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<latexit sha1_base64="P+N8UvQv3sSsBET6T6CB4H5sWlg=">AAAB7nicbVC7SgNBFL0bH4mJj6hlmsEgWEjYDaIpgzaWEcwD4hJmJ7PJkNmZZWZWCEv+wMbGQhFbv8fO37C2cPIoNPHAhcM593LvPUHMmTau++lk1tY3NrO5rXxhe2d3r7h/0NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoORldTv31PlWZS3JpxTP0IDwQLGcHGSm3cS6un1UmvWHYr7gxolXgLUq6Xvi6zhYfvRq/4cdeXJImoMIRjrbueGxs/xcowwukkf5doGmMywgPatVTgiGo/nZ07QcdW6aNQKlvCoJn6eyLFkdbjKLCdETZDvexNxf+8bmLCmp8yESeGCjJfFCYcGYmmv6M+U5QYPrYEE8XsrYgMscLE2ITyNgRv+eVV0qpWvPPK2Y1NowZz5KAER3ACHlxAHa6hAU0gMIJHeIYXJ3aenFfnbd6acRYzh/AHzvsPx7iSLA==</latexit>a2,2

<latexit sha1_base64="66y2AtjFT/8E1dvqYXSWs7z14oo=">AAAB7nicbVC7SgNBFL0bH4mJj6hlmsEgWEjYDaIpgzaWEcwD4hJmJ7PJkJnZZWZWCEv+wMbGQhFbv8fO37C2cPIoNPHAhcM593LvPUHMmTau++lk1tY3NrO5rXxhe2d3r7h/0NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GF1N/fY9VZpF8taMY+oLPJAsZAQbK7VxL/VOq5NesexW3BnQKvEWpFwvfV1mCw/fjV7x464fkURQaQjHWnc9NzZ+ipVhhNNJ/i7RNMZkhAe0a6nEgmo/nZ07QcdW6aMwUrakQTP190SKhdZjEdhOgc1QL3tT8T+vm5iw5qdMxomhkswXhQlHJkLT31GfKUoMH1uCiWL2VkSGWGFibEJ5G4K3/PIqaVUr3nnl7MamUYM5clCCIzgBDy6gDtfQgCYQGMEjPMOLEztPzqvzNm/NOIuZQ/gD5/0HxjGSKw==</latexit>a1,2
<latexit sha1_base64="HhWydesfG+DYBQ0PYRqbaQPKQ6M=">AAAB7nicbVC7SgNBFL3jKzHxEbVMMxgECwm7KpoyaGMZwTwgWcLsZDYZMju7zMwKYckf2NhYKGLr99j5G9YWTh6FJh64cDjnXu69x48F18ZxPtHK6tr6Ria7mctvbe/sFvb2GzpKFGV1GolItXyimeCS1Q03grVixUjoC9b0h9cTv3nPlOaRvDOjmHkh6UsecEqMlZqkm7onZ+NuoeSUnSnwMnHnpFQtfl1l8g/ftW7ho9OLaBIyaaggWrddJzZeSpThVLBxrpNoFhM6JH3WtlSSkGkvnZ47xkdW6eEgUrakwVP190RKQq1HoW87Q2IGetGbiP957cQEFS/lMk4Mk3S2KEgENhGe/I57XDFqxMgSQhW3t2I6IIpQYxPK2RDcxZeXSeO07F6Uz29tGhWYIQtFOIRjcOESqnADNagDhSE8wjO8oBg9oVf0NmtdQfOZA/gD9P4Dx7aSLA==</latexit>a1,3
<latexit sha1_base64="9utWzviGm0IzD5tU+1oAg2jBs/k=">AAAB7nicbVC7SgNBFL0bH4mJj1XLNINBsJCwG0VTBm0sI5gHJEuYncwmQ2Znl5lZISz5AxsbC0Vs/R47f8Pawsmj0MQDFw7n3Mu99/gxZ0o7zqeVWVvf2MzmtvKF7Z3dPXv/oKmiRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3Q99Vv3VCoWiTs9jqkX4oFgASNYG6mFe2nl9GzSs0tO2ZkBrRJ3QUq14tdVtvDwXe/ZH91+RJKQCk04VqrjOrH2Uiw1I5xO8t1E0RiTER7QjqECh1R56ezcCTo2Sh8FkTQlNJqpvydSHCo1Dn3TGWI9VMveVPzP6yQ6qHopE3GiqSDzRUHCkY7Q9HfUZ5ISzceGYCKZuRWRIZaYaJNQ3oTgLr+8SpqVsntRPr81aVRhjhwU4QhOwIVLqMEN1KEBBEbwCM/wYsXWk/Vqvc1bM9Zi5hD+wHr/Ack9ki0=</latexit>a2,3

Attributes

<latexit sha1_base64="nar2kqr2Vf5asfGdY95CtXsoicA=">AAAB7nicbVC7SgNBFL0bH4mJj6hlmsEgWEjYEdGUQRvLCOYByRJmJ7PJkNnZZWZWCEv+wMbGQhFbv8fO37C2cPIoNPHAhcM593LvPX4suDau++lk1tY3NrO5rXxhe2d3r7h/0NRRoihr0EhEqu0TzQSXrGG4EawdK0ZCX7CWP7qe+q17pjSP5J0Zx8wLyUDygFNirNQivRSf4kmvWHYr7gxoleAFKddKX1fZwsN3vVf86PYjmoRMGiqI1h3sxsZLiTKcCjbJdxPNYkJHZMA6lkoSMu2ls3Mn6NgqfRREypY0aKb+nkhJqPU49G1nSMxQL3tT8T+vk5ig6qVcxolhks4XBYlAJkLT31GfK0aNGFtCqOL2VkSHRBFqbEJ5GwJefnmVNM8q+KJyfmvTqMIcOSjBEZwAhkuowQ3UoQEURvAIz/DixM6T8+q8zVszzmLmEP7Aef8BxKySKg==</latexit>a1,1

<latexit sha1_base64="Z3nR7BSJi0sQuqtTnQwUG/O0qWY=">AAAB7nicbVC7SgNBFL0bH4mJj6hlmsEgWEjYDaIpgzaWEcwD4hJmJ7PJkJnZZWZWCEv+wMbGQhFbv8fO37C2cPIoNPHAhcM593LvPUHMmTau++lk1tY3NrO5rXxhe2d3r7h/0NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GF1N/fY9VZpF8taMY+oLPJAsZAQbK7VxL62eepNesexW3BnQKvEWpFwvfV1mCw/fjV7x464fkURQaQjHWnc9NzZ+ipVhhNNJ/i7RNMZkhAe0a6nEgmo/nZ07QcdW6aMwUrakQTP190SKhdZjEdhOgc1QL3tT8T+vm5iw5qdMxomhkswXhQlHJkLT31GfKUoMH1uCiWL2VkSGWGFibEJ5G4K3/PIqaVUr3nnl7MamUYM5clCCIzgBDy6gDtfQgCYQGMEjPMOLEztPzqvzNm/NOIuZQ/gD5/0HxjOSKw==</latexit>a2,1

<latexit sha1_base64="HQKcvehEHU8c+kDf1Ldr5pHNQDU=">AAAB7nicbVC7SgNBFL3rKzHxEbVMMxgECwm7EjRl0MYygnlAsoTZyWwyZHZmmZkVwpI/sLGxUMTW77HzN6wtnDwKTTxw4XDOvdx7TxBzpo3rfjpr6xubW5nsdi6/s7u3Xzg4bGqZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo+up37qnSjMp7sw4pn6EB4KFjGBjpRbupZUzb9IrlNyyOwNaJd6ClGrFr6tM/uG73it8dPuSJBEVhnCsdcdzY+OnWBlGOJ3kuommMSYjPKAdSwWOqPbT2bkTdGKVPgqlsiUMmqm/J1IcaT2OAtsZYTPUy95U/M/rJCas+ikTcWKoIPNFYcKRkWj6O+ozRYnhY0swUczeisgQK0yMTShnQ/CWX14lzfOyd1Gu3No0qjBHFopwDKfgwSXU4Abq0AACI3iEZ3hxYufJeXXe5q1rzmLmCP7Aef8ByUGSLQ==</latexit>a4,1

<latexit sha1_base64="TC5qYLGtmK2p/0gHq8Nc10yrktY=">AAAB7nicbVC7SgNBFL3jKzHxEbVMMxgECwm7KpoyaGMZwTwgWcLsZDYZMju7zMwKYckf2NhYKGLr99j5G9YWTh6FJh64cDjnXu69x48F18ZxPtHK6tr6Ria7mctvbe/sFvb2GzpKFGV1GolItXyimeCS1Q03grVixUjoC9b0h9cTv3nPlOaRvDOjmHkh6UsecEqMlZqkm56duONuoeSUnSnwMnHnpFQtfl1l8g/ftW7ho9OLaBIyaaggWrddJzZeSpThVLBxrpNoFhM6JH3WtlSSkGkvnZ47xkdW6eEgUrakwVP190RKQq1HoW87Q2IGetGbiP957cQEFS/lMk4Mk3S2KEgENhGe/I57XDFqxMgSQhW3t2I6IIpQYxPK2RDcxZeXSeO07F6Uz29tGhWYIQtFOIRjcOESqnADNagDhSE8wjO8oBg9oVf0NmtdQfOZA/gD9P4Dx7qSLA==</latexit>a3,1

<latexit sha1_base64="T2sfFvotIJDaaYB8RGaKMDKruik=">AAAB7nicbVC7SgNBFL3jKzHxEbVMMxgECwm74iNl0MYygnlAsoTZyWwyZHZ2mZkVwpI/sLGxUMTW77HzN6wtnDwKTTxw4XDOvdx7jx8Lro3jfKKV1bX1jUx2M5ff2t7ZLeztN3SUKMrqNBKRavlEM8ElqxtuBGvFipHQF6zpD68nfvOeKc0jeWdGMfNC0pc84JQYKzVJNz0/ccfdQskpO1PgZeLOSala/LrK5B++a93CR6cX0SRk0lBBtG67Tmy8lCjDqWDjXCfRLCZ0SPqsbakkIdNeOj13jI+s0sNBpGxJg6fq74mUhFqPQt92hsQM9KI3Ef/z2okJKl7KZZwYJulsUZAIbCI8+R33uGLUiJElhCpub8V0QBShxiaUsyG4iy8vk8Zp2b0on93aNCowQxaKcAjH4MIlVOEGalAHCkN4hGd4QTF6Qq/obda6guYzB/AH6P0HysiSLg==</latexit>a5,1
<latexit sha1_base64="qWKMRXj2Uw/eapToNRG9d3hde/k=">AAAB7nicbVC7SgNBFL0bH4mJj1XLNINBsJCwG3ykDNpYRjAPSJYwO5lNhszOLjOzQljyBzY2ForY+j12/oa1hZNHoYkHLhzOuZd77/FjzpR2nE8rs7a+sZnNbeUL2zu7e/b+QVNFiSS0QSIeybaPFeVM0IZmmtN2LCkOfU5b/uh66rfuqVQsEnd6HFMvxAPBAkawNlIL99Lz08qkZ5ecsjMDWiXugpRqxa+rbOHhu96zP7r9iCQhFZpwrFTHdWLtpVhqRjid5LuJojEmIzygHUMFDqny0tm5E3RslD4KImlKaDRTf0+kOFRqHPqmM8R6qJa9qfif10l0UPVSJuJEU0Hmi4KEIx2h6e+ozyQlmo8NwUQycysiQywx0SahvAnBXX55lTQrZfeifHZr0qjCHDkowhGcgAuXUIMbqEMDCIzgEZ7hxYqtJ+vVepu3ZqzFzCH8gfX+A8xNki8=</latexit>a5,2

<latexit sha1_base64="pjE6fSAX0o0hpxljyRXX4xEfx8I=">AAAB7nicbVC7SgNBFL0bH4mJj1XLNINBsJCwG4KmDNpYRjAPSJYwO5lNhszOLjOzQljyBzY2ForY+j12/oa1hZNHoYkHLhzOuZd77/FjzpR2nE8rs7G5tZ3N7eQLu3v7B/bhUUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/vh65rfvqVQsEnd6ElMvxEPBAkawNlIb99PqeWXat0tO2ZkDrRN3SUr14tdVtvDw3ejbH71BRJKQCk04VqrrOrH2Uiw1I5xO871E0RiTMR7SrqECh1R56fzcKTo1ygAFkTQlNJqrvydSHCo1CX3TGWI9UqveTPzP6yY6qHkpE3GiqSCLRUHCkY7Q7Hc0YJISzSeGYCKZuRWREZaYaJNQ3oTgrr68TlqVsntRrt6aNGqwQA6KcAJn4MIl1OEGGtAEAmN4hGd4sWLryXq13hatGWs5cwx/YL3/AMrGki4=</latexit>a4,2

<latexit sha1_base64="UJC0q6y69jLX0P7BvQUAOnOOUxY=">AAAB7nicbVC7SgNBFL0bH4mJj1XLNINBsJCwG0VTBm0sI5gHJEuYncwmQ2Znl5lZISz5AxsbC0Vs/R47f8Pawsmj0MQDFw7n3Mu99/gxZ0o7zqeVWVvf2MzmtvKF7Z3dPXv/oKmiRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3Q99Vv3VCoWiTs9jqkX4oFgASNYG6mFe+nZaWXSs0tO2ZkBrRJ3QUq14tdVtvDwXe/ZH91+RJKQCk04VqrjOrH2Uiw1I5xO8t1E0RiTER7QjqECh1R56ezcCTo2Sh8FkTQlNJqpvydSHCo1Dn3TGWI9VMveVPzP6yQ6qHopE3GiqSDzRUHCkY7Q9HfUZ5ISzceGYCKZuRWRIZaYaJNQ3oTgLr+8SpqVsntRPr81aVRhjhwU4QhOwIVLqMEN1KEBBEbwCM/wYsXWk/Vqvc1bM9Zi5hD+wHr/Ack/ki0=</latexit>a3,2

<latexit sha1_base64="P+N8UvQv3sSsBET6T6CB4H5sWlg=">AAAB7nicbVC7SgNBFL0bH4mJj6hlmsEgWEjYDaIpgzaWEcwD4hJmJ7PJkNmZZWZWCEv+wMbGQhFbv8fO37C2cPIoNPHAhcM593LvPUHMmTau++lk1tY3NrO5rXxhe2d3r7h/0NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoORldTv31PlWZS3JpxTP0IDwQLGcHGSm3cS6un1UmvWHYr7gxolXgLUq6Xvi6zhYfvRq/4cdeXJImoMIRjrbueGxs/xcowwukkf5doGmMywgPatVTgiGo/nZ07QcdW6aNQKlvCoJn6eyLFkdbjKLCdETZDvexNxf+8bmLCmp8yESeGCjJfFCYcGYmmv6M+U5QYPrYEE8XsrYgMscLE2ITyNgRv+eVV0qpWvPPK2Y1NowZz5KAER3ACHlxAHa6hAU0gMIJHeIYXJ3aenFfnbd6acRYzh/AHzvsPx7iSLA==</latexit>a2,2

<latexit sha1_base64="66y2AtjFT/8E1dvqYXSWs7z14oo=">AAAB7nicbVC7SgNBFL0bH4mJj6hlmsEgWEjYDaIpgzaWEcwD4hJmJ7PJkJnZZWZWCEv+wMbGQhFbv8fO37C2cPIoNPHAhcM593LvPUHMmTau++lk1tY3NrO5rXxhe2d3r7h/0NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GF1N/fY9VZpF8taMY+oLPJAsZAQbK7VxL/VOq5NesexW3BnQKvEWpFwvfV1mCw/fjV7x464fkURQaQjHWnc9NzZ+ipVhhNNJ/i7RNMZkhAe0a6nEgmo/nZ07QcdW6aMwUrakQTP190SKhdZjEdhOgc1QL3tT8T+vm5iw5qdMxomhkswXhQlHJkLT31GfKUoMH1uCiWL2VkSGWGFibEJ5G4K3/PIqaVUr3nnl7MamUYM5clCCIzgBDy6gDtfQgCYQGMEjPMOLEztPzqvzNm/NOIuZQ/gD5/0HxjGSKw==</latexit>a1,2

<latexit sha1_base64="HhWydesfG+DYBQ0PYRqbaQPKQ6M=">AAAB7nicbVC7SgNBFL3jKzHxEbVMMxgECwm7KpoyaGMZwTwgWcLsZDYZMju7zMwKYckf2NhYKGLr99j5G9YWTh6FJh64cDjnXu69x48F18ZxPtHK6tr6Ria7mctvbe/sFvb2GzpKFGV1GolItXyimeCS1Q03grVixUjoC9b0h9cTv3nPlOaRvDOjmHkh6UsecEqMlZqkm7onZ+NuoeSUnSnwMnHnpFQtfl1l8g/ftW7ho9OLaBIyaaggWrddJzZeSpThVLBxrpNoFhM6JH3WtlSSkGkvnZ47xkdW6eEgUrakwVP190RKQq1HoW87Q2IGetGbiP957cQEFS/lMk4Mk3S2KEgENhGe/I57XDFqxMgSQhW3t2I6IIpQYxPK2RDcxZeXSeO07F6Uz29tGhWYIQtFOIRjcOESqnADNagDhSE8wjO8oBg9oVf0NmtdQfOZA/gD9P4Dx7aSLA==</latexit>a1,3

<latexit sha1_base64="9utWzviGm0IzD5tU+1oAg2jBs/k=">AAAB7nicbVC7SgNBFL0bH4mJj1XLNINBsJCwG0VTBm0sI5gHJEuYncwmQ2Znl5lZISz5AxsbC0Vs/R47f8Pawsmj0MQDFw7n3Mu99/gxZ0o7zqeVWVvf2MzmtvKF7Z3dPXv/oKmiRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3Q99Vv3VCoWiTs9jqkX4oFgASNYG6mFe2nl9GzSs0tO2ZkBrRJ3QUq14tdVtvDwXe/ZH91+RJKQCk04VqrjOrH2Uiw1I5xO8t1E0RiTER7QjqECh1R56ezcCTo2Sh8FkTQlNJqpvydSHCo1Dn3TGWI9VMveVPzP6yQ6qHopE3GiqSDzRUHCkY7Q9HfUZ5ISzceGYCKZuRWRIZaYaJNQ3oTgLr+8SpqVsntRPr81aVRhjhwU4QhOwIVLqMEN1KEBBEbwCM/wYsXWk/Vqvc1bM9Zi5hD+wHr/Ack9ki0=</latexit>a2,3

<latexit sha1_base64="NtB909QBEAKKxsy4u8OKmkGTnoU=">AAAB6nicbVDLSgNBEOz1GVejUY9eBkPAU9gV0RwDgnjwENE8IFnC7GQ2GTIzu8zMCmHJJ3jxoIhX8UP8BG/+jZPHQRMLGoqqbrq7woQzbTzv21lZXVvf2Mxtuds7+d29wv5BQ8epIrROYh6rVog15UzSumGG01aiKBYhp81weDnxmw9UaRbLezNKaCBwX7KIEWysdHfT9buFolf2pkDLxJ+TYjX/mZau3I9at/DV6cUkFVQawrHWbd9LTJBhZRjhdOx2Uk0TTIa4T9uWSiyoDrLpqWNUskoPRbGyJQ2aqr8nMiy0HonQdgpsBnrRm4j/ee3URJUgYzJJDZVktihKOTIxmvyNekxRYvjIEkwUs7ciMsAKE2PTcW0I/uLLy6RxWvbPy2e3No0KzJCDIziGE/DhAqpwDTWoA4E+PMIzvDjceXJenbdZ64oznzmEP3DefwBN/ZAO</latexit>

L1
<latexit sha1_base64="UZIEdhNY54hmutmMifOOhC3gxqE=">AAAB6nicbVBNS8NAEJ3UrxqtVj16WSwFTyUpoj0WBPHgoaL9gDaUzXbTLt1swu5GKKE/wYsHRbyKP8Sf4M1/46btQVsfDDzem2Fmnh9zprTjfFu5tfWNza38tr2zW9jbLx4ctlSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttjy8zv/1ApWKRuNeTmHohHgoWMIK1ke5u+tV+seRUnBnQKnEXpFQvfCblK/uj0S9+9QYRSUIqNOFYqa7rxNpLsdSMcDq1e4miMSZjPKRdQwUOqfLS2alTVDbKAAWRNCU0mqm/J1IcKjUJfdMZYj1Sy14m/ud1Ex3UvJSJONFUkPmiIOFIRyj7Gw2YpETziSGYSGZuRWSEJSbapGObENzll1dJq1pxzytntyaNGsyRh2M4gVNw4QLqcA0NaAKBITzCM7xY3HqyXq23eWvOWswcwR9Y7z9PgZAP</latexit>

L2
<latexit sha1_base64="nQLAL2sFO2jMBZkuNrgNdbOJO1k=">AAAB6nicbVDLSsNAFL2prxqtRl26GSwFVyVR0S4LgrhwUdE+oA1lMp20QyeTMDMRSugnuHGhiFvxQ/wEd/6N08dCWw9cOJxzL/feEyScKe2631ZuZXVtfSO/aW9tF3Z2nb39hopTSWidxDyWrQArypmgdc00p61EUhwFnDaD4eXEbz5QqVgs7vUooX6E+4KFjGBtpLub7mnXKbpldwq0TLw5KVYLn2npyv6odZ2vTi8maUSFJhwr1fbcRPsZlpoRTsd2J1U0wWSI+7RtqMARVX42PXWMSkbpoTCWpoRGU/X3RIYjpUZRYDojrAdq0ZuI/3ntVIcVP2MiSTUVZLYoTDnSMZr8jXpMUqL5yBBMJDO3IjLAEhNt0rFNCN7iy8ukcVL2zstntyaNCsyQh0M4gmPw4AKqcA01qAOBPjzCM7xY3HqyXq23WWvOms8cwB9Y7z9RBZAQ</latexit>

L3

k-mers

<latexit sha1_base64="u88UOqYDq+rsU4GlE3Yf6Y7656Q=">AAAB6nicbVDLSsNAFL2prxqtRl26GSwFVyVR0S6LgrisaB/QhjKZTtqhk0mYmQgl9BPcuFDErfghfoI7/8bpY6GtBy4czrmXe+8JEs6Udt1vK7eyura+kd+0t7YLO7vO3n5DxakktE5iHstWgBXlTNC6ZprTViIpjgJOm8HwauI3H6hULBb3epRQP8J9wUJGsDbS3WX3tOsU3bI7BVom3pwUq4XPtHRtf9S6zlenF5M0okITjpVqe26i/QxLzQinY7uTKppgMsR92jZU4IgqP5ueOkYlo/RQGEtTQqOp+nsiw5FSoygwnRHWA7XoTcT/vHaqw4qfMZGkmgoyWxSmHOkYTf5GPSYp0XxkCCaSmVsRGWCJiTbp2CYEb/HlZdI4KXvn5bNbk0YFZsjDIRzBMXhwAVW4gRrUgUAfHuEZXixuPVmv1tusNWfNZw7gD6z3H0HJkAY=</latexit>

B3 <latexit sha1_base64="itxPvxYCgvzi75hVZu3BvgLIE9E=">AAAB6nicbVDLSsNAFL2prxqtRl26GSwFVyVR0S4rgrisaB/QhjKZTtqhk0mYmQgl9BPcuFDErfghfoI7/8bpY6GtBy4czrmXe+8JEs6Udt1vK7eyura+kd+0t7YLO7vO3n5DxakktE5iHstWgBXlTNC6ZprTViIpjgJOm8HwauI3H6hULBb3epRQP8J9wUJGsDbS3WX3tOsU3bI7BVom3pwUq4XPtHRtf9S6zlenF5M0okITjpVqe26i/QxLzQinY7uTKppgMsR92jZU4IgqP5ueOkYlo/RQGEtTQqOp+nsiw5FSoygwnRHWA7XoTcT/vHaqw4qfMZGkmgoyWxSmHOkYTf5GPSYp0XxkCCaSmVsRGWCJiTbp2CYEb/HlZdI4KXvn5bNbk0YFZsjDIRzBMXhwAVW4gRrUgUAfHuEZXixuPVmv1tusNWfNZw7gD6z3H0BDkAU=</latexit>

A3
<latexit sha1_base64="lPyqKoQK1ZXNT0m61oyEmGCYC/g=">AAAB6nicbVBNS8NAEJ3UrxqtVj16WSwFTyUpoj1WBPFY0X5AG8pmu2mXbjZhdyOU0J/gxYMiXsUf4k/w5r9x0/agrQ8GHu/NMDPPjzlT2nG+rdza+sbmVn7b3tkt7O0XDw5bKkokoU0S8Uh2fKwoZ4I2NdOcdmJJcehz2vbHV5nffqBSsUjc60lMvRAPBQsYwdpId5f9ar9YcirODGiVuAtSqhc+k/K1/dHoF796g4gkIRWacKxU13Vi7aVYakY4ndq9RNEYkzEe0q6hAodUeens1CkqG2WAgkiaEhrN1N8TKQ6VmoS+6QyxHqllLxP/87qJDmpeykScaCrIfFGQcKQjlP2NBkxSovnEEEwkM7ciMsISE23SsU0I7vLLq6RVrbjnlbNbk0YN5sjDMZzAKbhwAXW4gQY0gcAQHuEZXixuPVmv1tu8NWctZo7gD6z3Hz6/kAQ=</latexit>

A2
<latexit sha1_base64="FgTDwJFnWcYbdK803aknYvOYUic=">AAAB6nicbVDLSgNBEOz1GVejUY9eBkPAU9gV0RwjgniMaB6QLGF2MpsMmZldZmaFsOQTvHhQxKv4IX6CN//GyeOgiQUNRVU33V1hwpk2nvftrKyurW9s5rbc7Z387l5h/6Ch41QRWicxj1UrxJpyJmndMMNpK1EUi5DTZji8mvjNB6o0i+W9GSU0ELgvWcQINla6u+z63ULRK3tToGXiz0mxmv9MS9fuR61b+Or0YpIKKg3hWOu27yUmyLAyjHA6djuppgkmQ9ynbUslFlQH2fTUMSpZpYeiWNmSBk3V3xMZFlqPRGg7BTYDvehNxP+8dmqiSpAxmaSGSjJbFKUcmRhN/kY9pigxfGQJJorZWxEZYIWJsem4NgR/8eVl0jgt++fls1ubRgVmyMERHMMJ+HABVbiBGtSBQB8e4RleHO48Oa/O26x1xZnPHMIfOO8/PTuQAw==</latexit>

A1
TAA

TAT

GCT

AGC

GGC

CTT

TTA

<latexit sha1_base64="tGRce0Mx8QDpsy9kCfWu/2w6ev8=">AAAB6nicbVBNS8NAEJ3UrxqtVj16WSwFTyUpoj0WBfFY0X5AG8pmu2mXbjZhdyOU0J/gxYMiXsUf4k/w5r9x0/agrQ8GHu/NMDPPjzlT2nG+rdza+sbmVn7b3tkt7O0XDw5bKkokoU0S8Uh2fKwoZ4I2NdOcdmJJcehz2vbHV5nffqBSsUjc60lMvRAPBQsYwdpId5f9ar9YcirODGiVuAtSqhc+k/K1/dHoF796g4gkIRWacKxU13Vi7aVYakY4ndq9RNEYkzEe0q6hAodUeens1CkqG2WAgkiaEhrN1N8TKQ6VmoS+6QyxHqllLxP/87qJDmpeykScaCrIfFGQcKQjlP2NBkxSovnEEEwkM7ciMsISE23SsU0I7vLLq6RVrbjnlbNbk0YN5sjDMZzAKbhwAXW4gQY0gcAQHuEZXixuPVmv1tu8NWctZo7gD6z3H0BFkAU=</latexit>

B2

General scheme for sparse matrices
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Method

<latexit sha1_base64="t/Kgg5P8aD4bVxOclkzWmi0owL0=">AAAB6nicbVDLSgNBEOz1GVejUY9eBkPAU9gV0RyDgniMaB6QLGF2MpsMmZldZmaFsOQTvHhQxKv4IX6CN//GyeOgiQUNRVU33V1hwpk2nvftrKyurW9s5rbc7Z387l5h/6Ch41QRWicxj1UrxJpyJmndMMNpK1EUi5DTZji8mvjNB6o0i+W9GSU0ELgvWcQINla6u+z63ULRK3tToGXiz0mxmv9MS9fuR61b+Or0YpIKKg3hWOu27yUmyLAyjHA6djuppgkmQ9ynbUslFlQH2fTUMSpZpYeiWNmSBk3V3xMZFlqPRGg7BTYDvehNxP+8dmqiSpAxmaSGSjJbFKUcmRhN/kY9pigxfGQJJorZWxEZYIWJsem4NgR/8eVl0jgt++fls1ubRgVmyMERHMMJ+HABVbiBGtSBQB8e4RleHO48Oa/O26x1xZnPHMIfOO8/PsGQBA==</latexit>

B1

1

1

1 1

1

1

1 1

1 1

1

1

Indicator matrix

(Multi-BRWT)

Arrays of

attributes

<latexit sha1_base64="nar2kqr2Vf5asfGdY95CtXsoicA=">AAAB7nicbVC7SgNBFL0bH4mJj6hlmsEgWEjYEdGUQRvLCOYByRJmJ7PJkNnZZWZWCEv+wMbGQhFbv8fO37C2cPIoNPHAhcM593LvPX4suDau++lk1tY3NrO5rXxhe2d3r7h/0NRRoihr0EhEqu0TzQSXrGG4EawdK0ZCX7CWP7qe+q17pjSP5J0Zx8wLyUDygFNirNQivRSf4kmvWHYr7gxoleAFKddKX1fZwsN3vVf86PYjmoRMGiqI1h3sxsZLiTKcCjbJdxPNYkJHZMA6lkoSMu2ls3Mn6NgqfRREypY0aKb+nkhJqPU49G1nSMxQL3tT8T+vk5ig6qVcxolhks4XBYlAJkLT31GfK0aNGFtCqOL2VkSHRBFqbEJ5GwJefnmVNM8q+KJyfmvTqMIcOSjBEZwAhkuowQ3UoQEURvAIz/DixM6T8+q8zVszzmLmEP7Aef8BxKySKg==</latexit>a1,1
<latexit sha1_base64="Z3nR7BSJi0sQuqtTnQwUG/O0qWY=">AAAB7nicbVC7SgNBFL0bH4mJj6hlmsEgWEjYDaIpgzaWEcwD4hJmJ7PJkJnZZWZWCEv+wMbGQhFbv8fO37C2cPIoNPHAhcM593LvPUHMmTau++lk1tY3NrO5rXxhe2d3r7h/0NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GF1N/fY9VZpF8taMY+oLPJAsZAQbK7VxL62eepNesexW3BnQKvEWpFwvfV1mCw/fjV7x464fkURQaQjHWnc9NzZ+ipVhhNNJ/i7RNMZkhAe0a6nEgmo/nZ07QcdW6aMwUrakQTP190SKhdZjEdhOgc1QL3tT8T+vm5iw5qdMxomhkswXhQlHJkLT31GfKUoMH1uCiWL2VkSGWGFibEJ5G4K3/PIqaVUr3nnl7MamUYM5clCCIzgBDy6gDtfQgCYQGMEjPMOLEztPzqvzNm/NOIuZQ/gD5/0HxjOSKw==</latexit>a2,1

<latexit sha1_base64="HQKcvehEHU8c+kDf1Ldr5pHNQDU=">AAAB7nicbVC7SgNBFL3rKzHxEbVMMxgECwm7EjRl0MYygnlAsoTZyWwyZHZmmZkVwpI/sLGxUMTW77HzN6wtnDwKTTxw4XDOvdx7TxBzpo3rfjpr6xubW5nsdi6/s7u3Xzg4bGqZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo+up37qnSjMp7sw4pn6EB4KFjGBjpRbupZUzb9IrlNyyOwNaJd6ClGrFr6tM/uG73it8dPuSJBEVhnCsdcdzY+OnWBlGOJ3kuommMSYjPKAdSwWOqPbT2bkTdGKVPgqlsiUMmqm/J1IcaT2OAtsZYTPUy95U/M/rJCas+ikTcWKoIPNFYcKRkWj6O+ozRYnhY0swUczeisgQK0yMTShnQ/CWX14lzfOyd1Gu3No0qjBHFopwDKfgwSXU4Abq0AACI3iEZ3hxYufJeXXe5q1rzmLmCP7Aef8ByUGSLQ==</latexit>a4,1

<latexit sha1_base64="TC5qYLGtmK2p/0gHq8Nc10yrktY=">AAAB7nicbVC7SgNBFL3jKzHxEbVMMxgECwm7KpoyaGMZwTwgWcLsZDYZMju7zMwKYckf2NhYKGLr99j5G9YWTh6FJh64cDjnXu69x48F18ZxPtHK6tr6Ria7mctvbe/sFvb2GzpKFGV1GolItXyimeCS1Q03grVixUjoC9b0h9cTv3nPlOaRvDOjmHkh6UsecEqMlZqkm56duONuoeSUnSnwMnHnpFQtfl1l8g/ftW7ho9OLaBIyaaggWrddJzZeSpThVLBxrpNoFhM6JH3WtlSSkGkvnZ47xkdW6eEgUrakwVP190RKQq1HoW87Q2IGetGbiP957cQEFS/lMk4Mk3S2KEgENhGe/I57XDFqxMgSQhW3t2I6IIpQYxPK2RDcxZeXSeO07F6Uz29tGhWYIQtFOIRjcOESqnADNagDhSE8wjO8oBg9oVf0NmtdQfOZA/gD9P4Dx7qSLA==</latexit>a3,1

<latexit sha1_base64="T2sfFvotIJDaaYB8RGaKMDKruik=">AAAB7nicbVC7SgNBFL3jKzHxEbVMMxgECwm74iNl0MYygnlAsoTZyWwyZHZ2mZkVwpI/sLGxUMTW77HzN6wtnDwKTTxw4XDOvdx7jx8Lro3jfKKV1bX1jUx2M5ff2t7ZLeztN3SUKMrqNBKRavlEM8ElqxtuBGvFipHQF6zpD68nfvOeKc0jeWdGMfNC0pc84JQYKzVJNz0/ccfdQskpO1PgZeLOSala/LrK5B++a93CR6cX0SRk0lBBtG67Tmy8lCjDqWDjXCfRLCZ0SPqsbakkIdNeOj13jI+s0sNBpGxJg6fq74mUhFqPQt92hsQM9KI3Ef/z2okJKl7KZZwYJulsUZAIbCI8+R33uGLUiJElhCpub8V0QBShxiaUsyG4iy8vk8Zp2b0on93aNCowQxaKcAjH4MIlVOEGalAHCkN4hGd4QTF6Qq/obda6guYzB/AH6P0HysiSLg==</latexit>a5,1
<latexit sha1_base64="qWKMRXj2Uw/eapToNRG9d3hde/k=">AAAB7nicbVC7SgNBFL0bH4mJj1XLNINBsJCwG3ykDNpYRjAPSJYwO5lNhszOLjOzQljyBzY2ForY+j12/oa1hZNHoYkHLhzOuZd77/FjzpR2nE8rs7a+sZnNbeUL2zu7e/b+QVNFiSS0QSIeybaPFeVM0IZmmtN2LCkOfU5b/uh66rfuqVQsEnd6HFMvxAPBAkawNlIL99Lz08qkZ5ecsjMDWiXugpRqxa+rbOHhu96zP7r9iCQhFZpwrFTHdWLtpVhqRjid5LuJojEmIzygHUMFDqny0tm5E3RslD4KImlKaDRTf0+kOFRqHPqmM8R6qJa9qfif10l0UPVSJuJEU0Hmi4KEIx2h6e+ozyQlmo8NwUQycysiQywx0SahvAnBXX55lTQrZfeifHZr0qjCHDkowhGcgAuXUIMbqEMDCIzgEZ7hxYqtJ+vVepu3ZqzFzCH8gfX+A8xNki8=</latexit>a5,2

<latexit sha1_base64="pjE6fSAX0o0hpxljyRXX4xEfx8I=">AAAB7nicbVC7SgNBFL0bH4mJj1XLNINBsJCwG4KmDNpYRjAPSJYwO5lNhszOLjOzQljyBzY2ForY+j12/oa1hZNHoYkHLhzOuZd77/FjzpR2nE8rs7G5tZ3N7eQLu3v7B/bhUUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/vh65rfvqVQsEnd6ElMvxEPBAkawNlIb99PqeWXat0tO2ZkDrRN3SUr14tdVtvDw3ejbH71BRJKQCk04VqrrOrH2Uiw1I5xO871E0RiTMR7SrqECh1R56fzcKTo1ygAFkTQlNJqrvydSHCo1CX3TGWI9UqveTPzP6yY6qHkpE3GiqSCLRUHCkY7Q7Hc0YJISzSeGYCKZuRWREZaYaJNQ3oTgrr68TlqVsntRrt6aNGqwQA6KcAJn4MIl1OEGGtAEAmN4hGd4sWLryXq13hatGWs5cwx/YL3/AMrGki4=</latexit>a4,2

<latexit sha1_base64="UJC0q6y69jLX0P7BvQUAOnOOUxY=">AAAB7nicbVC7SgNBFL0bH4mJj1XLNINBsJCwG0VTBm0sI5gHJEuYncwmQ2Znl5lZISz5AxsbC0Vs/R47f8Pawsmj0MQDFw7n3Mu99/gxZ0o7zqeVWVvf2MzmtvKF7Z3dPXv/oKmiRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3Q99Vv3VCoWiTs9jqkX4oFgASNYG6mFe+nZaWXSs0tO2ZkBrRJ3QUq14tdVtvDwXe/ZH91+RJKQCk04VqrjOrH2Uiw1I5xO8t1E0RiTER7QjqECh1R56ezcCTo2Sh8FkTQlNJqpvydSHCo1Dn3TGWI9VMveVPzP6yQ6qHopE3GiqSDzRUHCkY7Q9HfUZ5ISzceGYCKZuRWRIZaYaJNQ3oTgLr+8SpqVsntRPr81aVRhjhwU4QhOwIVLqMEN1KEBBEbwCM/wYsXWk/Vqvc1bM9Zi5hD+wHr/Ack/ki0=</latexit>a3,2

<latexit sha1_base64="P+N8UvQv3sSsBET6T6CB4H5sWlg=">AAAB7nicbVC7SgNBFL0bH4mJj6hlmsEgWEjYDaIpgzaWEcwD4hJmJ7PJkNmZZWZWCEv+wMbGQhFbv8fO37C2cPIoNPHAhcM593LvPUHMmTau++lk1tY3NrO5rXxhe2d3r7h/0NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoORldTv31PlWZS3JpxTP0IDwQLGcHGSm3cS6un1UmvWHYr7gxolXgLUq6Xvi6zhYfvRq/4cdeXJImoMIRjrbueGxs/xcowwukkf5doGmMywgPatVTgiGo/nZ07QcdW6aNQKlvCoJn6eyLFkdbjKLCdETZDvexNxf+8bmLCmp8yESeGCjJfFCYcGYmmv6M+U5QYPrYEE8XsrYgMscLE2ITyNgRv+eVV0qpWvPPK2Y1NowZz5KAER3ACHlxAHa6hAU0gMIJHeIYXJ3aenFfnbd6acRYzh/AHzvsPx7iSLA==</latexit>a2,2

<latexit sha1_base64="66y2AtjFT/8E1dvqYXSWs7z14oo=">AAAB7nicbVC7SgNBFL0bH4mJj6hlmsEgWEjYDaIpgzaWEcwD4hJmJ7PJkJnZZWZWCEv+wMbGQhFbv8fO37C2cPIoNPHAhcM593LvPUHMmTau++lk1tY3NrO5rXxhe2d3r7h/0NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GF1N/fY9VZpF8taMY+oLPJAsZAQbK7VxL/VOq5NesexW3BnQKvEWpFwvfV1mCw/fjV7x464fkURQaQjHWnc9NzZ+ipVhhNNJ/i7RNMZkhAe0a6nEgmo/nZ07QcdW6aMwUrakQTP190SKhdZjEdhOgc1QL3tT8T+vm5iw5qdMxomhkswXhQlHJkLT31GfKUoMH1uCiWL2VkSGWGFibEJ5G4K3/PIqaVUr3nnl7MamUYM5clCCIzgBDy6gDtfQgCYQGMEjPMOLEztPzqvzNm/NOIuZQ/gD5/0HxjGSKw==</latexit>a1,2
<latexit sha1_base64="HhWydesfG+DYBQ0PYRqbaQPKQ6M=">AAAB7nicbVC7SgNBFL3jKzHxEbVMMxgECwm7KpoyaGMZwTwgWcLsZDYZMju7zMwKYckf2NhYKGLr99j5G9YWTh6FJh64cDjnXu69x48F18ZxPtHK6tr6Ria7mctvbe/sFvb2GzpKFGV1GolItXyimeCS1Q03grVixUjoC9b0h9cTv3nPlOaRvDOjmHkh6UsecEqMlZqkm7onZ+NuoeSUnSnwMnHnpFQtfl1l8g/ftW7ho9OLaBIyaaggWrddJzZeSpThVLBxrpNoFhM6JH3WtlSSkGkvnZ47xkdW6eEgUrakwVP190RKQq1HoW87Q2IGetGbiP957cQEFS/lMk4Mk3S2KEgENhGe/I57XDFqxMgSQhW3t2I6IIpQYxPK2RDcxZeXSeO07F6Uz29tGhWYIQtFOIRjcOESqnADNagDhSE8wjO8oBg9oVf0NmtdQfOZA/gD9P4Dx7aSLA==</latexit>a1,3
<latexit sha1_base64="9utWzviGm0IzD5tU+1oAg2jBs/k=">AAAB7nicbVC7SgNBFL0bH4mJj1XLNINBsJCwG0VTBm0sI5gHJEuYncwmQ2Znl5lZISz5AxsbC0Vs/R47f8Pawsmj0MQDFw7n3Mu99/gxZ0o7zqeVWVvf2MzmtvKF7Z3dPXv/oKmiRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3Q99Vv3VCoWiTs9jqkX4oFgASNYG6mFe2nl9GzSs0tO2ZkBrRJ3QUq14tdVtvDwXe/ZH91+RJKQCk04VqrjOrH2Uiw1I5xO8t1E0RiTER7QjqECh1R56ezcCTo2Sh8FkTQlNJqpvydSHCo1Dn3TGWI9VMveVPzP6yQ6qHopE3GiqSDzRUHCkY7Q9HfUZ5ISzceGYCKZuRWRIZaYaJNQ3oTgLr+8SpqVsntRPr81aVRhjhwU4QhOwIVLqMEN1KEBBEbwCM/wYsXWk/Vqvc1bM9Zi5hD+wHr/Ack9ki0=</latexit>a2,3

Attributes

<latexit sha1_base64="nar2kqr2Vf5asfGdY95CtXsoicA=">AAAB7nicbVC7SgNBFL0bH4mJj6hlmsEgWEjYEdGUQRvLCOYByRJmJ7PJkNnZZWZWCEv+wMbGQhFbv8fO37C2cPIoNPHAhcM593LvPX4suDau++lk1tY3NrO5rXxhe2d3r7h/0NRRoihr0EhEqu0TzQSXrGG4EawdK0ZCX7CWP7qe+q17pjSP5J0Zx8wLyUDygFNirNQivRSf4kmvWHYr7gxoleAFKddKX1fZwsN3vVf86PYjmoRMGiqI1h3sxsZLiTKcCjbJdxPNYkJHZMA6lkoSMu2ls3Mn6NgqfRREypY0aKb+nkhJqPU49G1nSMxQL3tT8T+vk5ig6qVcxolhks4XBYlAJkLT31GfK0aNGFtCqOL2VkSHRBFqbEJ5GwJefnmVNM8q+KJyfmvTqMIcOSjBEZwAhkuowQ3UoQEURvAIz/DixM6T8+q8zVszzmLmEP7Aef8BxKySKg==</latexit>a1,1

<latexit sha1_base64="Z3nR7BSJi0sQuqtTnQwUG/O0qWY=">AAAB7nicbVC7SgNBFL0bH4mJj6hlmsEgWEjYDaIpgzaWEcwD4hJmJ7PJkJnZZWZWCEv+wMbGQhFbv8fO37C2cPIoNPHAhcM593LvPUHMmTau++lk1tY3NrO5rXxhe2d3r7h/0NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GF1N/fY9VZpF8taMY+oLPJAsZAQbK7VxL62eepNesexW3BnQKvEWpFwvfV1mCw/fjV7x464fkURQaQjHWnc9NzZ+ipVhhNNJ/i7RNMZkhAe0a6nEgmo/nZ07QcdW6aMwUrakQTP190SKhdZjEdhOgc1QL3tT8T+vm5iw5qdMxomhkswXhQlHJkLT31GfKUoMH1uCiWL2VkSGWGFibEJ5G4K3/PIqaVUr3nnl7MamUYM5clCCIzgBDy6gDtfQgCYQGMEjPMOLEztPzqvzNm/NOIuZQ/gD5/0HxjOSKw==</latexit>a2,1

<latexit sha1_base64="HQKcvehEHU8c+kDf1Ldr5pHNQDU=">AAAB7nicbVC7SgNBFL3rKzHxEbVMMxgECwm7EjRl0MYygnlAsoTZyWwyZHZmmZkVwpI/sLGxUMTW77HzN6wtnDwKTTxw4XDOvdx7TxBzpo3rfjpr6xubW5nsdi6/s7u3Xzg4bGqZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo+up37qnSjMp7sw4pn6EB4KFjGBjpRbupZUzb9IrlNyyOwNaJd6ClGrFr6tM/uG73it8dPuSJBEVhnCsdcdzY+OnWBlGOJ3kuommMSYjPKAdSwWOqPbT2bkTdGKVPgqlsiUMmqm/J1IcaT2OAtsZYTPUy95U/M/rJCas+ikTcWKoIPNFYcKRkWj6O+ozRYnhY0swUczeisgQK0yMTShnQ/CWX14lzfOyd1Gu3No0qjBHFopwDKfgwSXU4Abq0AACI3iEZ3hxYufJeXXe5q1rzmLmCP7Aef8ByUGSLQ==</latexit>a4,1

<latexit sha1_base64="TC5qYLGtmK2p/0gHq8Nc10yrktY=">AAAB7nicbVC7SgNBFL3jKzHxEbVMMxgECwm7KpoyaGMZwTwgWcLsZDYZMju7zMwKYckf2NhYKGLr99j5G9YWTh6FJh64cDjnXu69x48F18ZxPtHK6tr6Ria7mctvbe/sFvb2GzpKFGV1GolItXyimeCS1Q03grVixUjoC9b0h9cTv3nPlOaRvDOjmHkh6UsecEqMlZqkm56duONuoeSUnSnwMnHnpFQtfl1l8g/ftW7ho9OLaBIyaaggWrddJzZeSpThVLBxrpNoFhM6JH3WtlSSkGkvnZ47xkdW6eEgUrakwVP190RKQq1HoW87Q2IGetGbiP957cQEFS/lMk4Mk3S2KEgENhGe/I57XDFqxMgSQhW3t2I6IIpQYxPK2RDcxZeXSeO07F6Uz29tGhWYIQtFOIRjcOESqnADNagDhSE8wjO8oBg9oVf0NmtdQfOZA/gD9P4Dx7qSLA==</latexit>a3,1

<latexit sha1_base64="T2sfFvotIJDaaYB8RGaKMDKruik=">AAAB7nicbVC7SgNBFL3jKzHxEbVMMxgECwm74iNl0MYygnlAsoTZyWwyZHZ2mZkVwpI/sLGxUMTW77HzN6wtnDwKTTxw4XDOvdx7jx8Lro3jfKKV1bX1jUx2M5ff2t7ZLeztN3SUKMrqNBKRavlEM8ElqxtuBGvFipHQF6zpD68nfvOeKc0jeWdGMfNC0pc84JQYKzVJNz0/ccfdQskpO1PgZeLOSala/LrK5B++a93CR6cX0SRk0lBBtG67Tmy8lCjDqWDjXCfRLCZ0SPqsbakkIdNeOj13jI+s0sNBpGxJg6fq74mUhFqPQt92hsQM9KI3Ef/z2okJKl7KZZwYJulsUZAIbCI8+R33uGLUiJElhCpub8V0QBShxiaUsyG4iy8vk8Zp2b0on93aNCowQxaKcAjH4MIlVOEGalAHCkN4hGd4QTF6Qq/obda6guYzB/AH6P0HysiSLg==</latexit>a5,1
<latexit sha1_base64="qWKMRXj2Uw/eapToNRG9d3hde/k=">AAAB7nicbVC7SgNBFL0bH4mJj1XLNINBsJCwG3ykDNpYRjAPSJYwO5lNhszOLjOzQljyBzY2ForY+j12/oa1hZNHoYkHLhzOuZd77/FjzpR2nE8rs7a+sZnNbeUL2zu7e/b+QVNFiSS0QSIeybaPFeVM0IZmmtN2LCkOfU5b/uh66rfuqVQsEnd6HFMvxAPBAkawNlIL99Lz08qkZ5ecsjMDWiXugpRqxa+rbOHhu96zP7r9iCQhFZpwrFTHdWLtpVhqRjid5LuJojEmIzygHUMFDqny0tm5E3RslD4KImlKaDRTf0+kOFRqHPqmM8R6qJa9qfif10l0UPVSJuJEU0Hmi4KEIx2h6e+ozyQlmo8NwUQycysiQywx0SahvAnBXX55lTQrZfeifHZr0qjCHDkowhGcgAuXUIMbqEMDCIzgEZ7hxYqtJ+vVepu3ZqzFzCH8gfX+A8xNki8=</latexit>a5,2

<latexit sha1_base64="pjE6fSAX0o0hpxljyRXX4xEfx8I=">AAAB7nicbVC7SgNBFL0bH4mJj1XLNINBsJCwG4KmDNpYRjAPSJYwO5lNhszOLjOzQljyBzY2ForY+j12/oa1hZNHoYkHLhzOuZd77/FjzpR2nE8rs7G5tZ3N7eQLu3v7B/bhUUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/vh65rfvqVQsEnd6ElMvxEPBAkawNlIb99PqeWXat0tO2ZkDrRN3SUr14tdVtvDw3ejbH71BRJKQCk04VqrrOrH2Uiw1I5xO871E0RiTMR7SrqECh1R56fzcKTo1ygAFkTQlNJqrvydSHCo1CX3TGWI9UqveTPzP6yY6qHkpE3GiqSCLRUHCkY7Q7Hc0YJISzSeGYCKZuRWREZaYaJNQ3oTgrr68TlqVsntRrt6aNGqwQA6KcAJn4MIl1OEGGtAEAmN4hGd4sWLryXq13hatGWs5cwx/YL3/AMrGki4=</latexit>a4,2

<latexit sha1_base64="UJC0q6y69jLX0P7BvQUAOnOOUxY=">AAAB7nicbVC7SgNBFL0bH4mJj1XLNINBsJCwG0VTBm0sI5gHJEuYncwmQ2Znl5lZISz5AxsbC0Vs/R47f8Pawsmj0MQDFw7n3Mu99/gxZ0o7zqeVWVvf2MzmtvKF7Z3dPXv/oKmiRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3Q99Vv3VCoWiTs9jqkX4oFgASNYG6mFe+nZaWXSs0tO2ZkBrRJ3QUq14tdVtvDwXe/ZH91+RJKQCk04VqrjOrH2Uiw1I5xO8t1E0RiTER7QjqECh1R56ezcCTo2Sh8FkTQlNJqpvydSHCo1Dn3TGWI9VMveVPzP6yQ6qHopE3GiqSDzRUHCkY7Q9HfUZ5ISzceGYCKZuRWRIZaYaJNQ3oTgLr+8SpqVsntRPr81aVRhjhwU4QhOwIVLqMEN1KEBBEbwCM/wYsXWk/Vqvc1bM9Zi5hD+wHr/Ack/ki0=</latexit>a3,2

<latexit sha1_base64="P+N8UvQv3sSsBET6T6CB4H5sWlg=">AAAB7nicbVC7SgNBFL0bH4mJj6hlmsEgWEjYDaIpgzaWEcwD4hJmJ7PJkNmZZWZWCEv+wMbGQhFbv8fO37C2cPIoNPHAhcM593LvPUHMmTau++lk1tY3NrO5rXxhe2d3r7h/0NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoORldTv31PlWZS3JpxTP0IDwQLGcHGSm3cS6un1UmvWHYr7gxolXgLUq6Xvi6zhYfvRq/4cdeXJImoMIRjrbueGxs/xcowwukkf5doGmMywgPatVTgiGo/nZ07QcdW6aNQKlvCoJn6eyLFkdbjKLCdETZDvexNxf+8bmLCmp8yESeGCjJfFCYcGYmmv6M+U5QYPrYEE8XsrYgMscLE2ITyNgRv+eVV0qpWvPPK2Y1NowZz5KAER3ACHlxAHa6hAU0gMIJHeIYXJ3aenFfnbd6acRYzh/AHzvsPx7iSLA==</latexit>a2,2

<latexit sha1_base64="66y2AtjFT/8E1dvqYXSWs7z14oo=">AAAB7nicbVC7SgNBFL0bH4mJj6hlmsEgWEjYDaIpgzaWEcwD4hJmJ7PJkJnZZWZWCEv+wMbGQhFbv8fO37C2cPIoNPHAhcM593LvPUHMmTau++lk1tY3NrO5rXxhe2d3r7h/0NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GF1N/fY9VZpF8taMY+oLPJAsZAQbK7VxL/VOq5NesexW3BnQKvEWpFwvfV1mCw/fjV7x464fkURQaQjHWnc9NzZ+ipVhhNNJ/i7RNMZkhAe0a6nEgmo/nZ07QcdW6aMwUrakQTP190SKhdZjEdhOgc1QL3tT8T+vm5iw5qdMxomhkswXhQlHJkLT31GfKUoMH1uCiWL2VkSGWGFibEJ5G4K3/PIqaVUr3nnl7MamUYM5clCCIzgBDy6gDtfQgCYQGMEjPMOLEztPzqvzNm/NOIuZQ/gD5/0HxjGSKw==</latexit>a1,2

<latexit sha1_base64="HhWydesfG+DYBQ0PYRqbaQPKQ6M=">AAAB7nicbVC7SgNBFL3jKzHxEbVMMxgECwm7KpoyaGMZwTwgWcLsZDYZMju7zMwKYckf2NhYKGLr99j5G9YWTh6FJh64cDjnXu69x48F18ZxPtHK6tr6Ria7mctvbe/sFvb2GzpKFGV1GolItXyimeCS1Q03grVixUjoC9b0h9cTv3nPlOaRvDOjmHkh6UsecEqMlZqkm7onZ+NuoeSUnSnwMnHnpFQtfl1l8g/ftW7ho9OLaBIyaaggWrddJzZeSpThVLBxrpNoFhM6JH3WtlSSkGkvnZ47xkdW6eEgUrakwVP190RKQq1HoW87Q2IGetGbiP957cQEFS/lMk4Mk3S2KEgENhGe/I57XDFqxMgSQhW3t2I6IIpQYxPK2RDcxZeXSeO07F6Uz29tGhWYIQtFOIRjcOESqnADNagDhSE8wjO8oBg9oVf0NmtdQfOZA/gD9P4Dx7aSLA==</latexit>a1,3

<latexit sha1_base64="9utWzviGm0IzD5tU+1oAg2jBs/k=">AAAB7nicbVC7SgNBFL0bH4mJj1XLNINBsJCwG0VTBm0sI5gHJEuYncwmQ2Znl5lZISz5AxsbC0Vs/R47f8Pawsmj0MQDFw7n3Mu99/gxZ0o7zqeVWVvf2MzmtvKF7Z3dPXv/oKmiRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3Q99Vv3VCoWiTs9jqkX4oFgASNYG6mFe2nl9GzSs0tO2ZkBrRJ3QUq14tdVtvDwXe/ZH91+RJKQCk04VqrjOrH2Uiw1I5xO8t1E0RiTER7QjqECh1R56ezcCTo2Sh8FkTQlNJqpvydSHCo1Dn3TGWI9VMveVPzP6yQ6qHopE3GiqSDzRUHCkY7Q9HfUZ5ISzceGYCKZuRWRIZaYaJNQ3oTgLr+8SpqVsntRPr81aVRhjhwU4QhOwIVLqMEN1KEBBEbwCM/wYsXWk/Vqvc1bM9Zi5hD+wHr/Ack9ki0=</latexit>a2,3

<latexit sha1_base64="NtB909QBEAKKxsy4u8OKmkGTnoU=">AAAB6nicbVDLSgNBEOz1GVejUY9eBkPAU9gV0RwDgnjwENE8IFnC7GQ2GTIzu8zMCmHJJ3jxoIhX8UP8BG/+jZPHQRMLGoqqbrq7woQzbTzv21lZXVvf2Mxtuds7+d29wv5BQ8epIrROYh6rVog15UzSumGG01aiKBYhp81weDnxmw9UaRbLezNKaCBwX7KIEWysdHfT9buFolf2pkDLxJ+TYjX/mZau3I9at/DV6cUkFVQawrHWbd9LTJBhZRjhdOx2Uk0TTIa4T9uWSiyoDrLpqWNUskoPRbGyJQ2aqr8nMiy0HonQdgpsBnrRm4j/ee3URJUgYzJJDZVktihKOTIxmvyNekxRYvjIEkwUs7ciMsAKE2PTcW0I/uLLy6RxWvbPy2e3No0KzJCDIziGE/DhAqpwDTWoA4E+PMIzvDjceXJenbdZ64oznzmEP3DefwBN/ZAO</latexit>

L1
<latexit sha1_base64="UZIEdhNY54hmutmMifOOhC3gxqE=">AAAB6nicbVBNS8NAEJ3UrxqtVj16WSwFTyUpoj0WBPHgoaL9gDaUzXbTLt1swu5GKKE/wYsHRbyKP8Sf4M1/46btQVsfDDzem2Fmnh9zprTjfFu5tfWNza38tr2zW9jbLx4ctlSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttjy8zv/1ApWKRuNeTmHohHgoWMIK1ke5u+tV+seRUnBnQKnEXpFQvfCblK/uj0S9+9QYRSUIqNOFYqa7rxNpLsdSMcDq1e4miMSZjPKRdQwUOqfLS2alTVDbKAAWRNCU0mqm/J1IcKjUJfdMZYj1Sy14m/ud1Ex3UvJSJONFUkPmiIOFIRyj7Gw2YpETziSGYSGZuRWSEJSbapGObENzll1dJq1pxzytntyaNGsyRh2M4gVNw4QLqcA0NaAKBITzCM7xY3HqyXq23eWvOWswcwR9Y7z9PgZAP</latexit>

L2
<latexit sha1_base64="nQLAL2sFO2jMBZkuNrgNdbOJO1k=">AAAB6nicbVDLSsNAFL2prxqtRl26GSwFVyVR0S4LgrhwUdE+oA1lMp20QyeTMDMRSugnuHGhiFvxQ/wEd/6N08dCWw9cOJxzL/feEyScKe2631ZuZXVtfSO/aW9tF3Z2nb39hopTSWidxDyWrQArypmgdc00p61EUhwFnDaD4eXEbz5QqVgs7vUooX6E+4KFjGBtpLub7mnXKbpldwq0TLw5KVYLn2npyv6odZ2vTi8maUSFJhwr1fbcRPsZlpoRTsd2J1U0wWSI+7RtqMARVX42PXWMSkbpoTCWpoRGU/X3RIYjpUZRYDojrAdq0ZuI/3ntVIcVP2MiSTUVZLYoTDnSMZr8jXpMUqL5yBBMJDO3IjLAEhNt0rFNCN7iy8ukcVL2zstntyaNCsyQh0M4gmPw4AKqcA01qAOBPjzCM7xY3HqyXq23WWvOms8cwB9Y7z9RBZAQ</latexit>

L3

k-mers

<latexit sha1_base64="u88UOqYDq+rsU4GlE3Yf6Y7656Q=">AAAB6nicbVDLSsNAFL2prxqtRl26GSwFVyVR0S6LgrisaB/QhjKZTtqhk0mYmQgl9BPcuFDErfghfoI7/8bpY6GtBy4czrmXe+8JEs6Udt1vK7eyura+kd+0t7YLO7vO3n5DxakktE5iHstWgBXlTNC6ZprTViIpjgJOm8HwauI3H6hULBb3epRQP8J9wUJGsDbS3WX3tOsU3bI7BVom3pwUq4XPtHRtf9S6zlenF5M0okITjpVqe26i/QxLzQinY7uTKppgMsR92jZU4IgqP5ueOkYlo/RQGEtTQqOp+nsiw5FSoygwnRHWA7XoTcT/vHaqw4qfMZGkmgoyWxSmHOkYTf5GPSYp0XxkCCaSmVsRGWCJiTbp2CYEb/HlZdI4KXvn5bNbk0YFZsjDIRzBMXhwAVW4gRrUgUAfHuEZXixuPVmv1tusNWfNZw7gD6z3H0HJkAY=</latexit>

B3 <latexit sha1_base64="itxPvxYCgvzi75hVZu3BvgLIE9E=">AAAB6nicbVDLSsNAFL2prxqtRl26GSwFVyVR0S4rgrisaB/QhjKZTtqhk0mYmQgl9BPcuFDErfghfoI7/8bpY6GtBy4czrmXe+8JEs6Udt1vK7eyura+kd+0t7YLO7vO3n5DxakktE5iHstWgBXlTNC6ZprTViIpjgJOm8HwauI3H6hULBb3epRQP8J9wUJGsDbS3WX3tOsU3bI7BVom3pwUq4XPtHRtf9S6zlenF5M0okITjpVqe26i/QxLzQinY7uTKppgMsR92jZU4IgqP5ueOkYlo/RQGEtTQqOp+nsiw5FSoygwnRHWA7XoTcT/vHaqw4qfMZGkmgoyWxSmHOkYTf5GPSYp0XxkCCaSmVsRGWCJiTbp2CYEb/HlZdI4KXvn5bNbk0YFZsjDIRzBMXhwAVW4gRrUgUAfHuEZXixuPVmv1tusNWfNZw7gD6z3H0BDkAU=</latexit>

A3
<latexit sha1_base64="lPyqKoQK1ZXNT0m61oyEmGCYC/g=">AAAB6nicbVBNS8NAEJ3UrxqtVj16WSwFTyUpoj1WBPFY0X5AG8pmu2mXbjZhdyOU0J/gxYMiXsUf4k/w5r9x0/agrQ8GHu/NMDPPjzlT2nG+rdza+sbmVn7b3tkt7O0XDw5bKkokoU0S8Uh2fKwoZ4I2NdOcdmJJcehz2vbHV5nffqBSsUjc60lMvRAPBQsYwdpId5f9ar9YcirODGiVuAtSqhc+k/K1/dHoF796g4gkIRWacKxU13Vi7aVYakY4ndq9RNEYkzEe0q6hAodUeens1CkqG2WAgkiaEhrN1N8TKQ6VmoS+6QyxHqllLxP/87qJDmpeykScaCrIfFGQcKQjlP2NBkxSovnEEEwkM7ciMsISE23SsU0I7vLLq6RVrbjnlbNbk0YN5sjDMZzAKbhwAXW4gQY0gcAQHuEZXixuPVmv1tu8NWctZo7gD6z3Hz6/kAQ=</latexit>

A2
<latexit sha1_base64="FgTDwJFnWcYbdK803aknYvOYUic=">AAAB6nicbVDLSgNBEOz1GVejUY9eBkPAU9gV0RwjgniMaB6QLGF2MpsMmZldZmaFsOQTvHhQxKv4IX6CN//GyeOgiQUNRVU33V1hwpk2nvftrKyurW9s5rbc7Z387l5h/6Ch41QRWicxj1UrxJpyJmndMMNpK1EUi5DTZji8mvjNB6o0i+W9GSU0ELgvWcQINla6u+z63ULRK3tToGXiz0mxmv9MS9fuR61b+Or0YpIKKg3hWOu27yUmyLAyjHA6djuppgkmQ9ynbUslFlQH2fTUMSpZpYeiWNmSBk3V3xMZFlqPRGg7BTYDvehNxP+8dmqiSpAxmaSGSjJbFKUcmRhN/kY9pigxfGQJJorZWxEZYIWJsem4NgR/8eVl0jgt++fls1ubRgVmyMERHMMJ+HABVbiBGtSBQB8e4RleHO48Oa/O26x1xZnPHMIfOO8/PTuQAw==</latexit>

A1
TAA

TAT

GCT

AGC

GGC

CTT

TTA

<latexit sha1_base64="tGRce0Mx8QDpsy9kCfWu/2w6ev8=">AAAB6nicbVBNS8NAEJ3UrxqtVj16WSwFTyUpoj0WBfFY0X5AG8pmu2mXbjZhdyOU0J/gxYMiXsUf4k/w5r9x0/agrQ8GHu/NMDPPjzlT2nG+rdza+sbmVn7b3tkt7O0XDw5bKkokoU0S8Uh2fKwoZ4I2NdOcdmJJcehz2vbHV5nffqBSsUjc60lMvRAPBQsYwdpId5f9ar9YcirODGiVuAtSqhc+k/K1/dHoF796g4gkIRWacKxU13Vi7aVYakY4ndq9RNEYkzEe0q6hAodUeens1CkqG2WAgkiaEhrN1N8TKQ6VmoS+6QyxHqllLxP/87qJDmpeykScaCrIfFGQcKQjlP2NBkxSovnEEEwkM7ciMsISE23SsU0I7vLLq6RVrbjnlbNbk0YN5sjDMZzAKbhwAXW4gQY0gcAQHuEZXixuPVmv1tu8NWctZo7gD6z3H0BFkAU=</latexit>

B2

General scheme for sparse matrices

sparse dense
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Method

<latexit sha1_base64="t/Kgg5P8aD4bVxOclkzWmi0owL0=">AAAB6nicbVDLSgNBEOz1GVejUY9eBkPAU9gV0RyDgniMaB6QLGF2MpsMmZldZmaFsOQTvHhQxKv4IX6CN//GyeOgiQUNRVU33V1hwpk2nvftrKyurW9s5rbc7Z387l5h/6Ch41QRWicxj1UrxJpyJmndMMNpK1EUi5DTZji8mvjNB6o0i+W9GSU0ELgvWcQINla6u+z63ULRK3tToGXiz0mxmv9MS9fuR61b+Or0YpIKKg3hWOu27yUmyLAyjHA6djuppgkmQ9ynbUslFlQH2fTUMSpZpYeiWNmSBk3V3xMZFlqPRGg7BTYDvehNxP+8dmqiSpAxmaSGSjJbFKUcmRhN/kY9pigxfGQJJorZWxEZYIWJsem4NgR/8eVl0jgt++fls1ubRgVmyMERHMMJ+HABVbiBGtSBQB8e4RleHO48Oa/O26x1xZnPHMIfOO8/PsGQBA==</latexit>

B1

1

1

1 1

1

1

1 1

1 1

1

1

Indicator matrix

(Multi-BRWT)

Arrays of

attributes

<latexit sha1_base64="nar2kqr2Vf5asfGdY95CtXsoicA=">AAAB7nicbVC7SgNBFL0bH4mJj6hlmsEgWEjYEdGUQRvLCOYByRJmJ7PJkNnZZWZWCEv+wMbGQhFbv8fO37C2cPIoNPHAhcM593LvPX4suDau++lk1tY3NrO5rXxhe2d3r7h/0NRRoihr0EhEqu0TzQSXrGG4EawdK0ZCX7CWP7qe+q17pjSP5J0Zx8wLyUDygFNirNQivRSf4kmvWHYr7gxoleAFKddKX1fZwsN3vVf86PYjmoRMGiqI1h3sxsZLiTKcCjbJdxPNYkJHZMA6lkoSMu2ls3Mn6NgqfRREypY0aKb+nkhJqPU49G1nSMxQL3tT8T+vk5ig6qVcxolhks4XBYlAJkLT31GfK0aNGFtCqOL2VkSHRBFqbEJ5GwJefnmVNM8q+KJyfmvTqMIcOSjBEZwAhkuowQ3UoQEURvAIz/DixM6T8+q8zVszzmLmEP7Aef8BxKySKg==</latexit>a1,1
<latexit sha1_base64="Z3nR7BSJi0sQuqtTnQwUG/O0qWY=">AAAB7nicbVC7SgNBFL0bH4mJj6hlmsEgWEjYDaIpgzaWEcwD4hJmJ7PJkJnZZWZWCEv+wMbGQhFbv8fO37C2cPIoNPHAhcM593LvPUHMmTau++lk1tY3NrO5rXxhe2d3r7h/0NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GF1N/fY9VZpF8taMY+oLPJAsZAQbK7VxL62eepNesexW3BnQKvEWpFwvfV1mCw/fjV7x464fkURQaQjHWnc9NzZ+ipVhhNNJ/i7RNMZkhAe0a6nEgmo/nZ07QcdW6aMwUrakQTP190SKhdZjEdhOgc1QL3tT8T+vm5iw5qdMxomhkswXhQlHJkLT31GfKUoMH1uCiWL2VkSGWGFibEJ5G4K3/PIqaVUr3nnl7MamUYM5clCCIzgBDy6gDtfQgCYQGMEjPMOLEztPzqvzNm/NOIuZQ/gD5/0HxjOSKw==</latexit>a2,1

<latexit sha1_base64="HQKcvehEHU8c+kDf1Ldr5pHNQDU=">AAAB7nicbVC7SgNBFL3rKzHxEbVMMxgECwm7EjRl0MYygnlAsoTZyWwyZHZmmZkVwpI/sLGxUMTW77HzN6wtnDwKTTxw4XDOvdx7TxBzpo3rfjpr6xubW5nsdi6/s7u3Xzg4bGqZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo+up37qnSjMp7sw4pn6EB4KFjGBjpRbupZUzb9IrlNyyOwNaJd6ClGrFr6tM/uG73it8dPuSJBEVhnCsdcdzY+OnWBlGOJ3kuommMSYjPKAdSwWOqPbT2bkTdGKVPgqlsiUMmqm/J1IcaT2OAtsZYTPUy95U/M/rJCas+ikTcWKoIPNFYcKRkWj6O+ozRYnhY0swUczeisgQK0yMTShnQ/CWX14lzfOyd1Gu3No0qjBHFopwDKfgwSXU4Abq0AACI3iEZ3hxYufJeXXe5q1rzmLmCP7Aef8ByUGSLQ==</latexit>a4,1

<latexit sha1_base64="TC5qYLGtmK2p/0gHq8Nc10yrktY=">AAAB7nicbVC7SgNBFL3jKzHxEbVMMxgECwm7KpoyaGMZwTwgWcLsZDYZMju7zMwKYckf2NhYKGLr99j5G9YWTh6FJh64cDjnXu69x48F18ZxPtHK6tr6Ria7mctvbe/sFvb2GzpKFGV1GolItXyimeCS1Q03grVixUjoC9b0h9cTv3nPlOaRvDOjmHkh6UsecEqMlZqkm56duONuoeSUnSnwMnHnpFQtfl1l8g/ftW7ho9OLaBIyaaggWrddJzZeSpThVLBxrpNoFhM6JH3WtlSSkGkvnZ47xkdW6eEgUrakwVP190RKQq1HoW87Q2IGetGbiP957cQEFS/lMk4Mk3S2KEgENhGe/I57XDFqxMgSQhW3t2I6IIpQYxPK2RDcxZeXSeO07F6Uz29tGhWYIQtFOIRjcOESqnADNagDhSE8wjO8oBg9oVf0NmtdQfOZA/gD9P4Dx7qSLA==</latexit>a3,1

<latexit sha1_base64="T2sfFvotIJDaaYB8RGaKMDKruik=">AAAB7nicbVC7SgNBFL3jKzHxEbVMMxgECwm74iNl0MYygnlAsoTZyWwyZHZ2mZkVwpI/sLGxUMTW77HzN6wtnDwKTTxw4XDOvdx7jx8Lro3jfKKV1bX1jUx2M5ff2t7ZLeztN3SUKMrqNBKRavlEM8ElqxtuBGvFipHQF6zpD68nfvOeKc0jeWdGMfNC0pc84JQYKzVJNz0/ccfdQskpO1PgZeLOSala/LrK5B++a93CR6cX0SRk0lBBtG67Tmy8lCjDqWDjXCfRLCZ0SPqsbakkIdNeOj13jI+s0sNBpGxJg6fq74mUhFqPQt92hsQM9KI3Ef/z2okJKl7KZZwYJulsUZAIbCI8+R33uGLUiJElhCpub8V0QBShxiaUsyG4iy8vk8Zp2b0on93aNCowQxaKcAjH4MIlVOEGalAHCkN4hGd4QTF6Qq/obda6guYzB/AH6P0HysiSLg==</latexit>a5,1
<latexit sha1_base64="qWKMRXj2Uw/eapToNRG9d3hde/k=">AAAB7nicbVC7SgNBFL0bH4mJj1XLNINBsJCwG3ykDNpYRjAPSJYwO5lNhszOLjOzQljyBzY2ForY+j12/oa1hZNHoYkHLhzOuZd77/FjzpR2nE8rs7a+sZnNbeUL2zu7e/b+QVNFiSS0QSIeybaPFeVM0IZmmtN2LCkOfU5b/uh66rfuqVQsEnd6HFMvxAPBAkawNlIL99Lz08qkZ5ecsjMDWiXugpRqxa+rbOHhu96zP7r9iCQhFZpwrFTHdWLtpVhqRjid5LuJojEmIzygHUMFDqny0tm5E3RslD4KImlKaDRTf0+kOFRqHPqmM8R6qJa9qfif10l0UPVSJuJEU0Hmi4KEIx2h6e+ozyQlmo8NwUQycysiQywx0SahvAnBXX55lTQrZfeifHZr0qjCHDkowhGcgAuXUIMbqEMDCIzgEZ7hxYqtJ+vVepu3ZqzFzCH8gfX+A8xNki8=</latexit>a5,2

<latexit sha1_base64="pjE6fSAX0o0hpxljyRXX4xEfx8I=">AAAB7nicbVC7SgNBFL0bH4mJj1XLNINBsJCwG4KmDNpYRjAPSJYwO5lNhszOLjOzQljyBzY2ForY+j12/oa1hZNHoYkHLhzOuZd77/FjzpR2nE8rs7G5tZ3N7eQLu3v7B/bhUUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/vh65rfvqVQsEnd6ElMvxEPBAkawNlIb99PqeWXat0tO2ZkDrRN3SUr14tdVtvDw3ejbH71BRJKQCk04VqrrOrH2Uiw1I5xO871E0RiTMR7SrqECh1R56fzcKTo1ygAFkTQlNJqrvydSHCo1CX3TGWI9UqveTPzP6yY6qHkpE3GiqSCLRUHCkY7Q7Hc0YJISzSeGYCKZuRWREZaYaJNQ3oTgrr68TlqVsntRrt6aNGqwQA6KcAJn4MIl1OEGGtAEAmN4hGd4sWLryXq13hatGWs5cwx/YL3/AMrGki4=</latexit>a4,2

<latexit sha1_base64="UJC0q6y69jLX0P7BvQUAOnOOUxY=">AAAB7nicbVC7SgNBFL0bH4mJj1XLNINBsJCwG0VTBm0sI5gHJEuYncwmQ2Znl5lZISz5AxsbC0Vs/R47f8Pawsmj0MQDFw7n3Mu99/gxZ0o7zqeVWVvf2MzmtvKF7Z3dPXv/oKmiRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3Q99Vv3VCoWiTs9jqkX4oFgASNYG6mFe+nZaWXSs0tO2ZkBrRJ3QUq14tdVtvDwXe/ZH91+RJKQCk04VqrjOrH2Uiw1I5xO8t1E0RiTER7QjqECh1R56ezcCTo2Sh8FkTQlNJqpvydSHCo1Dn3TGWI9VMveVPzP6yQ6qHopE3GiqSDzRUHCkY7Q9HfUZ5ISzceGYCKZuRWRIZaYaJNQ3oTgLr+8SpqVsntRPr81aVRhjhwU4QhOwIVLqMEN1KEBBEbwCM/wYsXWk/Vqvc1bM9Zi5hD+wHr/Ack/ki0=</latexit>a3,2

<latexit sha1_base64="P+N8UvQv3sSsBET6T6CB4H5sWlg=">AAAB7nicbVC7SgNBFL0bH4mJj6hlmsEgWEjYDaIpgzaWEcwD4hJmJ7PJkNmZZWZWCEv+wMbGQhFbv8fO37C2cPIoNPHAhcM593LvPUHMmTau++lk1tY3NrO5rXxhe2d3r7h/0NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoORldTv31PlWZS3JpxTP0IDwQLGcHGSm3cS6un1UmvWHYr7gxolXgLUq6Xvi6zhYfvRq/4cdeXJImoMIRjrbueGxs/xcowwukkf5doGmMywgPatVTgiGo/nZ07QcdW6aNQKlvCoJn6eyLFkdbjKLCdETZDvexNxf+8bmLCmp8yESeGCjJfFCYcGYmmv6M+U5QYPrYEE8XsrYgMscLE2ITyNgRv+eVV0qpWvPPK2Y1NowZz5KAER3ACHlxAHa6hAU0gMIJHeIYXJ3aenFfnbd6acRYzh/AHzvsPx7iSLA==</latexit>a2,2

<latexit sha1_base64="66y2AtjFT/8E1dvqYXSWs7z14oo=">AAAB7nicbVC7SgNBFL0bH4mJj6hlmsEgWEjYDaIpgzaWEcwD4hJmJ7PJkJnZZWZWCEv+wMbGQhFbv8fO37C2cPIoNPHAhcM593LvPUHMmTau++lk1tY3NrO5rXxhe2d3r7h/0NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GF1N/fY9VZpF8taMY+oLPJAsZAQbK7VxL/VOq5NesexW3BnQKvEWpFwvfV1mCw/fjV7x464fkURQaQjHWnc9NzZ+ipVhhNNJ/i7RNMZkhAe0a6nEgmo/nZ07QcdW6aMwUrakQTP190SKhdZjEdhOgc1QL3tT8T+vm5iw5qdMxomhkswXhQlHJkLT31GfKUoMH1uCiWL2VkSGWGFibEJ5G4K3/PIqaVUr3nnl7MamUYM5clCCIzgBDy6gDtfQgCYQGMEjPMOLEztPzqvzNm/NOIuZQ/gD5/0HxjGSKw==</latexit>a1,2
<latexit sha1_base64="HhWydesfG+DYBQ0PYRqbaQPKQ6M=">AAAB7nicbVC7SgNBFL3jKzHxEbVMMxgECwm7KpoyaGMZwTwgWcLsZDYZMju7zMwKYckf2NhYKGLr99j5G9YWTh6FJh64cDjnXu69x48F18ZxPtHK6tr6Ria7mctvbe/sFvb2GzpKFGV1GolItXyimeCS1Q03grVixUjoC9b0h9cTv3nPlOaRvDOjmHkh6UsecEqMlZqkm7onZ+NuoeSUnSnwMnHnpFQtfl1l8g/ftW7ho9OLaBIyaaggWrddJzZeSpThVLBxrpNoFhM6JH3WtlSSkGkvnZ47xkdW6eEgUrakwVP190RKQq1HoW87Q2IGetGbiP957cQEFS/lMk4Mk3S2KEgENhGe/I57XDFqxMgSQhW3t2I6IIpQYxPK2RDcxZeXSeO07F6Uz29tGhWYIQtFOIRjcOESqnADNagDhSE8wjO8oBg9oVf0NmtdQfOZA/gD9P4Dx7aSLA==</latexit>a1,3
<latexit sha1_base64="9utWzviGm0IzD5tU+1oAg2jBs/k=">AAAB7nicbVC7SgNBFL0bH4mJj1XLNINBsJCwG0VTBm0sI5gHJEuYncwmQ2Znl5lZISz5AxsbC0Vs/R47f8Pawsmj0MQDFw7n3Mu99/gxZ0o7zqeVWVvf2MzmtvKF7Z3dPXv/oKmiRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3Q99Vv3VCoWiTs9jqkX4oFgASNYG6mFe2nl9GzSs0tO2ZkBrRJ3QUq14tdVtvDwXe/ZH91+RJKQCk04VqrjOrH2Uiw1I5xO8t1E0RiTER7QjqECh1R56ezcCTo2Sh8FkTQlNJqpvydSHCo1Dn3TGWI9VMveVPzP6yQ6qHopE3GiqSDzRUHCkY7Q9HfUZ5ISzceGYCKZuRWRIZaYaJNQ3oTgLr+8SpqVsntRPr81aVRhjhwU4QhOwIVLqMEN1KEBBEbwCM/wYsXWk/Vqvc1bM9Zi5hD+wHr/Ack9ki0=</latexit>a2,3

Attributes

<latexit sha1_base64="nar2kqr2Vf5asfGdY95CtXsoicA=">AAAB7nicbVC7SgNBFL0bH4mJj6hlmsEgWEjYEdGUQRvLCOYByRJmJ7PJkNnZZWZWCEv+wMbGQhFbv8fO37C2cPIoNPHAhcM593LvPX4suDau++lk1tY3NrO5rXxhe2d3r7h/0NRRoihr0EhEqu0TzQSXrGG4EawdK0ZCX7CWP7qe+q17pjSP5J0Zx8wLyUDygFNirNQivRSf4kmvWHYr7gxoleAFKddKX1fZwsN3vVf86PYjmoRMGiqI1h3sxsZLiTKcCjbJdxPNYkJHZMA6lkoSMu2ls3Mn6NgqfRREypY0aKb+nkhJqPU49G1nSMxQL3tT8T+vk5ig6qVcxolhks4XBYlAJkLT31GfK0aNGFtCqOL2VkSHRBFqbEJ5GwJefnmVNM8q+KJyfmvTqMIcOSjBEZwAhkuowQ3UoQEURvAIz/DixM6T8+q8zVszzmLmEP7Aef8BxKySKg==</latexit>a1,1

<latexit sha1_base64="Z3nR7BSJi0sQuqtTnQwUG/O0qWY=">AAAB7nicbVC7SgNBFL0bH4mJj6hlmsEgWEjYDaIpgzaWEcwD4hJmJ7PJkJnZZWZWCEv+wMbGQhFbv8fO37C2cPIoNPHAhcM593LvPUHMmTau++lk1tY3NrO5rXxhe2d3r7h/0NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GF1N/fY9VZpF8taMY+oLPJAsZAQbK7VxL62eepNesexW3BnQKvEWpFwvfV1mCw/fjV7x464fkURQaQjHWnc9NzZ+ipVhhNNJ/i7RNMZkhAe0a6nEgmo/nZ07QcdW6aMwUrakQTP190SKhdZjEdhOgc1QL3tT8T+vm5iw5qdMxomhkswXhQlHJkLT31GfKUoMH1uCiWL2VkSGWGFibEJ5G4K3/PIqaVUr3nnl7MamUYM5clCCIzgBDy6gDtfQgCYQGMEjPMOLEztPzqvzNm/NOIuZQ/gD5/0HxjOSKw==</latexit>a2,1

<latexit sha1_base64="HQKcvehEHU8c+kDf1Ldr5pHNQDU=">AAAB7nicbVC7SgNBFL3rKzHxEbVMMxgECwm7EjRl0MYygnlAsoTZyWwyZHZmmZkVwpI/sLGxUMTW77HzN6wtnDwKTTxw4XDOvdx7TxBzpo3rfjpr6xubW5nsdi6/s7u3Xzg4bGqZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo+up37qnSjMp7sw4pn6EB4KFjGBjpRbupZUzb9IrlNyyOwNaJd6ClGrFr6tM/uG73it8dPuSJBEVhnCsdcdzY+OnWBlGOJ3kuommMSYjPKAdSwWOqPbT2bkTdGKVPgqlsiUMmqm/J1IcaT2OAtsZYTPUy95U/M/rJCas+ikTcWKoIPNFYcKRkWj6O+ozRYnhY0swUczeisgQK0yMTShnQ/CWX14lzfOyd1Gu3No0qjBHFopwDKfgwSXU4Abq0AACI3iEZ3hxYufJeXXe5q1rzmLmCP7Aef8ByUGSLQ==</latexit>a4,1

<latexit sha1_base64="TC5qYLGtmK2p/0gHq8Nc10yrktY=">AAAB7nicbVC7SgNBFL3jKzHxEbVMMxgECwm7KpoyaGMZwTwgWcLsZDYZMju7zMwKYckf2NhYKGLr99j5G9YWTh6FJh64cDjnXu69x48F18ZxPtHK6tr6Ria7mctvbe/sFvb2GzpKFGV1GolItXyimeCS1Q03grVixUjoC9b0h9cTv3nPlOaRvDOjmHkh6UsecEqMlZqkm56duONuoeSUnSnwMnHnpFQtfl1l8g/ftW7ho9OLaBIyaaggWrddJzZeSpThVLBxrpNoFhM6JH3WtlSSkGkvnZ47xkdW6eEgUrakwVP190RKQq1HoW87Q2IGetGbiP957cQEFS/lMk4Mk3S2KEgENhGe/I57XDFqxMgSQhW3t2I6IIpQYxPK2RDcxZeXSeO07F6Uz29tGhWYIQtFOIRjcOESqnADNagDhSE8wjO8oBg9oVf0NmtdQfOZA/gD9P4Dx7qSLA==</latexit>a3,1

<latexit sha1_base64="T2sfFvotIJDaaYB8RGaKMDKruik=">AAAB7nicbVC7SgNBFL3jKzHxEbVMMxgECwm74iNl0MYygnlAsoTZyWwyZHZ2mZkVwpI/sLGxUMTW77HzN6wtnDwKTTxw4XDOvdx7jx8Lro3jfKKV1bX1jUx2M5ff2t7ZLeztN3SUKMrqNBKRavlEM8ElqxtuBGvFipHQF6zpD68nfvOeKc0jeWdGMfNC0pc84JQYKzVJNz0/ccfdQskpO1PgZeLOSala/LrK5B++a93CR6cX0SRk0lBBtG67Tmy8lCjDqWDjXCfRLCZ0SPqsbakkIdNeOj13jI+s0sNBpGxJg6fq74mUhFqPQt92hsQM9KI3Ef/z2okJKl7KZZwYJulsUZAIbCI8+R33uGLUiJElhCpub8V0QBShxiaUsyG4iy8vk8Zp2b0on93aNCowQxaKcAjH4MIlVOEGalAHCkN4hGd4QTF6Qq/obda6guYzB/AH6P0HysiSLg==</latexit>a5,1
<latexit sha1_base64="qWKMRXj2Uw/eapToNRG9d3hde/k=">AAAB7nicbVC7SgNBFL0bH4mJj1XLNINBsJCwG3ykDNpYRjAPSJYwO5lNhszOLjOzQljyBzY2ForY+j12/oa1hZNHoYkHLhzOuZd77/FjzpR2nE8rs7a+sZnNbeUL2zu7e/b+QVNFiSS0QSIeybaPFeVM0IZmmtN2LCkOfU5b/uh66rfuqVQsEnd6HFMvxAPBAkawNlIL99Lz08qkZ5ecsjMDWiXugpRqxa+rbOHhu96zP7r9iCQhFZpwrFTHdWLtpVhqRjid5LuJojEmIzygHUMFDqny0tm5E3RslD4KImlKaDRTf0+kOFRqHPqmM8R6qJa9qfif10l0UPVSJuJEU0Hmi4KEIx2h6e+ozyQlmo8NwUQycysiQywx0SahvAnBXX55lTQrZfeifHZr0qjCHDkowhGcgAuXUIMbqEMDCIzgEZ7hxYqtJ+vVepu3ZqzFzCH8gfX+A8xNki8=</latexit>a5,2

<latexit sha1_base64="pjE6fSAX0o0hpxljyRXX4xEfx8I=">AAAB7nicbVC7SgNBFL0bH4mJj1XLNINBsJCwG4KmDNpYRjAPSJYwO5lNhszOLjOzQljyBzY2ForY+j12/oa1hZNHoYkHLhzOuZd77/FjzpR2nE8rs7G5tZ3N7eQLu3v7B/bhUUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/vh65rfvqVQsEnd6ElMvxEPBAkawNlIb99PqeWXat0tO2ZkDrRN3SUr14tdVtvDw3ejbH71BRJKQCk04VqrrOrH2Uiw1I5xO871E0RiTMR7SrqECh1R56fzcKTo1ygAFkTQlNJqrvydSHCo1CX3TGWI9UqveTPzP6yY6qHkpE3GiqSCLRUHCkY7Q7Hc0YJISzSeGYCKZuRWREZaYaJNQ3oTgrr68TlqVsntRrt6aNGqwQA6KcAJn4MIl1OEGGtAEAmN4hGd4sWLryXq13hatGWs5cwx/YL3/AMrGki4=</latexit>a4,2

<latexit sha1_base64="UJC0q6y69jLX0P7BvQUAOnOOUxY=">AAAB7nicbVC7SgNBFL0bH4mJj1XLNINBsJCwG0VTBm0sI5gHJEuYncwmQ2Znl5lZISz5AxsbC0Vs/R47f8Pawsmj0MQDFw7n3Mu99/gxZ0o7zqeVWVvf2MzmtvKF7Z3dPXv/oKmiRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3Q99Vv3VCoWiTs9jqkX4oFgASNYG6mFe+nZaWXSs0tO2ZkBrRJ3QUq14tdVtvDwXe/ZH91+RJKQCk04VqrjOrH2Uiw1I5xO8t1E0RiTER7QjqECh1R56ezcCTo2Sh8FkTQlNJqpvydSHCo1Dn3TGWI9VMveVPzP6yQ6qHopE3GiqSDzRUHCkY7Q9HfUZ5ISzceGYCKZuRWRIZaYaJNQ3oTgLr+8SpqVsntRPr81aVRhjhwU4QhOwIVLqMEN1KEBBEbwCM/wYsXWk/Vqvc1bM9Zi5hD+wHr/Ack/ki0=</latexit>a3,2

<latexit sha1_base64="P+N8UvQv3sSsBET6T6CB4H5sWlg=">AAAB7nicbVC7SgNBFL0bH4mJj6hlmsEgWEjYDaIpgzaWEcwD4hJmJ7PJkNmZZWZWCEv+wMbGQhFbv8fO37C2cPIoNPHAhcM593LvPUHMmTau++lk1tY3NrO5rXxhe2d3r7h/0NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoORldTv31PlWZS3JpxTP0IDwQLGcHGSm3cS6un1UmvWHYr7gxolXgLUq6Xvi6zhYfvRq/4cdeXJImoMIRjrbueGxs/xcowwukkf5doGmMywgPatVTgiGo/nZ07QcdW6aNQKlvCoJn6eyLFkdbjKLCdETZDvexNxf+8bmLCmp8yESeGCjJfFCYcGYmmv6M+U5QYPrYEE8XsrYgMscLE2ITyNgRv+eVV0qpWvPPK2Y1NowZz5KAER3ACHlxAHa6hAU0gMIJHeIYXJ3aenFfnbd6acRYzh/AHzvsPx7iSLA==</latexit>a2,2

<latexit sha1_base64="66y2AtjFT/8E1dvqYXSWs7z14oo=">AAAB7nicbVC7SgNBFL0bH4mJj6hlmsEgWEjYDaIpgzaWEcwD4hJmJ7PJkJnZZWZWCEv+wMbGQhFbv8fO37C2cPIoNPHAhcM593LvPUHMmTau++lk1tY3NrO5rXxhe2d3r7h/0NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GF1N/fY9VZpF8taMY+oLPJAsZAQbK7VxL/VOq5NesexW3BnQKvEWpFwvfV1mCw/fjV7x464fkURQaQjHWnc9NzZ+ipVhhNNJ/i7RNMZkhAe0a6nEgmo/nZ07QcdW6aMwUrakQTP190SKhdZjEdhOgc1QL3tT8T+vm5iw5qdMxomhkswXhQlHJkLT31GfKUoMH1uCiWL2VkSGWGFibEJ5G4K3/PIqaVUr3nnl7MamUYM5clCCIzgBDy6gDtfQgCYQGMEjPMOLEztPzqvzNm/NOIuZQ/gD5/0HxjGSKw==</latexit>a1,2

<latexit sha1_base64="HhWydesfG+DYBQ0PYRqbaQPKQ6M=">AAAB7nicbVC7SgNBFL3jKzHxEbVMMxgECwm7KpoyaGMZwTwgWcLsZDYZMju7zMwKYckf2NhYKGLr99j5G9YWTh6FJh64cDjnXu69x48F18ZxPtHK6tr6Ria7mctvbe/sFvb2GzpKFGV1GolItXyimeCS1Q03grVixUjoC9b0h9cTv3nPlOaRvDOjmHkh6UsecEqMlZqkm7onZ+NuoeSUnSnwMnHnpFQtfl1l8g/ftW7ho9OLaBIyaaggWrddJzZeSpThVLBxrpNoFhM6JH3WtlSSkGkvnZ47xkdW6eEgUrakwVP190RKQq1HoW87Q2IGetGbiP957cQEFS/lMk4Mk3S2KEgENhGe/I57XDFqxMgSQhW3t2I6IIpQYxPK2RDcxZeXSeO07F6Uz29tGhWYIQtFOIRjcOESqnADNagDhSE8wjO8oBg9oVf0NmtdQfOZA/gD9P4Dx7aSLA==</latexit>a1,3

<latexit sha1_base64="9utWzviGm0IzD5tU+1oAg2jBs/k=">AAAB7nicbVC7SgNBFL0bH4mJj1XLNINBsJCwG0VTBm0sI5gHJEuYncwmQ2Znl5lZISz5AxsbC0Vs/R47f8Pawsmj0MQDFw7n3Mu99/gxZ0o7zqeVWVvf2MzmtvKF7Z3dPXv/oKmiRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3Q99Vv3VCoWiTs9jqkX4oFgASNYG6mFe2nl9GzSs0tO2ZkBrRJ3QUq14tdVtvDwXe/ZH91+RJKQCk04VqrjOrH2Uiw1I5xO8t1E0RiTER7QjqECh1R56ezcCTo2Sh8FkTQlNJqpvydSHCo1Dn3TGWI9VMveVPzP6yQ6qHopE3GiqSDzRUHCkY7Q9HfUZ5ISzceGYCKZuRWRIZaYaJNQ3oTgLr+8SpqVsntRPr81aVRhjhwU4QhOwIVLqMEN1KEBBEbwCM/wYsXWk/Vqvc1bM9Zi5hD+wHr/Ack9ki0=</latexit>a2,3

<latexit sha1_base64="NtB909QBEAKKxsy4u8OKmkGTnoU=">AAAB6nicbVDLSgNBEOz1GVejUY9eBkPAU9gV0RwDgnjwENE8IFnC7GQ2GTIzu8zMCmHJJ3jxoIhX8UP8BG/+jZPHQRMLGoqqbrq7woQzbTzv21lZXVvf2Mxtuds7+d29wv5BQ8epIrROYh6rVog15UzSumGG01aiKBYhp81weDnxmw9UaRbLezNKaCBwX7KIEWysdHfT9buFolf2pkDLxJ+TYjX/mZau3I9at/DV6cUkFVQawrHWbd9LTJBhZRjhdOx2Uk0TTIa4T9uWSiyoDrLpqWNUskoPRbGyJQ2aqr8nMiy0HonQdgpsBnrRm4j/ee3URJUgYzJJDZVktihKOTIxmvyNekxRYvjIEkwUs7ciMsAKE2PTcW0I/uLLy6RxWvbPy2e3No0KzJCDIziGE/DhAqpwDTWoA4E+PMIzvDjceXJenbdZ64oznzmEP3DefwBN/ZAO</latexit>

L1
<latexit sha1_base64="UZIEdhNY54hmutmMifOOhC3gxqE=">AAAB6nicbVBNS8NAEJ3UrxqtVj16WSwFTyUpoj0WBPHgoaL9gDaUzXbTLt1swu5GKKE/wYsHRbyKP8Sf4M1/46btQVsfDDzem2Fmnh9zprTjfFu5tfWNza38tr2zW9jbLx4ctlSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttjy8zv/1ApWKRuNeTmHohHgoWMIK1ke5u+tV+seRUnBnQKnEXpFQvfCblK/uj0S9+9QYRSUIqNOFYqa7rxNpLsdSMcDq1e4miMSZjPKRdQwUOqfLS2alTVDbKAAWRNCU0mqm/J1IcKjUJfdMZYj1Sy14m/ud1Ex3UvJSJONFUkPmiIOFIRyj7Gw2YpETziSGYSGZuRWSEJSbapGObENzll1dJq1pxzytntyaNGsyRh2M4gVNw4QLqcA0NaAKBITzCM7xY3HqyXq23eWvOWswcwR9Y7z9PgZAP</latexit>

L2
<latexit sha1_base64="nQLAL2sFO2jMBZkuNrgNdbOJO1k=">AAAB6nicbVDLSsNAFL2prxqtRl26GSwFVyVR0S4LgrhwUdE+oA1lMp20QyeTMDMRSugnuHGhiFvxQ/wEd/6N08dCWw9cOJxzL/feEyScKe2631ZuZXVtfSO/aW9tF3Z2nb39hopTSWidxDyWrQArypmgdc00p61EUhwFnDaD4eXEbz5QqVgs7vUooX6E+4KFjGBtpLub7mnXKbpldwq0TLw5KVYLn2npyv6odZ2vTi8maUSFJhwr1fbcRPsZlpoRTsd2J1U0wWSI+7RtqMARVX42PXWMSkbpoTCWpoRGU/X3RIYjpUZRYDojrAdq0ZuI/3ntVIcVP2MiSTUVZLYoTDnSMZr8jXpMUqL5yBBMJDO3IjLAEhNt0rFNCN7iy8ukcVL2zstntyaNCsyQh0M4gmPw4AKqcA01qAOBPjzCM7xY3HqyXq23WWvOms8cwB9Y7z9RBZAQ</latexit>

L3

k-mers

<latexit sha1_base64="u88UOqYDq+rsU4GlE3Yf6Y7656Q=">AAAB6nicbVDLSsNAFL2prxqtRl26GSwFVyVR0S6LgrisaB/QhjKZTtqhk0mYmQgl9BPcuFDErfghfoI7/8bpY6GtBy4czrmXe+8JEs6Udt1vK7eyura+kd+0t7YLO7vO3n5DxakktE5iHstWgBXlTNC6ZprTViIpjgJOm8HwauI3H6hULBb3epRQP8J9wUJGsDbS3WX3tOsU3bI7BVom3pwUq4XPtHRtf9S6zlenF5M0okITjpVqe26i/QxLzQinY7uTKppgMsR92jZU4IgqP5ueOkYlo/RQGEtTQqOp+nsiw5FSoygwnRHWA7XoTcT/vHaqw4qfMZGkmgoyWxSmHOkYTf5GPSYp0XxkCCaSmVsRGWCJiTbp2CYEb/HlZdI4KXvn5bNbk0YFZsjDIRzBMXhwAVW4gRrUgUAfHuEZXixuPVmv1tusNWfNZw7gD6z3H0HJkAY=</latexit>

B3 <latexit sha1_base64="itxPvxYCgvzi75hVZu3BvgLIE9E=">AAAB6nicbVDLSsNAFL2prxqtRl26GSwFVyVR0S4rgrisaB/QhjKZTtqhk0mYmQgl9BPcuFDErfghfoI7/8bpY6GtBy4czrmXe+8JEs6Udt1vK7eyura+kd+0t7YLO7vO3n5DxakktE5iHstWgBXlTNC6ZprTViIpjgJOm8HwauI3H6hULBb3epRQP8J9wUJGsDbS3WX3tOsU3bI7BVom3pwUq4XPtHRtf9S6zlenF5M0okITjpVqe26i/QxLzQinY7uTKppgMsR92jZU4IgqP5ueOkYlo/RQGEtTQqOp+nsiw5FSoygwnRHWA7XoTcT/vHaqw4qfMZGkmgoyWxSmHOkYTf5GPSYp0XxkCCaSmVsRGWCJiTbp2CYEb/HlZdI4KXvn5bNbk0YFZsjDIRzBMXhwAVW4gRrUgUAfHuEZXixuPVmv1tusNWfNZw7gD6z3H0BDkAU=</latexit>

A3
<latexit sha1_base64="lPyqKoQK1ZXNT0m61oyEmGCYC/g=">AAAB6nicbVBNS8NAEJ3UrxqtVj16WSwFTyUpoj1WBPFY0X5AG8pmu2mXbjZhdyOU0J/gxYMiXsUf4k/w5r9x0/agrQ8GHu/NMDPPjzlT2nG+rdza+sbmVn7b3tkt7O0XDw5bKkokoU0S8Uh2fKwoZ4I2NdOcdmJJcehz2vbHV5nffqBSsUjc60lMvRAPBQsYwdpId5f9ar9YcirODGiVuAtSqhc+k/K1/dHoF796g4gkIRWacKxU13Vi7aVYakY4ndq9RNEYkzEe0q6hAodUeens1CkqG2WAgkiaEhrN1N8TKQ6VmoS+6QyxHqllLxP/87qJDmpeykScaCrIfFGQcKQjlP2NBkxSovnEEEwkM7ciMsISE23SsU0I7vLLq6RVrbjnlbNbk0YN5sjDMZzAKbhwAXW4gQY0gcAQHuEZXixuPVmv1tu8NWctZo7gD6z3Hz6/kAQ=</latexit>

A2
<latexit sha1_base64="FgTDwJFnWcYbdK803aknYvOYUic=">AAAB6nicbVDLSgNBEOz1GVejUY9eBkPAU9gV0RwjgniMaB6QLGF2MpsMmZldZmaFsOQTvHhQxKv4IX6CN//GyeOgiQUNRVU33V1hwpk2nvftrKyurW9s5rbc7Z387l5h/6Ch41QRWicxj1UrxJpyJmndMMNpK1EUi5DTZji8mvjNB6o0i+W9GSU0ELgvWcQINla6u+z63ULRK3tToGXiz0mxmv9MS9fuR61b+Or0YpIKKg3hWOu27yUmyLAyjHA6djuppgkmQ9ynbUslFlQH2fTUMSpZpYeiWNmSBk3V3xMZFlqPRGg7BTYDvehNxP+8dmqiSpAxmaSGSjJbFKUcmRhN/kY9pigxfGQJJorZWxEZYIWJsem4NgR/8eVl0jgt++fls1ubRgVmyMERHMMJ+HABVbiBGtSBQB8e4RleHO48Oa/O26x1xZnPHMIfOO8/PTuQAw==</latexit>

A1
TAA

TAT

GCT

AGC

GGC

CTT

TTA

<latexit sha1_base64="tGRce0Mx8QDpsy9kCfWu/2w6ev8=">AAAB6nicbVBNS8NAEJ3UrxqtVj16WSwFTyUpoj0WBfFY0X5AG8pmu2mXbjZhdyOU0J/gxYMiXsUf4k/w5r9x0/agrQ8GHu/NMDPPjzlT2nG+rdza+sbmVn7b3tkt7O0XDw5bKkokoU0S8Uh2fKwoZ4I2NdOcdmJJcehz2vbHV5nffqBSsUjc60lMvRAPBQsYwdpId5f9ar9YcirODGiVuAtSqhc+k/K1/dHoF796g4gkIRWacKxU13Vi7aVYakY4ndq9RNEYkzEe0q6hAodUeens1CkqG2WAgkiaEhrN1N8TKQ6VmoS+6QyxHqllLxP/87qJDmpeykScaCrIfFGQcKQjlP2NBkxSovnEEEwkM7ciMsISE23SsU0I7vLLq6RVrbjnlbNbk0YN5sjDMZzAKbhwAXW4gQY0gcAQHuEZXixuPVmv1tu8NWctZo7gD6z3H0BFkAU=</latexit>

B2

General scheme for sparse matrices

sparse dense
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1

1
1

1
1

18

17

16

18

18

Indicator 
column

Non-zero

counts

TAA
TAT
GCT
AGC
GGC
CTT
TTA

18

17

16

18

18

Counts

<latexit sha1_base64="t/Kgg5P8aD4bVxOclkzWmi0owL0=">AAAB6nicbVDLSgNBEOz1GVejUY9eBkPAU9gV0RyDgniMaB6QLGF2MpsMmZldZmaFsOQTvHhQxKv4IX6CN//GyeOgiQUNRVU33V1hwpk2nvftrKyurW9s5rbc7Z387l5h/6Ch41QRWicxj1UrxJpyJmndMMNpK1EUi5DTZji8mvjNB6o0i+W9GSU0ELgvWcQINla6u+z63ULRK3tToGXiz0mxmv9MS9fuR61b+Or0YpIKKg3hWOu27yUmyLAyjHA6djuppgkmQ9ynbUslFlQH2fTUMSpZpYeiWNmSBk3V3xMZFlqPRGg7BTYDvehNxP+8dmqiSpAxmaSGSjJbFKUcmRhN/kY9pigxfGQJJorZWxEZYIWJsem4NgR/8eVl0jgt++fls1ubRgVmyMERHMMJ+HABVbiBGtSBQB8e4RleHO48Oa/O26x1xZnPHMIfOO8/PsGQBA==</latexit>

B1

<latexit sha1_base64="FgTDwJFnWcYbdK803aknYvOYUic=">AAAB6nicbVDLSgNBEOz1GVejUY9eBkPAU9gV0RwjgniMaB6QLGF2MpsMmZldZmaFsOQTvHhQxKv4IX6CN//GyeOgiQUNRVU33V1hwpk2nvftrKyurW9s5rbc7Z387l5h/6Ch41QRWicxj1UrxJpyJmndMMNpK1EUi5DTZji8mvjNB6o0i+W9GSU0ELgvWcQINla6u+z63ULRK3tToGXiz0mxmv9MS9fuR61b+Or0YpIKKg3hWOu27yUmyLAyjHA6djuppgkmQ9ynbUslFlQH2fTUMSpZpYeiWNmSBk3V3xMZFlqPRGg7BTYDvehNxP+8dmqiSpAxmaSGSjJbFKUcmRhN/kY9pigxfGQJJorZWxEZYIWJsem4NgR/8eVl0jgt++fls1ubRgVmyMERHMMJ+HABVbiBGtSBQB8e4RleHO48Oa/O26x1xZnPHMIfOO8/PTuQAw==</latexit>

A1

<latexit sha1_base64="RpQGtrc7IvVmNYvdX2nTsA1K1VI=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdEbURgzaWCZgLJEuYnZxNxsxemJkVwpInsLFQxFYfxt5GfBsniYUm/jDw8f/nMOccPxFcacf5snILi0vLK/lVe219Y3OrsL1TV3EqGdZYLGLZ9KlCwSOsaa4FNhOJNPQFNvzB1Thv3KFUPI5u9DBBL6S9iAecUW2sKu8Uik7JmYjMg/sDxYt3+zx5+7QrncJHuxuzNMRIM0GVarlOor2MSs2ZwJHdThUmlA1oD1sGIxqi8rLJoCNyYJwuCWJpXqTJxP3dkdFQqWHom8qQ6r6azcbmf1kr1cGZl/EoSTVGbPpRkAqiYzLemnS5RKbF0ABlkptZCetTSZk2t7HNEdzZleehflRyT0rHVadYvoSp8rAH+3AILpxCGa6hAjVggHAPj/Bk3VoP1rP1Mi3NWT89u/BH1us3MgGQMw==</latexit>

i

Representation of one column with integers
<latexit sha1_base64="NtB909QBEAKKxsy4u8OKmkGTnoU=">AAAB6nicbVDLSgNBEOz1GVejUY9eBkPAU9gV0RwDgnjwENE8IFnC7GQ2GTIzu8zMCmHJJ3jxoIhX8UP8BG/+jZPHQRMLGoqqbrq7woQzbTzv21lZXVvf2Mxtuds7+d29wv5BQ8epIrROYh6rVog15UzSumGG01aiKBYhp81weDnxmw9UaRbLezNKaCBwX7KIEWysdHfT9buFolf2pkDLxJ+TYjX/mZau3I9at/DV6cUkFVQawrHWbd9LTJBhZRjhdOx2Uk0TTIa4T9uWSiyoDrLpqWNUskoPRbGyJQ2aqr8nMiy0HonQdgpsBnrRm4j/ee3URJUgYzJJDZVktihKOTIxmvyNekxRYvjIEkwUs7ciMsAKE2PTcW0I/uLLy6RxWvbPy2e3No0KzJCDIziGE/DhAqpwDTWoA4E+PMIzvDjceXJenbdZ64oznzmEP3DefwBN/ZAO</latexit>

L1

<latexit sha1_base64="K3USz6SnBLh3EiDHzEawoojWwWU=">AAAB+3icbVDLSsNAFJ3UV1tfsW4EN8EiVJCSiGiXpW5cVrAPaEOZTKft0MkkzNxIawj4JW5cKOJK8EfcCX6M08dCWw9cOJxzL/fe44WcKbDtLyO1srq2vpHOZDe3tnd2zb1cXQWRJLRGAh7IpocV5UzQGjDgtBlKin2P04Y3vJr4jTsqFQvELYxD6vq4L1iPEQxa6pi5NtARxBKLYVKodJxTdtIx83bRnsJaJs6c5MsH99+Zh/dKtWN+trsBiXwqgHCsVMuxQ3BjLIERTpNsO1I0xGSI+7SlqcA+VW48vT2xjrXStXqB1CXAmqq/J2LsKzX2Pd3pYxioRW8i/ue1IuiV3JiJMAIqyGxRL+IWBNYkCKvLJCXAx5pgIpm+1SIDLDEBHVdWh+AsvrxM6mdF56J4fqPTKKEZ0ugQHaECctAlKqNrVEU1RNAIPaJn9GIkxpPxarzNWlPGfGYf/YHx8QNxzpcC</latexit>

rank(B1, i)

Method
1. One column with integers (k-mer abundances)

GCT TTA

TAT

TAA

AGC

GGC

CTT

L1: 17

L1: 16

L1: 18

L1: 18 L1: 18
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2. One column with integer tuples (k-mer coordinates)

Indicator

column Attribute


values
Delimiters

2

6

10

4

8

3

7

11

1

2

1

3

6 10

k-mer coordinates

7 11

AGC
TTC

CAT
ACT
CCT
GCT

GTA
CTA
TAA
AAA

TAG

4 8

5 9

1

1

1

1

1
5

9

1

1

1

1

1

<latexit sha1_base64="RpQGtrc7IvVmNYvdX2nTsA1K1VI=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdEbURgzaWCZgLJEuYnZxNxsxemJkVwpInsLFQxFYfxt5GfBsniYUm/jDw8f/nMOccPxFcacf5snILi0vLK/lVe219Y3OrsL1TV3EqGdZYLGLZ9KlCwSOsaa4FNhOJNPQFNvzB1Thv3KFUPI5u9DBBL6S9iAecUW2sKu8Uik7JmYjMg/sDxYt3+zx5+7QrncJHuxuzNMRIM0GVarlOor2MSs2ZwJHdThUmlA1oD1sGIxqi8rLJoCNyYJwuCWJpXqTJxP3dkdFQqWHom8qQ6r6azcbmf1kr1cGZl/EoSTVGbPpRkAqiYzLemnS5RKbF0ABlkptZCetTSZk2t7HNEdzZleehflRyT0rHVadYvoSp8rAH+3AILpxCGa6hAjVggHAPj/Bk3VoP1rP1Mi3NWT89u/BH1us3MgGQMw==</latexit>

i

<latexit sha1_base64="yRRQ5vKd2FE7IWMbv4DyI2IW2t4=">AAAB6nicbVDLSgNBEOz1GVejUY9eBkPAU9gV0RwDiniMaB6QLGF2MpsMmZldZmaFsOQTvHhQxKv4IX6CN//GyeOgiQUNRVU33V1hwpk2nvftrKyurW9s5rbc7Z387l5h/6Ch41QRWicxj1UrxJpyJmndMMNpK1EUi5DTZji8nPjNB6o0i+W9GSU0ELgvWcQINla6u+r63ULRK3tToGXiz0mxmv9MS9fuR61b+Or0YpIKKg3hWOu27yUmyLAyjHA6djuppgkmQ9ynbUslFlQH2fTUMSpZpYeiWNmSBk3V3xMZFlqPRGg7BTYDvehNxP+8dmqiSpAxmaSGSjJbFKUcmRhN/kY9pigxfGQJJorZWxEZYIWJsem4NgR/8eVl0jgt++fls1ubRgVmyMERHMMJ+HABVbiBGtSBQB8e4RleHO48Oa/O26x1xZnPHMIfOO8/Qc2QBg==</latexit>

D1

<latexit sha1_base64="t/Kgg5P8aD4bVxOclkzWmi0owL0=">AAAB6nicbVDLSgNBEOz1GVejUY9eBkPAU9gV0RyDgniMaB6QLGF2MpsMmZldZmaFsOQTvHhQxKv4IX6CN//GyeOgiQUNRVU33V1hwpk2nvftrKyurW9s5rbc7Z387l5h/6Ch41QRWicxj1UrxJpyJmndMMNpK1EUi5DTZji8mvjNB6o0i+W9GSU0ELgvWcQINla6u+z63ULRK3tToGXiz0mxmv9MS9fuR61b+Or0YpIKKg3hWOu27yUmyLAyjHA6djuppgkmQ9ynbUslFlQH2fTUMSpZpYeiWNmSBk3V3xMZFlqPRGg7BTYDvehNxP+8dmqiSpAxmaSGSjJbFKUcmRhN/kY9pigxfGQJJorZWxEZYIWJsem4NgR/8eVl0jgt++fls1ubRgVmyMERHMMJ+HABVbiBGtSBQB8e4RleHO48Oa/O26x1xZnPHMIfOO8/PsGQBA==</latexit>

B1 <latexit sha1_base64="FgTDwJFnWcYbdK803aknYvOYUic=">AAAB6nicbVDLSgNBEOz1GVejUY9eBkPAU9gV0RwjgniMaB6QLGF2MpsMmZldZmaFsOQTvHhQxKv4IX6CN//GyeOgiQUNRVU33V1hwpk2nvftrKyurW9s5rbc7Z387l5h/6Ch41QRWicxj1UrxJpyJmndMMNpK1EUi5DTZji8mvjNB6o0i+W9GSU0ELgvWcQINla6u+z63ULRK3tToGXiz0mxmv9MS9fuR61b+Or0YpIKKg3hWOu27yUmyLAyjHA6djuppgkmQ9ynbUslFlQH2fTUMSpZpYeiWNmSBk3V3xMZFlqPRGg7BTYDvehNxP+8dmqiSpAxmaSGSjJbFKUcmRhN/kY9pigxfGQJJorZWxEZYIWJsem4NgR/8eVl0jgt++fls1ubRgVmyMERHMMJ+HABVbiBGtSBQB8e4RleHO48Oa/O26x1xZnPHMIfOO8/PTuQAw==</latexit>

A1

Representation of one column with sets, e.g., k-mer coordinates
<latexit sha1_base64="NtB909QBEAKKxsy4u8OKmkGTnoU=">AAAB6nicbVDLSgNBEOz1GVejUY9eBkPAU9gV0RwDgnjwENE8IFnC7GQ2GTIzu8zMCmHJJ3jxoIhX8UP8BG/+jZPHQRMLGoqqbrq7woQzbTzv21lZXVvf2Mxtuds7+d29wv5BQ8epIrROYh6rVog15UzSumGG01aiKBYhp81weDnxmw9UaRbLezNKaCBwX7KIEWysdHfT9buFolf2pkDLxJ+TYjX/mZau3I9at/DV6cUkFVQawrHWbd9LTJBhZRjhdOx2Uk0TTIa4T9uWSiyoDrLpqWNUskoPRbGyJQ2aqr8nMiy0HonQdgpsBnrRm4j/ee3URJUgYzJJDZVktihKOTIxmvyNekxRYvjIEkwUs7ciMsAKE2PTcW0I/uLLy6RxWvbPy2e3No0KzJCDIziGE/DhAqpwDTWoA4E+PMIzvDjceXJenbdZ64oznzmEP3DefwBN/ZAO</latexit>

L1

<latexit sha1_base64="wa2soX7uL1NyT1vDzOMPK27zEH8=">AAACDnicbVDLSgMxFM34bOur6kZwM1gKLUiZEdEuS3XhsoJ9QDuUTJq2oZnMkNwR6zDg3o2/ogsXirh17U7wY0wfC209EDg5596b3OMGnCmwrC9jYXFpeWU1kUytrW9sbqW3d2rKDyWhVeJzXzZcrChnglaBAaeNQFLsuZzW3cHZyK9fU6mYL65gGFDHwz3Buoxg0FI7nW0BvYFID6AE4tx52z6cKBKLQZwr6zvL59vpjFWwxjDniT0lmdLe7Xfy7qlcaac/Wx2fhB4VQDhWqmlbATgRlsAIp3GqFSoaYDLAPdrUVGCPKicarxObWa10zK4v9RFgjtXfHRH2lBp6rq70MPTVrDcS//OaIXSLTsREEAIVZPJQN+Qm+OYoG7PDpE6BDzXBRDL9V5P0scQEdIIpHYI9u/I8qR0V7JPC8aVOo4gmSKB9dIByyEanqIQuUAVVEUH36BG9oFfjwXg23oz3SemCMe3ZRX9gfPwAdryeqg==</latexit>

select(D1, rank(B1, i))

Method

{1} {2,6,10}

{3,7,11}

{4,8}

{5,9}ACT

TAG

AGCCTA

GCT

AAA TAA
GTA

TTC
CAT

CCT

11



Exploiting regularities

GCT TTA

TAT

TAA

AGC

GGC

CTT

L1: 17

L1: 16

L1: 18

L1: 18 L1: 18

k-mer abundances

Observe regularities:
• Abundances of neighboring k-mers are often similar
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k-mer abundances

Observe regularities:
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• Coordinates for adjacent k-mers always differ by +1

Idea
Generalize the RowDiff scheme
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ACTAGCTAGCTAG

A.  Enumeration of k-mers

{1} {2,6,10}

{3,7,11}

{4,8}

{5,9}ACT

TAG

AGCCTA

GCT

B.  Delta-coding of coordinate annotations (sets)

Delta coding for k-mer coordinates

1:ACT
2:CTA
3:TAG
4:AGC
5:GCT
6:CTA
7:TAG

8:AGC
9:GCT
10:CTA
11:TAG
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B.  Delta-coding of coordinate annotations (sets)
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Add +1 to all
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L(v), L�(v) 2 2N

<latexit sha1_base64="pUNGkzpnKRgxa0K3SLr5nYLkeLo="></latexit>

L�(v) := (L(v)� 1)�L(vsucc)

{}

Delta coding for k-mer coordinates

1:ACT
2:CTA
3:TAG
4:AGC
5:GCT
6:CTA
7:TAG

8:AGC
9:GCT
10:CTA
11:TAG

{2,6,10}

{3,7,11}

{4,8}

GCT

ACT

<latexit sha1_base64="X+cqErrtrjgEaSFJYNztM3O9zW4="></latexit>

L(v) = (L�(v)�L(vsucc)) 1Decoding:
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Delta coding for k-mer abundances

L1: 18

L2: 10

L3: 15

L1: 17

L2: 11

L2: 10

L1: 18

L3: 15

L1: 18

L2: 11
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TATAGC

CTT

TAA

L2: ..

L2: 10
L1: -1

L2: 1

L3: -15

GGC

L2: 11

L1: 16

AGC
<latexit sha1_base64="xhctMJt4MzvM/kQ/mk1RS8gujYg="></latexit>

L�(v) := L(v)� L(vsucc)
Invertible sparsification of abundances
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Delta coding for k-mer abundances
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Delta coding for k-mer abundances
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[Brisaboa et al., 2013]
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Method

15

Repository: github.com/ratschlab/counting_dbg


Implemented within the MetaGraph framework

• Succinct graph representations (based on the BOSS table)

• Graph annotation representations (e.g., Multi-BRWT)

• Hybrid bit vector representations

• Procedures for query and alignment


Base succinct data structures from sdsl-lite (Succinct Data Structure Library)

• Compressed and packed bitmaps

• Compressed integer arrays (sdsl::dac_vector_dp<>)

Counting DBG: Implementation

https://github.com/ratschlab/counting_dbg
https://github.com/ratschlab/metagraph
https://github.com/simongog/sdsl-lite


Experiments
1. Indexing k-mer abundances


2. Indexing k-mer coordinates


• Encoding traces for lossless indexing of sequences

• Trace Consistent Graph Alignment (TCG-Aligner)



Indexing k-mer abundances

17

On querying 100 random human transcripts (≈ 90 kbp in total)

Data: 2,586 Illumina RNA-Seq read sets*

(excluding index loading)

* read sets from [Solomon and Kingsford, 2018]



Indexing k-mer abundances

17

• Generates 5x smaller representations and uses 8x less RAM

On querying 100 random human transcripts (≈ 90 kbp in total)

Data: 2,586 Illumina RNA-Seq read sets*

(excluding index loading)

* read sets from [Solomon and Kingsford, 2018]



Indexing k-mer abundances

17

• Generates 5x smaller representations and uses 8x less RAM

• 3-5x faster to query

On querying 100 random human transcripts (≈ 90 kbp in total)

Data: 2,586 Illumina RNA-Seq read sets*

(excluding index loading)

* read sets from [Solomon and Kingsford, 2018]



Experiments
1. Indexing k-mer abundances


2. Indexing k-mer coordinates


• Encoding traces for lossless indexing of sequences

• Trace Consistent Graph Alignment (TCG-Aligner)



Trace Consistent Graph (TCG-) Aligner

19

Uses seed-chain-extend approach:

1. Find seeds of size k or less


2. Chaining (inspired by Minimap2 [Li, 2018])

• DP table for pairs (seed, coordinate) sorted by coordinates


• Dynamic Programming + Backtracking


3. Extension algorithm

• generalization of Needleman-Wunsch algorithm


• similar to the MetaGraph aligner [Karasikov et al., 2020]

Sequence alignment on top of Counting DBG with k-mer coordinates



Alignment accuracy

20

Alignment accuracy for Counting DBG and state-of-the-art aligners on simulated Illumina- and PacBio-type reads (E. coli NC 000913.3 and 
human chr22). The edit distance is measured between the alignment (the returned path in the graph) and the ground truth sequence. In the top left 
subplot, the curves of vg- and TCG-Aligner are superimposed.

Evaluation approach:

1. Index references


2. Simulate reads from the 
same references


3. Align reads and measure 
distance between the 
alignments and their 
generating references



21

The alignment speed was measured on reads taken from a metagenomic sequencing sample SRR10002688_1.
(*) For aligning single reads, the experiment is independently performed for the 100 first reads and the average 
time and RAM usage are presented. 

Lossless indexing of RefSeq
RefSeq (33M accessions, 1.7 Tbp, 483 GB)
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The alignment speed was measured on reads taken from a metagenomic sequencing sample SRR10002688_1.
(*) For aligning single reads, the experiment is independently performed for the 100 first reads and the average 
time and RAM usage are presented. 

Lossless indexing of RefSeq
RefSeq (33M accessions, 1.7 Tbp, 483 GB)



Query Delta variant of SARS-CoV-2

22

Coordinates allow retrieving not only the number of read sets (left) but also single reads (right)

re
ad

 s
et

s

1. Constructed a joint index of all 152,884 viral PacBio SMRT read sets from SRA


2. Assembled a list of 9 defining mutations of the SARS-CoV-2 21A (Delta) variant spike protein


3. Retrieve all the occurrences of these specific mutations within the reads (took under 4 min)



Conclusion

23

Counting de Bruijn Graphs naturally generalize Annotated de Bruijn graphs


1. Allow efficiently encoding non-binary annotations, e.g.:

• k-mer abundances 
• k-mer coordinates


2. Scales to very large graphs 
• constructs in linear time and constant memory


3. Future directions, possible applications:

• indexing and querying k-mer abundances (gene expression levels)

• can be used as a backend for aligners (such as BLAST)

• alignment with different error models (using k-mer abundances)

The work will soon to be published in journal Genome Research



Backup slides



Lossless indexing of k-mer coordinates

25

Dependence on k-mer length
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Lossless indexing of k-mer coordinates

25

Dependence on k-mer length

1. For low-error reads (HiFi), annotation is tiny compared to graph
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Lossless indexing of k-mer coordinates

25

Dependence on k-mer length

1. For low-error reads (HiFi), annotation is tiny compared to graph

2. Index size does not increase for larger values of k even for short Illumina reads
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Construction time
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Alignment performance
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Data

28

>OK091006.1:21536-25357:27-85

ACTAGTCTCTAGTCAGTGTGTTAATCTTAGAACCAGAACTCAATTACCCCCTGCATACA

>OK091006.1:21536-25357:444-502

CAACAAAAGTTGGATGGAAAGTGGAGTTTATTCTAGTGCGAATAATTGCACTT

>OK091006.1:21536-25357:1326-1384

TTCTAAGGTTGGTGGTAATTATAATTACCGGTATAGATTGTTTAGGAAGTCTAATCTCA

>OK091006.1:21536-25357:1404-1462

TTCAACTGAAATCTATCAGGCCGGTAGCAAACCTTGTAATGGTGTTGAAGGTTTTAATT

>OK091006.1:21536-25357:1812-1870

TTCTAACCAGGTTGCTGTTCTTTATCAGGGTGTTAACTGCACAGAAGTCCCTGTTGCTA

>OK091006.1:21536-25357:2013-2071

CGCTAGTTATCAGACTCAGACTAATTCTCGTCGGCGGGCACGTAGTGTAGCTAGTCAAT

>OK091006.1:21536-25357:2820-2878

CACAGCAAGTGCACTTGGAAAACTTCAAAATGTGGTCAACCAAAATGCACAAGCTTTAA

Nine defining Delta gene variants of the SARS-CoV-2 spike protein
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1. Column-major sparse representation
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Columns are stored independently as compressed bitmaps

(e.g. sd_vector [Okanohara et al., 2007])

1. Column-major sparse representation
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1. Column-major sparse representation
2. Multi-BRWT [Karasikov et al., 2019]
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1. Column-major sparse representation
2. Multi-BRWT [Karasikov et al., 2019]
3. RowFlat (employed in VARI [Muggli et al., 2017])
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1. Column-major sparse representation
2. Multi-BRWT [Karasikov et al., 2019]
3. RowFlat (employed in VARI [Muggli et al., 2017])

29

Background
Graph annotation representations

1
1

1 1
1

1
1 1
1 1

L1 L2

1

1

L3

Concatenate all rows and compress in a bitmap

(e.g. sd_vector [Okanohara et al., 2007])
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1. Column-major sparse representation
2. Multi-BRWT [Karasikov et al., 2019]
3. RowFlat (employed in VARI [Muggli et al., 2017])
4. Rainbowfish [Almodaresi et al., 2017]
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3. RowFlat (employed in VARI [Muggli et al., 2017])
4. Rainbowfish [Almodaresi et al., 2017]
5. Mantis-MST [Almodaresi et al., 2019]
6. RowDiff [Danciu et al., 2021]
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