristic
35735 091 0.13 | dBGEM atocida.faste
nematocida.fasta 39134 23 ‘ o GRSt 8750 846
30249 0.77  0.10 | heuristic
10353 0.44  0.08 | dABGEM | | stachybotris.fast:
stachybotris.fasta 23348 i ‘ R et bt 2160 896
7669 0.33  0.05 | heuristic




Input file Initial size ~Opt Tunneled size Size ratio Time | Strategy
10) 0.56 0.10 ILPR

S - 18 10 12 0.67 0.10 | dBGEM
10 0.56 0.001 | heuristic

622 0.21 880 ILPR

e 3019 1881 0.62 0.06 | dBGEM
1306 0.43 0.01 | heuristic

5019 0.98 0.36 ILPR

Srotatifasta 5109 5019 5076 0.99 0.06 | dBGEM
4753 0.93 0.02 | heuristic

9050 0.87 1111 ILPR

zine_fingers.fa 10345 9031 10029 0.97 0.10 | dBGEM
) 8724 0.84 0.03 | heuristic
29796 0.88 7.5 hours ILPR

badleiphagetain 34041 29796 33343 0.98 0.10 | dBGEM
28965 0.85 0.10 | heuristic

5569 0.81 730 ILPR

S-cereale fasta 6837 5567 6288 0.92 0.06 | dBGEM
R 0359 0.78 0.02 | heuristic
2370 0.64 520 ILPR

. 3693 1678 3518 0.95 0.06 | dBGEM
’ ' 2979 0.81 0.01 | heuristic

4431 0.22 15 hours ILPR

chrom21 _rep.fasta 20001 2166 o022 0.25 0.06 | dBGEM
' ’ 4294 0.21 0.04 | heuristic




