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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 

• 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
• LCSA (González, Navarro, Ferrada, Journal of Experimental Algorithmics 

2014) 

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

• 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

• Better reference selection 

- in previous work good results with randomly generated references 

- here — a deterministic method based on k-mer frequencies 

• Compact representation of index components



Core Idea

repetitions that are off by 1 (Mäkinen, CPM 2000) 
differences will turn into actual repetitions (González, Navarro, CPM 2007)

SA 30 25 20 15 10 5 29 24 19 14 9



Overview of the Algorithm
<latexit sha1_base64="H6CikzwyLM/OX60bmpcxem0wnqQ="></latexit>

Compression:

1. form di↵erentially encoded SAdiff from SA

2. form reference R by selecting substrings from SAdiff

3. use Relative Lempel-Ziv (RLZ) to parse SAdiff 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 SA value for a starting position of the phrase



Example

i 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
T k o k k o k o k o o k o k o k o k k o k o k o o n $

SA 29 16 11 5 22 2 19 14 3 20 0 17 12 6 23 8 25 28 15 10 4 21 1 18 13 7 24 27 9 26

SAd 29 17 25 24 47 10 47 25 19 47 10 47 25 24 47 15 47 33 17 25 24 47 10 47 25 24 47 33 12 47

reference 47 33 17 25 24 47 10 47 25 24

phrases 29 2 3 5 23 8 0 24 1 9 0 - 0 1 8 9 14 15 16 26 27 28 29 30
| {z } | {z }

P S

<latexit sha1_base64="S+v3zgJfqv22YiNncThE6OSONik="></latexit>

SA[x, y] preceded by symbol c )
9SA[x0, x0 + (y � x)] :

8i 2 [0, y � x] SA[x+ i] = SA[x0 + i] + 1

<latexit sha1_base64="D+a1nzRNsOhZYBGK58kdqzaIek8=">AAACBXicbVDLTgIxFL2DL8QX6tJNI5i4IjMkRpdENy4xyiOBCemUDjR0HmnvGMiEtSu3+hXujFu/w4/wHywwCwVP0uTknHvb0+PFUmi07S8rt7a+sbmV3y7s7O7tHxQPj5o6ShTjDRbJSLU9qrkUIW+gQMnbseI08CRveaObmd965EqLKHzASczdgA5C4QtG0Uj35XG5VyzZFXsOskqcjJQgQ71X/O72I5YEPEQmqdYdx47RTalCwSSfFrqJ5jFlIzrgHUNDGnDtpvOoU3JmlD7xI2VOiGSu/t5IaaD1JPDMZEBxqJe9mfif10nQv3JTEcYJ8pAtHvITSTAis3+TvlCcoZwYQpkSJithQ6ooQ9POn5uQmvLcdLxIXDD9OMttrJJmteJcVOy7aql2nTWVhxM4hXNw4BJqcAt1aACDATzDC7xaT9ab9W59LEZzVrZzDH9gff4A3UaYyg==</latexit>x
<latexit sha1_base64="LsFCWkZgTxbAxq+nlLkfnhMW/SU=">AAACDHicbVDLTgIxFO3gC/GFunTTCCauyAyJ0SXRjUtM5BFhJJ1SoKHtTNo7BjLhF1y51a9wZ9z6D36E/2CBWQh4kiYn59zbnp4gEtyA6347mbX1jc2t7HZuZ3dv/yB/eFQ3Yawpq9FQhLoZEMMEV6wGHARrRpoRGQjWCIY3U7/xxLThobqHccR8SfqK9zglYKWH4uixHWkuWbGTL7gldwa8SryUFFCKaif/0+6GNJZMARXEmJbnRuAnRAOngk1y7diwiNAh6bOWpYpIZvxklniCz6zSxb1Q26MAz9S/GwmRxoxlYCclgYFZ9qbif14rht6Vn3AVxcAUnT/UiwWGEE+/j7tcMwpibAmhmtusmA6IJhRsSQs3AbEd+slonjhn+/GW21gl9XLJuyi5d+VC5TptKotO0Ck6Rx66RBV0i6qohihS6AW9ojfn2Xl3PpzP+WjGSXeO0QKcr1+K2Jvn</latexit>

x0

<latexit sha1_base64="r6WKy7noic3RtWG8C+kao7v8shs="></latexit>

(González and Navarro, CPM 2007)
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SA 29 16 11 5 22 2 19 14 3 20 0 17 12 6 23 8 25 28 15 10 4 21 1 18 13 7 24 27 9 26

SAdiff 29 17 25 24 47 10 47 25 19 47 10 47 25 24 47 15 47 33 17 25 24 47 10 47 25 24 47 33 12 47

reference 47 33 17 25 24 47 10 47 25 24

phrases 29 2 3 5 23 8 0 24 1 9 0 - 0 1 8 9 14 15 16 26 27 28 29 30
| {z } | {z }

P S

<latexit sha1_base64="5oEp52MoBGJXSMgjmPsQjdWJ6qM="></latexit>

i 2 [1, n� 1] SAdiff [i] = SA[i]� SA[i� 1] + n
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Example

<latexit sha1_base64="U5nwGTnOiES8eROBtpAFDRCK41g=">AAACGHicbZDLSgMxFIYzXmu9Vbt0EyyCG8uMILosunFZwbZCO5RMeqYNZpIhOSPWoS/ixq2+hTtx686X8BlMLwu1/hD4+c8lhy9KpbDo+5/ewuLS8spqYa24vrG5tV3a2W1anRkODa6lNjcRsyCFggYKlHCTGmBJJKEV3V6M6607MFZodY3DFMKE9ZWIBWfoom6p/ABGH0lQfRzQmHHUxnZLFb/qT0TnTTAzFTJTvVv66vQ0zxJQyCWzth34KYY5Myi4hFGxk1lIGb9lfWg7q1gCNswnx4/ogUt6NNbGPYV0kv6cyFli7TCJXGfCcGD/1sbhf7V2hvFZmAuVZgiKTz+KM0lR0zEJ2hMGOMqhM4wb4W6lfMCMY+B4/dqEzOEM8/vpxcWiAxT8xTFvmsfV4KTqXx1XauczVAWyR/bJIQnIKamRS1InDcLJkDyRZ/LiPXqv3pv3Pm1d8GYzZfJL3sc3dQmgbA==</latexit>

zero-length factors

<latexit sha1_base64="GRtUv68Uw0KYAFSLGkCFMoFlfv4=">AAACGHicbVDLSgMxFM3UV62v0S7dBIvgqswURJdFNy4r2Ae0Q8mkmTY0jyHJiMPQH3HjVv/Cnbh150/4DWbaWdjWA4HDOffeHE4YM6qN5307pY3Nre2d8m5lb//g8Mg9PulomShM2lgyqXoh0oRRQdqGGkZ6sSKIh4x0w+lt7ncfidJUigeTxiTgaCxoRDEyVhq6VU41RwZPqBhDnfJQMj10a17dmwOuE78gNVCgNXR/BiOJE06EwQxp3fe92AQZUoZiRmaVQaJJjPAUjUnfUoE40UE2Dz+D51YZwUgq+4SBc/XvRoa4zoPZSRt0ole9XPzP6ycmug4yKuLEEIEXH0UJg0bCvAk4oopgw1JLEFbUZoV4ghTCxva1dMkgW2eQPS0SVyq2IH+1jnXSadT9y7p336g1b4qqyuAUnIEL4IMr0AR3oAXaAIMUvIBX8OY8O+/Oh/O5GC05xU4VLMH5+gXZQ6Co</latexit>

mismatching symbols

<latexit sha1_base64="a2FW/4O73l34BF7dFRFSmyBjK/s=">AAACD3icbZDLSgMxFIbPeK31VnXpJlgEV2WmILosunFZwV6gHUomzdTQTDIkZ8Qy9CHcuNW3cCdufQRfwmcwvSy09YfAz38uOXxRKoVF3//yVlbX1jc2C1vF7Z3dvf3SwWHT6sww3mBaatOOqOVSKN5AgZK3U8NpEkneiobXk3rrgRsrtLrDUcrDhA6UiAWj6KKu1GpAYspQG9srlf2KPxVZNsHclGGueq/03e1rliVcIZPU2k7gpxjm1KBgko+L3czylLIhHfCOs4om3Ib59OYxOXVJn8TauKeQTNPfEzlNrB0lketMKN7bxdok/K/WyTC+DHOh0gy5YrOP4kwS1GQCgPSF4QzlyBnKjHC3EnZPjWPgMP3ZhNRRDPPH2cXFogMULOJYNs1qJTiv+LfVcu1qjqoAx3ACZxDABdTgBurQAAYpPMMLvHpP3pv37n3MWle8+cwR/JH3+QNVWp02</latexit>

long factors

29 17 25 24 47 10 47 25 3 47 10 47 25 24 23 8 47 33 17 25 24 47 10 47 25 24 24 33 9 47

phrases 29 2 3 5 23 8 0 24 1 9 0 - 0 1 8 9 14 15 16 26 27 28 29 30
| {z } | {z }

P S



Example

<latexit sha1_base64="peTUTkLKwis+AbX0/sNrOK+yAZg=">AAACCnicbVDLSgMxFL3js9ZX1aWbYBFclZmC6LLoxmUF+4B2KJk004ZmMkNyRyxD/8CNW/0Ld+LWn/An/AbTdha29UDgcM49yc0JEikMuu63s7a+sbm1Xdgp7u7tHxyWjo6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXJtRKwecJxwP6IDJULBKFqplQy1DZteqexW3BnIKvFyUoYc9V7pp9uPWRpxhUxSYzqem6CfUY2CST4pdlPDE8pGdMA7lioaceNns3Un5NwqfRLG2h6FZKb+TWQ0MmYcBXYyojg0y95U/M/rpBhe+5lQSYpcsflDYSoJxmT6d9IXmjOUY0so08LuStiQasrQNrRwE1JboJ89zTcuFm1B3nIdq6RZrXiXFfe+Wq7d5FUV4BTO4AI8uIIa3EEdGsBgBC/wCm/Os/PufDif89E1J8+cwAKcr1+fu5s4</latexit>

phrases



Example

<latexit sha1_base64="peTUTkLKwis+AbX0/sNrOK+yAZg=">AAACCnicbVDLSgMxFL3js9ZX1aWbYBFclZmC6LLoxmUF+4B2KJk004ZmMkNyRyxD/8CNW/0Ld+LWn/An/AbTdha29UDgcM49yc0JEikMuu63s7a+sbm1Xdgp7u7tHxyWjo6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXJtRKwecJxwP6IDJULBKFqplQy1DZteqexW3BnIKvFyUoYc9V7pp9uPWRpxhUxSYzqem6CfUY2CST4pdlPDE8pGdMA7lioaceNns3Un5NwqfRLG2h6FZKb+TWQ0MmYcBXYyojg0y95U/M/rpBhe+5lQSYpcsflDYSoJxmT6d9IXmjOUY0so08LuStiQasrQNrRwE1JboJ89zTcuFm1B3nIdq6RZrXiXFfe+Wq7d5FUV4BTO4AI8uIIa3EEdGsBgBC/wCm/Os/PufDif89E1J8+cwAKcr1+fu5s4</latexit>

phrases



Example

<latexit sha1_base64="peTUTkLKwis+AbX0/sNrOK+yAZg=">AAACCnicbVDLSgMxFL3js9ZX1aWbYBFclZmC6LLoxmUF+4B2KJk004ZmMkNyRyxD/8CNW/0Ld+LWn/An/AbTdha29UDgcM49yc0JEikMuu63s7a+sbm1Xdgp7u7tHxyWjo6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXJtRKwecJxwP6IDJULBKFqplQy1DZteqexW3BnIKvFyUoYc9V7pp9uPWRpxhUxSYzqem6CfUY2CST4pdlPDE8pGdMA7lioaceNns3Un5NwqfRLG2h6FZKb+TWQ0MmYcBXYyojg0y95U/M/rpBhe+5lQSYpcsflDYSoJxmT6d9IXmjOUY0so08LuStiQasrQNrRwE1JboJ89zTcuFm1B3nIdq6RZrXiXFfe+Wq7d5FUV4BTO4AI8uIIa3EEdGsBgBC/wCm/Os/PufDif89E1J8+cwAKcr1+fu5s4</latexit>

phrases



Example

<latexit sha1_base64="peTUTkLKwis+AbX0/sNrOK+yAZg=">AAACCnicbVDLSgMxFL3js9ZX1aWbYBFclZmC6LLoxmUF+4B2KJk004ZmMkNyRyxD/8CNW/0Ld+LWn/An/AbTdha29UDgcM49yc0JEikMuu63s7a+sbm1Xdgp7u7tHxyWjo6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXJtRKwecJxwP6IDJULBKFqplQy1DZteqexW3BnIKvFyUoYc9V7pp9uPWRpxhUxSYzqem6CfUY2CST4pdlPDE8pGdMA7lioaceNns3Un5NwqfRLG2h6FZKb+TWQ0MmYcBXYyojg0y95U/M/rpBhe+5lQSYpcsflDYSoJxmT6d9IXmjOUY0so08LuStiQasrQNrRwE1JboJ89zTcuFm1B3nIdq6RZrXiXFfe+Wq7d5FUV4BTO4AI8uIIa3EEdGsBgBC/wCm/Os/PufDif89E1J8+cwAKcr1+fu5s4</latexit>

phrases



Example

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

- v

<latexit sha1_base64="peTUTkLKwis+AbX0/sNrOK+yAZg=">AAACCnicbVDLSgMxFL3js9ZX1aWbYBFclZmC6LLoxmUF+4B2KJk004ZmMkNyRyxD/8CNW/0Ld+LWn/An/AbTdha29UDgcM49yc0JEikMuu63s7a+sbm1Xdgp7u7tHxyWjo6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXJtRKwecJxwP6IDJULBKFqplQy1DZteqexW3BnIKvFyUoYc9V7pp9uPWRpxhUxSYzqem6CfUY2CST4pdlPDE8pGdMA7lioaceNns3Un5NwqfRLG2h6FZKb+TWQ0MmYcBXYyojg0y95U/M/rpBhe+5lQSYpcsflDYSoJxmT6d9IXmjOUY0so08LuStiQasrQNrRwE1JboJ89zTcuFm1B3nIdq6RZrXiXFfe+Wq7d5FUV4BTO4AI8uIIa3EEdGsBgBC/wCm/Os/PufDif89E1J8+cwAKcr1+fu5s4</latexit>

phrases



Example

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

- 

<latexit sha1_base64="peTUTkLKwis+AbX0/sNrOK+yAZg=">AAACCnicbVDLSgMxFL3js9ZX1aWbYBFclZmC6LLoxmUF+4B2KJk004ZmMkNyRyxD/8CNW/0Ld+LWn/An/AbTdha29UDgcM49yc0JEikMuu63s7a+sbm1Xdgp7u7tHxyWjo6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXJtRKwecJxwP6IDJULBKFqplQy1DZteqexW3BnIKvFyUoYc9V7pp9uPWRpxhUxSYzqem6CfUY2CST4pdlPDE8pGdMA7lioaceNns3Un5NwqfRLG2h6FZKb+TWQ0MmYcBXYyojg0y95U/M/rpBhe+5lQSYpcsflDYSoJxmT6d9IXmjOUY0so08LuStiQasrQNrRwE1JboJ89zTcuFm1B3nIdq6RZrXiXFfe+Wq7d5FUV4BTO4AI8uIIa3EEdGsBgBC/wCm/Os/PufDif89E1J8+cwAKcr1+fu5s4</latexit>

phrases

<latexit sha1_base64="rfEQxhsUMYojg+yVbOC7PntbqYw="></latexit>

value[i] =

(
P [i], if phraseLength[i] = 1

reference[P [i] ] + prevSaV alue� n, otherwise



Reference Generation

<latexit sha1_base64="+qxnKWCnPEvP1spw4+y6NautVxU=">AAACCnicbVC7TsMwFL3hWcqrwMhiUSExVUkHYKxgYSwSfUhtVDnuTWvVcSLbQVRR/4CJFb6CDbHyE3wE/4DbZqAtR7J0dM499vUJEsG1cd1vZ219Y3Nru7BT3N3bPzgsHR03dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LBjBP0IzqQPOSMGiu1NQ4ilEb3SmW34s5AVomXkzLkqPdKP91+zNJpmAmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+b7Tsh51bpkzBW9khDZurfREYjrcdRYCcjaoZ62ZuK/3md1ITXfsZlkhqUbP5QmApiYjL9POlzhcyIsSWUKW53JWxIFWXGVrRwk6G2QT97mm9ctP14y22skma14l1W3PtquXaTN1WAUziDC/DgCmpwB3VoAAMBL/AKb86z8+58OJ/z0TUnz5zAApyvX+0bm6M=</latexit>

segments

<latexit sha1_base64="Aqum60ysqzNiPlXYibZJ41gblng=">AAACBXicbVDLTgIxFL2DL8QX6tJNI5i4IjMs1CXRjUuM8khgQjqlAw2dR9o7RjJh7cqtfoU749bv8CP8BwvMQsCTNDk559729HixFBpt+9vKra1vbG7ltws7u3v7B8XDo6aOEsV4g0UyUm2Pai5FyBsoUPJ2rDgNPMlb3uhm6rceudIiCh9wHHM3oINQ+IJRNNJ9WZd7xZJdsWcgq8TJSAky1HvFn24/YknAQ2SSat1x7BjdlCoUTPJJoZtoHlM2ogPeMTSkAdduOos6IWdG6RM/UuaESGbq342UBlqPA89MBhSHetmbiv95nQT9KzcVYZwgD9n8IT+RBCMy/TfpC8UZyrEhlClhshI2pIoyNO0s3ITUlOemT/PEBdOPs9zGKmlWK85Fxb6rlmrXWVN5OIFTOAcHLqEGt1CHBjAYwAu8wpv1bL1bH9bnfDRnZTvHsADr6xfVepjG</latexit>s <latexit sha1_base64="Aqum60ysqzNiPlXYibZJ41gblng=">AAACBXicbVDLTgIxFL2DL8QX6tJNI5i4IjMs1CXRjUuM8khgQjqlAw2dR9o7RjJh7cqtfoU749bv8CP8BwvMQsCTNDk559729HixFBpt+9vKra1vbG7ltws7u3v7B8XDo6aOEsV4g0UyUm2Pai5FyBsoUPJ2rDgNPMlb3uhm6rceudIiCh9wHHM3oINQ+IJRNNJ9WZd7xZJdsWcgq8TJSAky1HvFn24/YknAQ2SSat1x7BjdlCoUTPJJoZtoHlM2ogPeMTSkAdduOos6IWdG6RM/UuaESGbq342UBlqPA89MBhSHetmbiv95nQT9KzcVYZwgD9n8IT+RBCMy/TfpC8UZyrEhlClhshI2pIoyNO0s3ITUlOemT/PEBdOPs9zGKmlWK85Fxb6rlmrXWVN5OIFTOAcHLqEGt1CHBjAYwAu8wpv1bL1bH9bnfDRnZTvHsADr6xfVepjG</latexit>s <latexit sha1_base64="Aqum60ysqzNiPlXYibZJ41gblng=">AAACBXicbVDLTgIxFL2DL8QX6tJNI5i4IjMs1CXRjUuM8khgQjqlAw2dR9o7RjJh7cqtfoU749bv8CP8BwvMQsCTNDk559729HixFBpt+9vKra1vbG7ltws7u3v7B8XDo6aOEsV4g0UyUm2Pai5FyBsoUPJ2rDgNPMlb3uhm6rceudIiCh9wHHM3oINQ+IJRNNJ9WZd7xZJdsWcgq8TJSAky1HvFn24/YknAQ2SSat1x7BjdlCoUTPJJoZtoHlM2ogPeMTSkAdduOos6IWdG6RM/UuaESGbq342UBlqPA89MBhSHetmbiv95nQT9KzcVYZwgD9n8IT+RBCMy/TfpC8UZyrEhlClhshI2pIoyNO0s3ITUlOemT/PEBdOPs9zGKmlWK85Fxb6rlmrXWVN5OIFTOAcHLqEGt1CHBjAYwAu8wpv1bL1bH9bnfDRnZTvHsADr6xfVepjG</latexit>s <latexit sha1_base64="saBIbRbTQDwxld/FPl1f7hGDUd0=">AAACCXicbVDLTgIxFL3jE/GFunTTCCauyAwLdUl04xITeSQwIZ1ygYZOZ9J2jGTCF7hyq1/hzrj1K/wI/8ECsxDwJE1Ozrm3PT1BLLg2rvvtrK1vbG5t53byu3v7B4eFo+OGjhLFsM4iEalWQDUKLrFuuBHYihXSMBDYDEa3U7/5iErzSD6YcYx+SAeS9zmjxkrNUkcg0aVuoeiW3RnIKvEyUoQMtW7hp9OLWBKiNExQrdueGxs/pcpwJnCS7yQaY8pGdIBtSyUNUfvpLO6EnFulR/qRskcaMlP/bqQ01HocBnYypGaol72p+J/XTkz/2k+5jBODks0f6ieCmIhM/056XCEzYmwJZYrbrIQNqaLM2IYWbjLUFuinT/PEeduPt9zGKmlUyt5l2b2vFKs3WVM5OIUzuAAPrqAKd1CDOjAYwQu8wpvz7Lw7H87nfHTNyXZOYAHO1y+LDZo7</latexit> s
<latexit sha1_base64="WAglLOIMsHQ419IDEf2I8Wh+IKs=">AAACE3icbZDLTsJAFIanXhEvVF26aSQmrkjLQl0S3bjERC4JNGQ6nMKE6bSZOVVJw2O4cqtP4c649QF8CN/BAboQ8E8m+fOfy5x8QSK4Rtf9ttbWNza3tgs7xd29/YOSfXjU1HGqGDRYLGLVDqgGwSU0kKOAdqKARoGAVjC6mdZbD6A0j+U9jhPwIzqQPOSMool6dqnY7cePMlCUQciF6Nllt+LO5KwaLzdlkqves3/MApZGIJEJqnXHcxP0M6qQMwGTYjfVkFA2ogPoGCtpBNrPZodPnDOT9J0wVuZJdGbp34mMRlqPo8B0RhSHerk2Df+rdVIMr/yMyyRFkGz+UZgKB2NnSsHpcwUMxdgYyhQ3tzpsSA0ENKwWNiE1KP3saX5x0fDxlmmsmma14l1U3LtquXadkyqQE3JKzolHLkmN3JI6aRBGUvJCXsmb9Wy9Wx/W57x1zcpnjsmCrK9fWPeedg==</latexit>z }| { <latexit sha1_base64="WAglLOIMsHQ419IDEf2I8Wh+IKs=">AAACE3icbZDLTsJAFIanXhEvVF26aSQmrkjLQl0S3bjERC4JNGQ6nMKE6bSZOVVJw2O4cqtP4c649QF8CN/BAboQ8E8m+fOfy5x8QSK4Rtf9ttbWNza3tgs7xd29/YOSfXjU1HGqGDRYLGLVDqgGwSU0kKOAdqKARoGAVjC6mdZbD6A0j+U9jhPwIzqQPOSMool6dqnY7cePMlCUQciF6Nllt+LO5KwaLzdlkqves3/MApZGIJEJqnXHcxP0M6qQMwGTYjfVkFA2ogPoGCtpBNrPZodPnDOT9J0wVuZJdGbp34mMRlqPo8B0RhSHerk2Df+rdVIMr/yMyyRFkGz+UZgKB2NnSsHpcwUMxdgYyhQ3tzpsSA0ENKwWNiE1KP3saX5x0fDxlmmsmma14l1U3LtquXadkyqQE3JKzolHLkmN3JI6aRBGUvJCXsmb9Wy9Wx/W57x1zcpnjsmCrK9fWPeedg==</latexit>z }| { <latexit sha1_base64="WAglLOIMsHQ419IDEf2I8Wh+IKs=">AAACE3icbZDLTsJAFIanXhEvVF26aSQmrkjLQl0S3bjERC4JNGQ6nMKE6bSZOVVJw2O4cqtP4c649QF8CN/BAboQ8E8m+fOfy5x8QSK4Rtf9ttbWNza3tgs7xd29/YOSfXjU1HGqGDRYLGLVDqgGwSU0kKOAdqKARoGAVjC6mdZbD6A0j+U9jhPwIzqQPOSMool6dqnY7cePMlCUQciF6Nllt+LO5KwaLzdlkqves3/MApZGIJEJqnXHcxP0M6qQMwGTYjfVkFA2ogPoGCtpBNrPZodPnDOT9J0wVuZJdGbp34mMRlqPo8B0RhSHerk2Df+rdVIMr/yMyyRFkGz+UZgKB2NnSsHpcwUMxdgYyhQ3tzpsSA0ENKwWNiE1KP3saX5x0fDxlmmsmma14l1U3LtquXadkyqQE3JKzolHLkmN3JI6aRBGUvJCXsmb9Wy9Wx/W57x1zcpnjsmCrK9fWPeedg==</latexit>z }| { <latexit sha1_base64="WAglLOIMsHQ419IDEf2I8Wh+IKs=">AAACE3icbZDLTsJAFIanXhEvVF26aSQmrkjLQl0S3bjERC4JNGQ6nMKE6bSZOVVJw2O4cqtP4c649QF8CN/BAboQ8E8m+fOfy5x8QSK4Rtf9ttbWNza3tgs7xd29/YOSfXjU1HGqGDRYLGLVDqgGwSU0kKOAdqKARoGAVjC6mdZbD6A0j+U9jhPwIzqQPOSMool6dqnY7cePMlCUQciF6Nllt+LO5KwaLzdlkqves3/MApZGIJEJqnXHcxP0M6qQMwGTYjfVkFA2ogPoGCtpBNrPZodPnDOT9J0wVuZJdGbp34mMRlqPo8B0RhSHerk2Df+rdVIMr/yMyyRFkGz+UZgKB2NnSsHpcwUMxdgYyhQ3tzpsSA0ENKwWNiE1KP3saX5x0fDxlmmsmma14l1U3LtquXadkyqQE3JKzolHLkmN3JI6aRBGUvJCXsmb9Wy9Wx/W57x1zcpnjsmCrK9fWPeedg==</latexit>z }| {



Reference Generation

<latexit sha1_base64="+qxnKWCnPEvP1spw4+y6NautVxU=">AAACCnicbVC7TsMwFL3hWcqrwMhiUSExVUkHYKxgYSwSfUhtVDnuTWvVcSLbQVRR/4CJFb6CDbHyE3wE/4DbZqAtR7J0dM499vUJEsG1cd1vZ219Y3Nru7BT3N3bPzgsHR03dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LBjBP0IzqQPOSMGiu1NQ4ilEb3SmW34s5AVomXkzLkqPdKP91+zNJpmAmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+b7Tsh51bpkzBW9khDZurfREYjrcdRYCcjaoZ62ZuK/3md1ITXfsZlkhqUbP5QmApiYjL9POlzhcyIsSWUKW53JWxIFWXGVrRwk6G2QT97mm9ctP14y22skma14l1W3PtquXaTN1WAUziDC/DgCmpwB3VoAAMBL/AKb86z8+58OJ/z0TUnz5zAApyvX+0bm6M=</latexit>

segments

<latexit sha1_base64="mz0SX8v+zx1wCKowsAT5vCOyBSI=">AAACCnicbVDLTgIxFO3gC/GFunTTCCZuJDMs1CXRjUtM5JHAhHRKBxrazqS9YyQT/sCVW/0Kd8atP+FH+A8WmIWAJ2lycs697ekJYsENuO63k1tb39jcym8Xdnb39g+Kh0dNEyWasgaNRKTbATFMcMUawEGwdqwZkYFgrWB0O/Vbj0wbHqkHGMfMl2SgeMgpASu1y6PyhbR2r1hyK+4MeJV4GSmhDPVe8afbj2gimQIqiDEdz43BT4kGTgWbFLqJYTGhIzJgHUsVkcz46SzvBJ9ZpY/DSNujAM/UvxspkcaMZWAnJYGhWfam4n9eJ4Hw2k+5ihNgis4fChOBIcLTz+M+14yCGFtCqOY2K6ZDogkF28HCTUBsg376NE9csP14y22skma14l1W3PtqqXaTNZVHJ+gUnSMPXaEaukN11EAUCfSCXtGb8+y8Ox/O53w052Q7x2gBztcvmSua1A==</latexit>

k-mers

…

<latexit sha1_base64="7dJ/ugDO59fPLF3qiWb3JgJNhyY="></latexit>

score(segi) = (⌃x2segif(x)
p)1/p



Reference Generation

- 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

<latexit sha1_base64="+qxnKWCnPEvP1spw4+y6NautVxU=">AAACCnicbVC7TsMwFL3hWcqrwMhiUSExVUkHYKxgYSwSfUhtVDnuTWvVcSLbQVRR/4CJFb6CDbHyE3wE/4DbZqAtR7J0dM499vUJEsG1cd1vZ219Y3Nru7BT3N3bPzgsHR03dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LBjBP0IzqQPOSMGiu1NQ4ilEb3SmW34s5AVomXkzLkqPdKP91+zNJpmAmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+b7Tsh51bpkzBW9khDZurfREYjrcdRYCcjaoZ62ZuK/3md1ITXfsZlkhqUbP5QmApiYjL9POlzhcyIsSWUKW53JWxIFWXGVrRwk6G2QT97mm9ctP14y22skma14l1W3PtquXaTN1WAUziDC/DgCmpwB3VoAAMBL/AKb86z8+58OJ/z0TUnz5zAApyvX+0bm6M=</latexit>

segments

<latexit sha1_base64="mz0SX8v+zx1wCKowsAT5vCOyBSI=">AAACCnicbVDLTgIxFO3gC/GFunTTCCZuJDMs1CXRjUtM5JHAhHRKBxrazqS9YyQT/sCVW/0Kd8atP+FH+A8WmIWAJ2lycs697ekJYsENuO63k1tb39jcym8Xdnb39g+Kh0dNEyWasgaNRKTbATFMcMUawEGwdqwZkYFgrWB0O/Vbj0wbHqkHGMfMl2SgeMgpASu1y6PyhbR2r1hyK+4MeJV4GSmhDPVe8afbj2gimQIqiDEdz43BT4kGTgWbFLqJYTGhIzJgHUsVkcz46SzvBJ9ZpY/DSNujAM/UvxspkcaMZWAnJYGhWfam4n9eJ4Hw2k+5ihNgis4fChOBIcLTz+M+14yCGFtCqOY2K6ZDogkF28HCTUBsg376NE9csP14y22skma14l1W3PtqqXaTNZVHJ+gUnSMPXaEaukN11EAUCfSCXtGb8+y8Ox/O53w052Q7x2gBztcvmSua1A==</latexit>

k-mers

…

<latexit sha1_base64="7dJ/ugDO59fPLF3qiWb3JgJNhyY="></latexit>

score(segi) = (⌃x2segif(x)
p)1/p
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◊108 einstein, rlzsa with byte-aligned components
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Experiment

References: 

• boost — 21 samples * 4096 

• DNA — 11377 samples * 2048

• einstein — 2089 samples * 3072 

• world — 498 samples * 4096

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 

• einstein — concatenated versions of Wikipedia’s Einstein page — 600 Mbyte 

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

Search queries: 

• 1000 patterns 

• length = 8



Experimental Results
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Affect of Interval Size on Extraction Time
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Future Work

• 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) 

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



Thank you! 


