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Problem (Pattern Matching)

Find all occurrences of a pattern P in a text T

Popular solution: find the interval of the suffix array (SA) that contains them
® Binary search using SA and text, or
e Backward search on the Burrows-Wheeler Transform of T (FM-index)

® Lots of compressed versions of the SA

- Problem then becomes: how do we decompress the interval’s contents?”



Previous Work

e LCSA (Gonzalez, Navarro, Ferrada, Journal of Experimental Algorithmics
2014)

- uses similar ideas as rlzsa but with RePair grammar compression, wasn’t
compared to r-index before

e r-index (Gagie et al., SODA 2018)

- recent, very fast, very small — a huge leap forward in compressed indexing

@ rlzsa: RLZ compression (Puglisi and Zhukova, SPIRE 2020)

- significantly faster than r-index, takes more space



Our Contribution

e Better reference selection
- 1in previous work good results with randomly generated references

- here — a deterministic method based on kmer frequencies

e Compact representation of index components



Core Idea

SA‘ 30 | 25 | 20 | 15 | 10 | 5 29 124119 (14 |9

repetitions that are off by 1 (Méakinen, CPM 2000)

differences will turn into actual repetitions (Gonzalez, Navarro, CPM 2007)



Overview of the Algorithm

Compression:
1. form differentially encoded SA%// from SA
2. form reference R by selecting substrings from SA%//

3. use Relative Lempel-Ziv (RLZ) to parse SA%// relative to R

4. output reference R plus set of phrases (pointers into R)

Decompression requires:

1. predecessor data structure containing phrase starting positions (in order
to find the phrase covering the start of an interval)

2. absolute S A value for a starting position of the phrase
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Example

I

- predecessor structure to find the phrase that contains the start of the SA

phrases -

interval



FExample

I

- predecessor structure to find the phrase that contains the start of the SA

phrases -

interval

value[i] — P[i]’ if phraseLength[i] — 1
- reference| Pli|| + prevSaValue —n, otherwise
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segments



Reference (Generation

k-mers

= sl

\ 

segments

score(seg;) = (Zpcseq, f(x)P)H/P



Reference (Generation

k-mers

= sl

\ 

segments

score(segi) = (Speseq: f(2)P) /P

- take the segment with the highest score, save its starting position
- for each k-mer from the chosen segment, reduce scores for all segments by
corresponding k-mer frequency

- repeat until requested reference size is met

- sort starting positions, and write corresponding segments to the reference



(dNTe ‘28 ‘9607
(dINT¢ 3 '960%)
(anre g1 ‘960%)
(damee g ‘960%)
(amre g ‘960%)
(d6°z g ‘960%)
(e 5 ‘9607 )

B predecessor
B phrases

EEE ref

(dNTg ‘ge '870z)
(ANTe ‘5z ‘gpog)
(AINTe ‘91 ‘gpog)
(amrg g ‘8F07)
(dNT'e b ‘gpog)

(ANTe ‘28 pgr)
(ANTE 5z pg07)
(anre g1 F201)
(dNTe g z07)
(arg 5 T20T)

Am:\/:m ‘qe “NH;@V
(AT 9z 10)
(dnT°e ‘o1 10)
(dNTe 3 7 10)
(Enre 4 Z10)

(4T 2 ggp)
Am:\/:.m Ve ﬁbmmv
(AT ‘o1 ‘9gz)
(GINT°g g ‘9gz)
(ENTE § “geg)

einstein, rlzsa with succinct components

x 108

(g '2L0¢)pure:

(dnTg ge '960%)
(ANTE 5z ‘gg0y)
(ANTE 91 960p)
(d1ve°e ‘g ‘9607
(amre g ‘960%)
a6z ‘g 960%)
(dNT°e b “gg07)

(ANTe ‘zg ‘gpog)
(ANTe ‘3z ‘gpog)
(ANTE ‘91 ‘gpog)
(AT 3 “gpqp)
(aTe % '8707)

(amrg ze T20T)
(daNTg 5z T2oT)
(dINT°g ‘g7 T2oT)
(dITg g Y201)
(aWTe Y201)

(anre zg zre)
(anTe 7 z1c)
(dnTe ‘o1 10)
(anre g 7
(amr-g Y 210)

(dNT'e Zg e
(NT'e bz ‘g
(aNT°g ‘o1 ‘9gp)
(dNT°E g “geg)
(ENTE 5 “geg)

einstelin, rlzsa with byte-aligned components

x 108
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5

Affect of (s,k) on Overall Index Size



xperiment

We compared our prototypes (rlzsa and rlzsa-sdsl) to other compressed indexes, replicating the experimental
design used in the r-index paper (Gagie, Navarro, and Prezza, SODA 2018)
Datasets:

® boost — concatenated versions of GitHub’s boost library — 600Mbyte

® DNA — concatenated copies of a DNA sequence of length 1000 with mutations — 600 Mbyte

® cinstein — concatenated versions of Wikipedia’s Einstein page — 600 Mbyte

e world — pdf files of CIA World Leaders from Jan 2003 to Dec 2009 — 45Mbyte

Search queries:
e 1000 patterns

® length = &
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Affect of Interval Size on Extraction Time
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Future Work

e Apply it to
- document (D) array (currently in submission)

_ ISA. LCP

® Best of both worlds?
- Is there a way to derive a hybrid of the r-index and rlzsa?

(we think, yes)

e Automatic choice of parameters (k, s, ref)



Thank you!



