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ComHapDet - A Spatial Community Detection 
Algorithm for Haplotype Assembly



Genetic Variations
Different organisms of a species have similar genomes. 

Understanding this has effect on human health and medical treatments

1 SNP in ~ 1000 nucleotides

Risk to hereditary diseases, effect of drugs on individuals
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Genetic Variations in Humans
Humans are diploid - chromosomes come in pairs

A Single Individual’s genome

SNP locations are heterozygous 
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Genetic Variations in Humans
Humans are diploid - chromosomes come in pairs

A Single Individual’s genome

SNP locations are heterozygous 

The complete information is provided by Haplotypes
In this ex - (A,C,G) and (G,G,A)
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Genetic Variations in Humans
Humans are diploid - chromosomes come in pairs

A Single Individual’s genome

SNP locations are heterozygous 

Haplotype Assembly - Reconstruct haplotypes from paired-end reads

The complete information is provided by Haplotypes
In this ex - (A,C,G) and (G,G,A)
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Haplotype Assembly - Problem

0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 01 1 1 1 1 1 1

1111111111 s
<latexit sha1_base64="J6xFw90Z2QEOsXZN4W7UZxGyO0g=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhZmaDas2tu3OQVeIVpAYFmoPqV38YszTiCpmkxvQ8N0E/oxoFk3xW6aeGJ5RN6Ij3LFU04sbP5oln5MwqQxLG2j6FZK7+3shoZMw0CuxkntAse7n4n9dLMbz2M6GSFLlii4/CVBKMSX4+GQrNGcqpJZRpYbMSNqaaMrQlVWwJ3vLJq6R9Uffcund/WWvcFHWU4QRO4Rw8uIIG3EETWsBAwTO8wptjnBfn3flYjJacYucY/sD5/AH1oJEX</latexit><latexit sha1_base64="J6xFw90Z2QEOsXZN4W7UZxGyO0g=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhZmaDas2tu3OQVeIVpAYFmoPqV38YszTiCpmkxvQ8N0E/oxoFk3xW6aeGJ5RN6Ij3LFU04sbP5oln5MwqQxLG2j6FZK7+3shoZMw0CuxkntAse7n4n9dLMbz2M6GSFLlii4/CVBKMSX4+GQrNGcqpJZRpYbMSNqaaMrQlVWwJ3vLJq6R9Uffcund/WWvcFHWU4QRO4Rw8uIIG3EETWsBAwTO8wptjnBfn3flYjJacYucY/sD5/AH1oJEX</latexit><latexit sha1_base64="J6xFw90Z2QEOsXZN4W7UZxGyO0g=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhZmaDas2tu3OQVeIVpAYFmoPqV38YszTiCpmkxvQ8N0E/oxoFk3xW6aeGJ5RN6Ij3LFU04sbP5oln5MwqQxLG2j6FZK7+3shoZMw0CuxkntAse7n4n9dLMbz2M6GSFLlii4/CVBKMSX4+GQrNGcqpJZRpYbMSNqaaMrQlVWwJ3vLJq6R9Uffcund/WWvcFHWU4QRO4Rw8uIIG3EETWsBAwTO8wptjnBfn3flYjJacYucY/sD5/AH1oJEX</latexit><latexit sha1_base64="J6xFw90Z2QEOsXZN4W7UZxGyO0g=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhZmaDas2tu3OQVeIVpAYFmoPqV38YszTiCpmkxvQ8N0E/oxoFk3xW6aeGJ5RN6Ij3LFU04sbP5oln5MwqQxLG2j6FZK7+3shoZMw0CuxkntAse7n4n9dLMbz2M6GSFLlii4/CVBKMSX4+GQrNGcqpJZRpYbMSNqaaMrQlVWwJ3vLJq6R9Uffcund/WWvcFHWU4QRO4Rw8uIIG3EETWsBAwTO8wptjnBfn3flYjJacYucY/sD5/AH1oJEX</latexit>

sc
<latexit sha1_base64="4VP6S1it5Tc17EBEy6QMMJXSu88=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaacmkmTY0yQxJRinD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTxq6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMb3O/80iVZpF8MLOY+gKPJQsZwcZKg77AZhKEqc4GKcmG1Zpbd+dAq8QrSA0KNIfVr/4oIomg0hCOte55bmz8FCvDCKdZpZ9oGmMyxWPas1RiQbWfzlNn6MwqIxRGyj5p0Fz9vZFiofVMBHYyT6mXvVz8z+slJrz2UybjxFBJFofChCMTobwCNGKKEsNnlmCimM2KyAQrTIwtqmJL8Ja/vEraF3XPrXv3l7XGTVFHGU7gFM7BgytowB00oQUEFDzDK7w5T86L8+58LEZLTrFzDH/gfP4AOXuS+A==</latexit><latexit sha1_base64="4VP6S1it5Tc17EBEy6QMMJXSu88=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaacmkmTY0yQxJRinD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTxq6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMb3O/80iVZpF8MLOY+gKPJQsZwcZKg77AZhKEqc4GKcmG1Zpbd+dAq8QrSA0KNIfVr/4oIomg0hCOte55bmz8FCvDCKdZpZ9oGmMyxWPas1RiQbWfzlNn6MwqIxRGyj5p0Fz9vZFiofVMBHYyT6mXvVz8z+slJrz2UybjxFBJFofChCMTobwCNGKKEsNnlmCimM2KyAQrTIwtqmJL8Ja/vEraF3XPrXv3l7XGTVFHGU7gFM7BgytowB00oQUEFDzDK7w5T86L8+58LEZLTrFzDH/gfP4AOXuS+A==</latexit><latexit sha1_base64="4VP6S1it5Tc17EBEy6QMMJXSu88=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaacmkmTY0yQxJRinD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTxq6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMb3O/80iVZpF8MLOY+gKPJQsZwcZKg77AZhKEqc4GKcmG1Zpbd+dAq8QrSA0KNIfVr/4oIomg0hCOte55bmz8FCvDCKdZpZ9oGmMyxWPas1RiQbWfzlNn6MwqIxRGyj5p0Fz9vZFiofVMBHYyT6mXvVz8z+slJrz2UybjxFBJFofChCMTobwCNGKKEsNnlmCimM2KyAQrTIwtqmJL8Ja/vEraF3XPrXv3l7XGTVFHGU7gFM7BgytowB00oQUEFDzDK7w5T86L8+58LEZLTrFzDH/gfP4AOXuS+A==</latexit><latexit sha1_base64="4VP6S1it5Tc17EBEy6QMMJXSu88=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaacmkmTY0yQxJRinD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTxq6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMb3O/80iVZpF8MLOY+gKPJQsZwcZKg77AZhKEqc4GKcmG1Zpbd+dAq8QrSA0KNIfVr/4oIomg0hCOte55bmz8FCvDCKdZpZ9oGmMyxWPas1RiQbWfzlNn6MwqIxRGyj5p0Fz9vZFiofVMBHYyT6mXvVz8z+slJrz2UybjxFBJFofChCMTobwCNGKKEsNnlmCimM2KyAQrTIwtqmJL8Ja/vEraF3XPrXv3l7XGTVFHGU7gFM7BgytowB00oQUEFDzDK7w5T86L8+58LEZLTrFzDH/gfP4AOXuS+A==</latexit>

Each paired-read consists of 


• The underlying string     or      that is unknown


• A set of locations that is known


• Noisy measurement of the unknown chosen string at the known 
chosen locations 

sc
<latexit sha1_base64="4VP6S1it5Tc17EBEy6QMMJXSu88=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaacmkmTY0yQxJRinD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTxq6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMb3O/80iVZpF8MLOY+gKPJQsZwcZKg77AZhKEqc4GKcmG1Zpbd+dAq8QrSA0KNIfVr/4oIomg0hCOte55bmz8FCvDCKdZpZ9oGmMyxWPas1RiQbWfzlNn6MwqIxRGyj5p0Fz9vZFiofVMBHYyT6mXvVz8z+slJrz2UybjxFBJFofChCMTobwCNGKKEsNnlmCimM2KyAQrTIwtqmJL8Ja/vEraF3XPrXv3l7XGTVFHGU7gFM7BgytowB00oQUEFDzDK7w5T86L8+58LEZLTrFzDH/gfP4AOXuS+A==</latexit><latexit sha1_base64="4VP6S1it5Tc17EBEy6QMMJXSu88=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaacmkmTY0yQxJRinD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTxq6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMb3O/80iVZpF8MLOY+gKPJQsZwcZKg77AZhKEqc4GKcmG1Zpbd+dAq8QrSA0KNIfVr/4oIomg0hCOte55bmz8FCvDCKdZpZ9oGmMyxWPas1RiQbWfzlNn6MwqIxRGyj5p0Fz9vZFiofVMBHYyT6mXvVz8z+slJrz2UybjxFBJFofChCMTobwCNGKKEsNnlmCimM2KyAQrTIwtqmJL8Ja/vEraF3XPrXv3l7XGTVFHGU7gFM7BgytowB00oQUEFDzDK7w5T86L8+58LEZLTrFzDH/gfP4AOXuS+A==</latexit><latexit sha1_base64="4VP6S1it5Tc17EBEy6QMMJXSu88=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaacmkmTY0yQxJRinD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTxq6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMb3O/80iVZpF8MLOY+gKPJQsZwcZKg77AZhKEqc4GKcmG1Zpbd+dAq8QrSA0KNIfVr/4oIomg0hCOte55bmz8FCvDCKdZpZ9oGmMyxWPas1RiQbWfzlNn6MwqIxRGyj5p0Fz9vZFiofVMBHYyT6mXvVz8z+slJrz2UybjxFBJFofChCMTobwCNGKKEsNnlmCimM2KyAQrTIwtqmJL8Ja/vEraF3XPrXv3l7XGTVFHGU7gFM7BgytowB00oQUEFDzDK7w5T86L8+58LEZLTrFzDH/gfP4AOXuS+A==</latexit><latexit sha1_base64="4VP6S1it5Tc17EBEy6QMMJXSu88=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaacmkmTY0yQxJRinD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTxq6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMb3O/80iVZpF8MLOY+gKPJQsZwcZKg77AZhKEqc4GKcmG1Zpbd+dAq8QrSA0KNIfVr/4oIomg0hCOte55bmz8FCvDCKdZpZ9oGmMyxWPas1RiQbWfzlNn6MwqIxRGyj5p0Fz9vZFiofVMBHYyT6mXvVz8z+slJrz2UybjxFBJFofChCMTobwCNGKKEsNnlmCimM2KyAQrTIwtqmJL8Ja/vEraF3XPrXv3l7XGTVFHGU7gFM7BgytowB00oQUEFDzDK7w5T86L8+58LEZLTrFzDH/gfP4AOXuS+A==</latexit>

s
<latexit sha1_base64="J6xFw90Z2QEOsXZN4W7UZxGyO0g=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhZmaDas2tu3OQVeIVpAYFmoPqV38YszTiCpmkxvQ8N0E/oxoFk3xW6aeGJ5RN6Ij3LFU04sbP5oln5MwqQxLG2j6FZK7+3shoZMw0CuxkntAse7n4n9dLMbz2M6GSFLlii4/CVBKMSX4+GQrNGcqpJZRpYbMSNqaaMrQlVWwJ3vLJq6R9Uffcund/WWvcFHWU4QRO4Rw8uIIG3EETWsBAwTO8wptjnBfn3flYjJacYucY/sD5/AH1oJEX</latexit><latexit sha1_base64="J6xFw90Z2QEOsXZN4W7UZxGyO0g=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhZmaDas2tu3OQVeIVpAYFmoPqV38YszTiCpmkxvQ8N0E/oxoFk3xW6aeGJ5RN6Ij3LFU04sbP5oln5MwqQxLG2j6FZK7+3shoZMw0CuxkntAse7n4n9dLMbz2M6GSFLlii4/CVBKMSX4+GQrNGcqpJZRpYbMSNqaaMrQlVWwJ3vLJq6R9Uffcund/WWvcFHWU4QRO4Rw8uIIG3EETWsBAwTO8wptjnBfn3flYjJacYucY/sD5/AH1oJEX</latexit><latexit sha1_base64="J6xFw90Z2QEOsXZN4W7UZxGyO0g=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhZmaDas2tu3OQVeIVpAYFmoPqV38YszTiCpmkxvQ8N0E/oxoFk3xW6aeGJ5RN6Ij3LFU04sbP5oln5MwqQxLG2j6FZK7+3shoZMw0CuxkntAse7n4n9dLMbz2M6GSFLlii4/CVBKMSX4+GQrNGcqpJZRpYbMSNqaaMrQlVWwJ3vLJq6R9Uffcund/WWvcFHWU4QRO4Rw8uIIG3EETWsBAwTO8wptjnBfn3flYjJacYucY/sD5/AH1oJEX</latexit><latexit sha1_base64="J6xFw90Z2QEOsXZN4W7UZxGyO0g=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhZmaDas2tu3OQVeIVpAYFmoPqV38YszTiCpmkxvQ8N0E/oxoFk3xW6aeGJ5RN6Ij3LFU04sbP5oln5MwqQxLG2j6FZK7+3shoZMw0CuxkntAse7n4n9dLMbz2M6GSFLlii4/CVBKMSX4+GQrNGcqpJZRpYbMSNqaaMrQlVWwJ3vLJq6R9Uffcund/WWvcFHWU4QRO4Rw8uIIG3EETWsBAwTO8wptjnBfn3flYjJacYucY/sD5/AH1oJEX</latexit>

Read 1 - Positions - 2,10  Values:000,011

Reconstruct the string from noisy measurements

Humans are bi-alletic (binary alphabet)
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Haplotype Assembly - Problem

0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 01 1 1 1 1 1 1

1111111111 s
<latexit sha1_base64="J6xFw90Z2QEOsXZN4W7UZxGyO0g=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhZmaDas2tu3OQVeIVpAYFmoPqV38YszTiCpmkxvQ8N0E/oxoFk3xW6aeGJ5RN6Ij3LFU04sbP5oln5MwqQxLG2j6FZK7+3shoZMw0CuxkntAse7n4n9dLMbz2M6GSFLlii4/CVBKMSX4+GQrNGcqpJZRpYbMSNqaaMrQlVWwJ3vLJq6R9Uffcund/WWvcFHWU4QRO4Rw8uIIG3EETWsBAwTO8wptjnBfn3flYjJacYucY/sD5/AH1oJEX</latexit><latexit sha1_base64="J6xFw90Z2QEOsXZN4W7UZxGyO0g=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhZmaDas2tu3OQVeIVpAYFmoPqV38YszTiCpmkxvQ8N0E/oxoFk3xW6aeGJ5RN6Ij3LFU04sbP5oln5MwqQxLG2j6FZK7+3shoZMw0CuxkntAse7n4n9dLMbz2M6GSFLlii4/CVBKMSX4+GQrNGcqpJZRpYbMSNqaaMrQlVWwJ3vLJq6R9Uffcund/WWvcFHWU4QRO4Rw8uIIG3EETWsBAwTO8wptjnBfn3flYjJacYucY/sD5/AH1oJEX</latexit><latexit sha1_base64="J6xFw90Z2QEOsXZN4W7UZxGyO0g=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhZmaDas2tu3OQVeIVpAYFmoPqV38YszTiCpmkxvQ8N0E/oxoFk3xW6aeGJ5RN6Ij3LFU04sbP5oln5MwqQxLG2j6FZK7+3shoZMw0CuxkntAse7n4n9dLMbz2M6GSFLlii4/CVBKMSX4+GQrNGcqpJZRpYbMSNqaaMrQlVWwJ3vLJq6R9Uffcund/WWvcFHWU4QRO4Rw8uIIG3EETWsBAwTO8wptjnBfn3flYjJacYucY/sD5/AH1oJEX</latexit><latexit sha1_base64="J6xFw90Z2QEOsXZN4W7UZxGyO0g=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhZmaDas2tu3OQVeIVpAYFmoPqV38YszTiCpmkxvQ8N0E/oxoFk3xW6aeGJ5RN6Ij3LFU04sbP5oln5MwqQxLG2j6FZK7+3shoZMw0CuxkntAse7n4n9dLMbz2M6GSFLlii4/CVBKMSX4+GQrNGcqpJZRpYbMSNqaaMrQlVWwJ3vLJq6R9Uffcund/WWvcFHWU4QRO4Rw8uIIG3EETWsBAwTO8wptjnBfn3flYjJacYucY/sD5/AH1oJEX</latexit>

sc
<latexit sha1_base64="4VP6S1it5Tc17EBEy6QMMJXSu88=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaacmkmTY0yQxJRinD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTxq6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMb3O/80iVZpF8MLOY+gKPJQsZwcZKg77AZhKEqc4GKcmG1Zpbd+dAq8QrSA0KNIfVr/4oIomg0hCOte55bmz8FCvDCKdZpZ9oGmMyxWPas1RiQbWfzlNn6MwqIxRGyj5p0Fz9vZFiofVMBHYyT6mXvVz8z+slJrz2UybjxFBJFofChCMTobwCNGKKEsNnlmCimM2KyAQrTIwtqmJL8Ja/vEraF3XPrXv3l7XGTVFHGU7gFM7BgytowB00oQUEFDzDK7w5T86L8+58LEZLTrFzDH/gfP4AOXuS+A==</latexit><latexit sha1_base64="4VP6S1it5Tc17EBEy6QMMJXSu88=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaacmkmTY0yQxJRinD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTxq6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMb3O/80iVZpF8MLOY+gKPJQsZwcZKg77AZhKEqc4GKcmG1Zpbd+dAq8QrSA0KNIfVr/4oIomg0hCOte55bmz8FCvDCKdZpZ9oGmMyxWPas1RiQbWfzlNn6MwqIxRGyj5p0Fz9vZFiofVMBHYyT6mXvVz8z+slJrz2UybjxFBJFofChCMTobwCNGKKEsNnlmCimM2KyAQrTIwtqmJL8Ja/vEraF3XPrXv3l7XGTVFHGU7gFM7BgytowB00oQUEFDzDK7w5T86L8+58LEZLTrFzDH/gfP4AOXuS+A==</latexit><latexit sha1_base64="4VP6S1it5Tc17EBEy6QMMJXSu88=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaacmkmTY0yQxJRinD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTxq6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMb3O/80iVZpF8MLOY+gKPJQsZwcZKg77AZhKEqc4GKcmG1Zpbd+dAq8QrSA0KNIfVr/4oIomg0hCOte55bmz8FCvDCKdZpZ9oGmMyxWPas1RiQbWfzlNn6MwqIxRGyj5p0Fz9vZFiofVMBHYyT6mXvVz8z+slJrz2UybjxFBJFofChCMTobwCNGKKEsNnlmCimM2KyAQrTIwtqmJL8Ja/vEraF3XPrXv3l7XGTVFHGU7gFM7BgytowB00oQUEFDzDK7w5T86L8+58LEZLTrFzDH/gfP4AOXuS+A==</latexit><latexit sha1_base64="4VP6S1it5Tc17EBEy6QMMJXSu88=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaacmkmTY0yQxJRinD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTxq6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMb3O/80iVZpF8MLOY+gKPJQsZwcZKg77AZhKEqc4GKcmG1Zpbd+dAq8QrSA0KNIfVr/4oIomg0hCOte55bmz8FCvDCKdZpZ9oGmMyxWPas1RiQbWfzlNn6MwqIxRGyj5p0Fz9vZFiofVMBHYyT6mXvVz8z+slJrz2UybjxFBJFofChCMTobwCNGKKEsNnlmCimM2KyAQrTIwtqmJL8Ja/vEraF3XPrXv3l7XGTVFHGU7gFM7BgytowB00oQUEFDzDK7w5T86L8+58LEZLTrFzDH/gfP4AOXuS+A==</latexit>

Read 1 - Positions - 2,10  Values:000,011 
Read 2 - Positions - 4,11  Values:00,01 
Read 3 - Positions - 1,9   Values:0010,01101 
Read 4 - Positions - 2,11  Values:00011,01 

. 

. 

. 
Read m - Positions - 21,40.  Values:0,01100

Handle inaccuracies in practice (not necessarily 2 strands) in the sequel

4

Reconstruct the string from noisy measurements

In our work, we consider paired-end read measurements



Haplotype Assembly - Problem

0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 01 1 1 1 1 1 1

1111111111 s
<latexit sha1_base64="J6xFw90Z2QEOsXZN4W7UZxGyO0g=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhZmaDas2tu3OQVeIVpAYFmoPqV38YszTiCpmkxvQ8N0E/oxoFk3xW6aeGJ5RN6Ij3LFU04sbP5oln5MwqQxLG2j6FZK7+3shoZMw0CuxkntAse7n4n9dLMbz2M6GSFLlii4/CVBKMSX4+GQrNGcqpJZRpYbMSNqaaMrQlVWwJ3vLJq6R9Uffcund/WWvcFHWU4QRO4Rw8uIIG3EETWsBAwTO8wptjnBfn3flYjJacYucY/sD5/AH1oJEX</latexit><latexit sha1_base64="J6xFw90Z2QEOsXZN4W7UZxGyO0g=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhZmaDas2tu3OQVeIVpAYFmoPqV38YszTiCpmkxvQ8N0E/oxoFk3xW6aeGJ5RN6Ij3LFU04sbP5oln5MwqQxLG2j6FZK7+3shoZMw0CuxkntAse7n4n9dLMbz2M6GSFLlii4/CVBKMSX4+GQrNGcqpJZRpYbMSNqaaMrQlVWwJ3vLJq6R9Uffcund/WWvcFHWU4QRO4Rw8uIIG3EETWsBAwTO8wptjnBfn3flYjJacYucY/sD5/AH1oJEX</latexit><latexit sha1_base64="J6xFw90Z2QEOsXZN4W7UZxGyO0g=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhZmaDas2tu3OQVeIVpAYFmoPqV38YszTiCpmkxvQ8N0E/oxoFk3xW6aeGJ5RN6Ij3LFU04sbP5oln5MwqQxLG2j6FZK7+3shoZMw0CuxkntAse7n4n9dLMbz2M6GSFLlii4/CVBKMSX4+GQrNGcqpJZRpYbMSNqaaMrQlVWwJ3vLJq6R9Uffcund/WWvcFHWU4QRO4Rw8uIIG3EETWsBAwTO8wptjnBfn3flYjJacYucY/sD5/AH1oJEX</latexit><latexit sha1_base64="J6xFw90Z2QEOsXZN4W7UZxGyO0g=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhZmaDas2tu3OQVeIVpAYFmoPqV38YszTiCpmkxvQ8N0E/oxoFk3xW6aeGJ5RN6Ij3LFU04sbP5oln5MwqQxLG2j6FZK7+3shoZMw0CuxkntAse7n4n9dLMbz2M6GSFLlii4/CVBKMSX4+GQrNGcqpJZRpYbMSNqaaMrQlVWwJ3vLJq6R9Uffcund/WWvcFHWU4QRO4Rw8uIIG3EETWsBAwTO8wptjnBfn3flYjJacYucY/sD5/AH1oJEX</latexit>

sc
<latexit sha1_base64="4VP6S1it5Tc17EBEy6QMMJXSu88=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaacmkmTY0yQxJRinD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTxq6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMb3O/80iVZpF8MLOY+gKPJQsZwcZKg77AZhKEqc4GKcmG1Zpbd+dAq8QrSA0KNIfVr/4oIomg0hCOte55bmz8FCvDCKdZpZ9oGmMyxWPas1RiQbWfzlNn6MwqIxRGyj5p0Fz9vZFiofVMBHYyT6mXvVz8z+slJrz2UybjxFBJFofChCMTobwCNGKKEsNnlmCimM2KyAQrTIwtqmJL8Ja/vEraF3XPrXv3l7XGTVFHGU7gFM7BgytowB00oQUEFDzDK7w5T86L8+58LEZLTrFzDH/gfP4AOXuS+A==</latexit><latexit sha1_base64="4VP6S1it5Tc17EBEy6QMMJXSu88=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaacmkmTY0yQxJRinD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTxq6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMb3O/80iVZpF8MLOY+gKPJQsZwcZKg77AZhKEqc4GKcmG1Zpbd+dAq8QrSA0KNIfVr/4oIomg0hCOte55bmz8FCvDCKdZpZ9oGmMyxWPas1RiQbWfzlNn6MwqIxRGyj5p0Fz9vZFiofVMBHYyT6mXvVz8z+slJrz2UybjxFBJFofChCMTobwCNGKKEsNnlmCimM2KyAQrTIwtqmJL8Ja/vEraF3XPrXv3l7XGTVFHGU7gFM7BgytowB00oQUEFDzDK7w5T86L8+58LEZLTrFzDH/gfP4AOXuS+A==</latexit><latexit sha1_base64="4VP6S1it5Tc17EBEy6QMMJXSu88=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaacmkmTY0yQxJRinD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTxq6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMb3O/80iVZpF8MLOY+gKPJQsZwcZKg77AZhKEqc4GKcmG1Zpbd+dAq8QrSA0KNIfVr/4oIomg0hCOte55bmz8FCvDCKdZpZ9oGmMyxWPas1RiQbWfzlNn6MwqIxRGyj5p0Fz9vZFiofVMBHYyT6mXvVz8z+slJrz2UybjxFBJFofChCMTobwCNGKKEsNnlmCimM2KyAQrTIwtqmJL8Ja/vEraF3XPrXv3l7XGTVFHGU7gFM7BgytowB00oQUEFDzDK7w5T86L8+58LEZLTrFzDH/gfP4AOXuS+A==</latexit><latexit sha1_base64="4VP6S1it5Tc17EBEy6QMMJXSu88=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaacmkmTY0yQxJRinD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTxq6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMb3O/80iVZpF8MLOY+gKPJQsZwcZKg77AZhKEqc4GKcmG1Zpbd+dAq8QrSA0KNIfVr/4oIomg0hCOte55bmz8FCvDCKdZpZ9oGmMyxWPas1RiQbWfzlNn6MwqIxRGyj5p0Fz9vZFiofVMBHYyT6mXvVz8z+slJrz2UybjxFBJFofChCMTobwCNGKKEsNnlmCimM2KyAQrTIwtqmJL8Ja/vEraF3XPrXv3l7XGTVFHGU7gFM7BgytowB00oQUEFDzDK7w5T86L8+58LEZLTrFzDH/gfP4AOXuS+A==</latexit>

Fundamental and challenging problem in computational genomics

                     ( NP Hard [Bonnizzoni e.al. ’16])


Approximations and heuristics for binary alphabet - long history

Reconstruct the string from noisy paired-end read measurements
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Haplotype Assembly - Problem

0 2 3 2 3 0 0

1 3 0 0 2 0 3 0 0 21 3 1 1 1 3 1

1111111111

0 2 0 2 3 0 3 0 2 01 1 3 1 1 2 1

At all positions, not all strings are identical

s1
<latexit sha1_base64="xtv+W/O1eUUw2hlh9I3lib9TC4s=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2L+3SzSbsboQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6iRTDDssEYnqhVSj4BI7hhuBvVQhjUOBj+HktvAfn1BpnsgHM00xiOlI8ogzaqzk+zE14zDK9WzgDeoNt+nOQVaJV5IGlGgP6l/+MGFZjNIwQbXue25qgpwqw5nAWc3PNKaUTegI+5ZKGqMO8nnmGTmzypBEibJPGjJXf2/kNNZ6God2ssiol71C/M/rZya6DnIu08ygZItDUSaISUhRABlyhcyIqSWUKW6zEjamijJja6rZErzlL6+S7kXTc5ve/WWjdVPWUYUTOIVz8OAKWnAHbegAgxSe4RXenMx5cd6dj8VoxSl3juEPnM8fIr2Ruw==</latexit><latexit sha1_base64="xtv+W/O1eUUw2hlh9I3lib9TC4s=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2L+3SzSbsboQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6iRTDDssEYnqhVSj4BI7hhuBvVQhjUOBj+HktvAfn1BpnsgHM00xiOlI8ogzaqzk+zE14zDK9WzgDeoNt+nOQVaJV5IGlGgP6l/+MGFZjNIwQbXue25qgpwqw5nAWc3PNKaUTegI+5ZKGqMO8nnmGTmzypBEibJPGjJXf2/kNNZ6God2ssiol71C/M/rZya6DnIu08ygZItDUSaISUhRABlyhcyIqSWUKW6zEjamijJja6rZErzlL6+S7kXTc5ve/WWjdVPWUYUTOIVz8OAKWnAHbegAgxSe4RXenMx5cd6dj8VoxSl3juEPnM8fIr2Ruw==</latexit><latexit sha1_base64="xtv+W/O1eUUw2hlh9I3lib9TC4s=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2L+3SzSbsboQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6iRTDDssEYnqhVSj4BI7hhuBvVQhjUOBj+HktvAfn1BpnsgHM00xiOlI8ogzaqzk+zE14zDK9WzgDeoNt+nOQVaJV5IGlGgP6l/+MGFZjNIwQbXue25qgpwqw5nAWc3PNKaUTegI+5ZKGqMO8nnmGTmzypBEibJPGjJXf2/kNNZ6God2ssiol71C/M/rZya6DnIu08ygZItDUSaISUhRABlyhcyIqSWUKW6zEjamijJja6rZErzlL6+S7kXTc5ve/WWjdVPWUYUTOIVz8OAKWnAHbegAgxSe4RXenMx5cd6dj8VoxSl3juEPnM8fIr2Ruw==</latexit><latexit sha1_base64="xtv+W/O1eUUw2hlh9I3lib9TC4s=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2L+3SzSbsboQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6iRTDDssEYnqhVSj4BI7hhuBvVQhjUOBj+HktvAfn1BpnsgHM00xiOlI8ogzaqzk+zE14zDK9WzgDeoNt+nOQVaJV5IGlGgP6l/+MGFZjNIwQbXue25qgpwqw5nAWc3PNKaUTegI+5ZKGqMO8nnmGTmzypBEibJPGjJXf2/kNNZ6God2ssiol71C/M/rZya6DnIu08ygZItDUSaISUhRABlyhcyIqSWUKW6zEjamijJja6rZErzlL6+S7kXTc5ve/WWjdVPWUYUTOIVz8OAKWnAHbegAgxSe4RXenMx5cd6dj8VoxSl3juEPnM8fIr2Ruw==</latexit>

s2
<latexit sha1_base64="zv16950mHoxAi/VeQQJICgPJvI0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhg4iOlQgFo2gl348oToIwM/NhY1ituXV3AbJOvILUoEBrWP3yRzFLI66QSWpM33MTHGRUo2CSzyt+anhC2ZSOed9SRSNuBtki85xcWGVEwljbp5As1N8bGY2MmUWBncwzmlUvF//z+imGN4NMqCRFrtjyUJhKgjHJCyAjoTlDObOEMi1sVsImVFOGtqaKLcFb/fI66TTqnlv3Hq5qzduijjKcwTlcggfX0IR7aEEbGCTwDK/w5qTOi/PufCxHS06xcwp/4Hz+ACRBkbw=</latexit><latexit sha1_base64="zv16950mHoxAi/VeQQJICgPJvI0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhg4iOlQgFo2gl348oToIwM/NhY1ituXV3AbJOvILUoEBrWP3yRzFLI66QSWpM33MTHGRUo2CSzyt+anhC2ZSOed9SRSNuBtki85xcWGVEwljbp5As1N8bGY2MmUWBncwzmlUvF//z+imGN4NMqCRFrtjyUJhKgjHJCyAjoTlDObOEMi1sVsImVFOGtqaKLcFb/fI66TTqnlv3Hq5qzduijjKcwTlcggfX0IR7aEEbGCTwDK/w5qTOi/PufCxHS06xcwp/4Hz+ACRBkbw=</latexit><latexit sha1_base64="zv16950mHoxAi/VeQQJICgPJvI0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhg4iOlQgFo2gl348oToIwM/NhY1ituXV3AbJOvILUoEBrWP3yRzFLI66QSWpM33MTHGRUo2CSzyt+anhC2ZSOed9SRSNuBtki85xcWGVEwljbp5As1N8bGY2MmUWBncwzmlUvF//z+imGN4NMqCRFrtjyUJhKgjHJCyAjoTlDObOEMi1sVsImVFOGtqaKLcFb/fI66TTqnlv3Hq5qzduijjKcwTlcggfX0IR7aEEbGCTwDK/w5qTOi/PufCxHS06xcwp/4Hz+ACRBkbw=</latexit><latexit sha1_base64="zv16950mHoxAi/VeQQJICgPJvI0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhg4iOlQgFo2gl348oToIwM/NhY1ituXV3AbJOvILUoEBrWP3yRzFLI66QSWpM33MTHGRUo2CSzyt+anhC2ZSOed9SRSNuBtki85xcWGVEwljbp5As1N8bGY2MmUWBncwzmlUvF//z+imGN4NMqCRFrtjyUJhKgjHJCyAjoTlDObOEMi1sVsImVFOGtqaKLcFb/fI66TTqnlv3Hq5qzduijjKcwTlcggfX0IR7aEEbGCTwDK/w5qTOi/PufCxHS06xcwp/4Hz+ACRBkbw=</latexit>

s3
<latexit sha1_base64="8gvcmB3blrwPGNE8PuTs/sy8ARM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6LLoxmUF+4AmlMl00g6dTMLMjVBCf8ONC0Xc+jPu/BunbRbaemDgcM693DMnTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tju5nfeeLaiEQ94iTlQUyHSkSCUbSS78cUR2GUm2n/sl+tuXV3DrJKvILUoECzX/3yBwnLYq6QSWpMz3NTDHKqUTDJpxU/MzylbEyHvGepojE3QT7PPCVnVhmQKNH2KSRz9fdGTmNjJnFoJ2cZzbI3E//zehlGN0EuVJohV2xxKMokwYTMCiADoTlDObGEMi1sVsJGVFOGtqaKLcFb/vIqaV/UPbfuPVzVGrdFHWU4gVM4Bw+uoQH30IQWMEjhGV7hzcmcF+fd+ViMlpxi5xj+wPn8ASXFkb0=</latexit><latexit sha1_base64="8gvcmB3blrwPGNE8PuTs/sy8ARM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6LLoxmUF+4AmlMl00g6dTMLMjVBCf8ONC0Xc+jPu/BunbRbaemDgcM693DMnTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tju5nfeeLaiEQ94iTlQUyHSkSCUbSS78cUR2GUm2n/sl+tuXV3DrJKvILUoECzX/3yBwnLYq6QSWpMz3NTDHKqUTDJpxU/MzylbEyHvGepojE3QT7PPCVnVhmQKNH2KSRz9fdGTmNjJnFoJ2cZzbI3E//zehlGN0EuVJohV2xxKMokwYTMCiADoTlDObGEMi1sVsJGVFOGtqaKLcFb/vIqaV/UPbfuPVzVGrdFHWU4gVM4Bw+uoQH30IQWMEjhGV7hzcmcF+fd+ViMlpxi5xj+wPn8ASXFkb0=</latexit><latexit sha1_base64="8gvcmB3blrwPGNE8PuTs/sy8ARM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6LLoxmUF+4AmlMl00g6dTMLMjVBCf8ONC0Xc+jPu/BunbRbaemDgcM693DMnTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tju5nfeeLaiEQ94iTlQUyHSkSCUbSS78cUR2GUm2n/sl+tuXV3DrJKvILUoECzX/3yBwnLYq6QSWpMz3NTDHKqUTDJpxU/MzylbEyHvGepojE3QT7PPCVnVhmQKNH2KSRz9fdGTmNjJnFoJ2cZzbI3E//zehlGN0EuVJohV2xxKMokwYTMCiADoTlDObGEMi1sVsJGVFOGtqaKLcFb/vIqaV/UPbfuPVzVGrdFHWU4gVM4Bw+uoQH30IQWMEjhGV7hzcmcF+fd+ViMlpxi5xj+wPn8ASXFkb0=</latexit><latexit sha1_base64="8gvcmB3blrwPGNE8PuTs/sy8ARM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQq6LLoxmUF+4AmlMl00g6dTMLMjVBCf8ONC0Xc+jPu/BunbRbaemDgcM693DMnTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tju5nfeeLaiEQ94iTlQUyHSkSCUbSS78cUR2GUm2n/sl+tuXV3DrJKvILUoECzX/3yBwnLYq6QSWpMz3NTDHKqUTDJpxU/MzylbEyHvGepojE3QT7PPCVnVhmQKNH2KSRz9fdGTmNjJnFoJ2cZzbI3E//zehlGN0EuVJohV2xxKMokwYTMCiADoTlDObGEMi1sVsJGVFOGtqaKLcFb/vIqaV/UPbfuPVzVGrdFHWU4gVM4Bw+uoQH30IQWMEjhGV7hzcmcF+fd+ViMlpxi5xj+wPn8ASXFkb0=</latexit>

We consider the general case of multiple strings and multiple alphabets

Fundamental and challenging problem in computational genomics

                     ( NP Hard [Bonnizzoni e.al. ’16])


Approximations and heuristics for binary alphabet - long history

(Plant Species)

Reconstruct the string from noisy paired-end read measurements
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Prior Work

Majority of prior work focussed on binary alphabet case.

AltHap - [Hashemi et.al.’18]
Only prior method to work for polyploid polyallelic case

Hapcut - [Bansal et.al. ’08] 

HapCompass - [Aguiar. et.al. ’12]

HapTree - [Berger et.al. ’14]

SDHaP - [Das et.al. ’15]

HPoP - [Xie et.al.’16]

BP - [Puljiz et.al.’16]
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Proposed Algorithm

1) Create a weighted spatial graph

3) Reconstruct position by position as the majority alphabet among the 
reads estimated to come from this haplotype and covering the position

2) Cluster nodes(reads) into those originating from same haplotype

G
<latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit>
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Proposed Algorithm

1) Create a weighted spatial graph

3) Reconstruct position by position as the majority alphabet among the 
reads estimated to come from this haplotype and covering the position

Reads -> Nodes with spatial embedding

2) Cluster nodes(reads) into those originating from same haplotype

G
<latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit>
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Proposed Algorithm

1) Create a weighted spatial graph

3) Reconstruct position by position as the majority alphabet among the 
reads estimated to come from this haplotype and covering the position

Reads -> Nodes with spatial embedding

2) Cluster nodes(reads) into those originating from same haplotype

Euclidean Community Detection

G
<latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit>
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Proposed Algorithm

1) Create a weighted spatial graph

3) Reconstruct position by position as the majority alphabet among the 
reads estimated to come from this haplotype and covering the position

s1
<latexit sha1_base64="xtv+W/O1eUUw2hlh9I3lib9TC4s=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2L+3SzSbsboQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6iRTDDssEYnqhVSj4BI7hhuBvVQhjUOBj+HktvAfn1BpnsgHM00xiOlI8ogzaqzk+zE14zDK9WzgDeoNt+nOQVaJV5IGlGgP6l/+MGFZjNIwQbXue25qgpwqw5nAWc3PNKaUTegI+5ZKGqMO8nnmGTmzypBEibJPGjJXf2/kNNZ6God2ssiol71C/M/rZya6DnIu08ygZItDUSaISUhRABlyhcyIqSWUKW6zEjamijJja6rZErzlL6+S7kXTc5ve/WWjdVPWUYUTOIVz8OAKWnAHbegAgxSe4RXenMx5cd6dj8VoxSl3juEPnM8fIr2Ruw==</latexit><latexit sha1_base64="xtv+W/O1eUUw2hlh9I3lib9TC4s=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2L+3SzSbsboQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6iRTDDssEYnqhVSj4BI7hhuBvVQhjUOBj+HktvAfn1BpnsgHM00xiOlI8ogzaqzk+zE14zDK9WzgDeoNt+nOQVaJV5IGlGgP6l/+MGFZjNIwQbXue25qgpwqw5nAWc3PNKaUTegI+5ZKGqMO8nnmGTmzypBEibJPGjJXf2/kNNZ6God2ssiol71C/M/rZya6DnIu08ygZItDUSaISUhRABlyhcyIqSWUKW6zEjamijJja6rZErzlL6+S7kXTc5ve/WWjdVPWUYUTOIVz8OAKWnAHbegAgxSe4RXenMx5cd6dj8VoxSl3juEPnM8fIr2Ruw==</latexit><latexit sha1_base64="xtv+W/O1eUUw2hlh9I3lib9TC4s=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2L+3SzSbsboQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6iRTDDssEYnqhVSj4BI7hhuBvVQhjUOBj+HktvAfn1BpnsgHM00xiOlI8ogzaqzk+zE14zDK9WzgDeoNt+nOQVaJV5IGlGgP6l/+MGFZjNIwQbXue25qgpwqw5nAWc3PNKaUTegI+5ZKGqMO8nnmGTmzypBEibJPGjJXf2/kNNZ6God2ssiol71C/M/rZya6DnIu08ygZItDUSaISUhRABlyhcyIqSWUKW6zEjamijJja6rZErzlL6+S7kXTc5ve/WWjdVPWUYUTOIVz8OAKWnAHbegAgxSe4RXenMx5cd6dj8VoxSl3juEPnM8fIr2Ruw==</latexit><latexit sha1_base64="xtv+W/O1eUUw2hlh9I3lib9TC4s=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2L+3SzSbsboQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6iRTDDssEYnqhVSj4BI7hhuBvVQhjUOBj+HktvAfn1BpnsgHM00xiOlI8ogzaqzk+zE14zDK9WzgDeoNt+nOQVaJV5IGlGgP6l/+MGFZjNIwQbXue25qgpwqw5nAWc3PNKaUTegI+5ZKGqMO8nnmGTmzypBEibJPGjJXf2/kNNZ6God2ssiol71C/M/rZya6DnIu08ygZItDUSaISUhRABlyhcyIqSWUKW6zEjamijJja6rZErzlL6+S7kXTc5ve/WWjdVPWUYUTOIVz8OAKWnAHbegAgxSe4RXenMx5cd6dj8VoxSl3juEPnM8fIr2Ruw==</latexit>

s2
<latexit sha1_base64="zv16950mHoxAi/VeQQJICgPJvI0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhg4iOlQgFo2gl348oToIwM/NhY1ituXV3AbJOvILUoEBrWP3yRzFLI66QSWpM33MTHGRUo2CSzyt+anhC2ZSOed9SRSNuBtki85xcWGVEwljbp5As1N8bGY2MmUWBncwzmlUvF//z+imGN4NMqCRFrtjyUJhKgjHJCyAjoTlDObOEMi1sVsImVFOGtqaKLcFb/fI66TTqnlv3Hq5qzduijjKcwTlcggfX0IR7aEEbGCTwDK/w5qTOi/PufCxHS06xcwp/4Hz+ACRBkbw=</latexit><latexit sha1_base64="zv16950mHoxAi/VeQQJICgPJvI0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhg4iOlQgFo2gl348oToIwM/NhY1ituXV3AbJOvILUoEBrWP3yRzFLI66QSWpM33MTHGRUo2CSzyt+anhC2ZSOed9SRSNuBtki85xcWGVEwljbp5As1N8bGY2MmUWBncwzmlUvF//z+imGN4NMqCRFrtjyUJhKgjHJCyAjoTlDObOEMi1sVsImVFOGtqaKLcFb/fI66TTqnlv3Hq5qzduijjKcwTlcggfX0IR7aEEbGCTwDK/w5qTOi/PufCxHS06xcwp/4Hz+ACRBkbw=</latexit><latexit sha1_base64="zv16950mHoxAi/VeQQJICgPJvI0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhg4iOlQgFo2gl348oToIwM/NhY1ituXV3AbJOvILUoEBrWP3yRzFLI66QSWpM33MTHGRUo2CSzyt+anhC2ZSOed9SRSNuBtki85xcWGVEwljbp5As1N8bGY2MmUWBncwzmlUvF//z+imGN4NMqCRFrtjyUJhKgjHJCyAjoTlDObOEMi1sVsImVFOGtqaKLcFb/fI66TTqnlv3Hq5qzduijjKcwTlcggfX0IR7aEEbGCTwDK/w5qTOi/PufCxHS06xcwp/4Hz+ACRBkbw=</latexit><latexit sha1_base64="zv16950mHoxAi/VeQQJICgPJvI0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhg4iOlQgFo2gl348oToIwM/NhY1ituXV3AbJOvILUoEBrWP3yRzFLI66QSWpM33MTHGRUo2CSzyt+anhC2ZSOed9SRSNuBtki85xcWGVEwljbp5As1N8bGY2MmUWBncwzmlUvF//z+imGN4NMqCRFrtjyUJhKgjHJCyAjoTlDObOEMi1sVsImVFOGtqaKLcFb/fI66TTqnlv3Hq5qzduijjKcwTlcggfX0IR7aEEbGCTwDK/w5qTOi/PufCxHS06xcwp/4Hz+ACRBkbw=</latexit>

}
<latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit>

Reads estimated in step 2 to come from s2
<latexit sha1_base64="zv16950mHoxAi/VeQQJICgPJvI0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhg4iOlQgFo2gl348oToIwM/NhY1ituXV3AbJOvILUoEBrWP3yRzFLI66QSWpM33MTHGRUo2CSzyt+anhC2ZSOed9SRSNuBtki85xcWGVEwljbp5As1N8bGY2MmUWBncwzmlUvF//z+imGN4NMqCRFrtjyUJhKgjHJCyAjoTlDObOEMi1sVsImVFOGtqaKLcFb/fI66TTqnlv3Hq5qzduijjKcwTlcggfX0IR7aEEbGCTwDK/w5qTOi/PufCxHS06xcwp/4Hz+ACRBkbw=</latexit><latexit sha1_base64="zv16950mHoxAi/VeQQJICgPJvI0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhg4iOlQgFo2gl348oToIwM/NhY1ituXV3AbJOvILUoEBrWP3yRzFLI66QSWpM33MTHGRUo2CSzyt+anhC2ZSOed9SRSNuBtki85xcWGVEwljbp5As1N8bGY2MmUWBncwzmlUvF//z+imGN4NMqCRFrtjyUJhKgjHJCyAjoTlDObOEMi1sVsImVFOGtqaKLcFb/fI66TTqnlv3Hq5qzduijjKcwTlcggfX0IR7aEEbGCTwDK/w5qTOi/PufCxHS06xcwp/4Hz+ACRBkbw=</latexit><latexit sha1_base64="zv16950mHoxAi/VeQQJICgPJvI0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhg4iOlQgFo2gl348oToIwM/NhY1ituXV3AbJOvILUoEBrWP3yRzFLI66QSWpM33MTHGRUo2CSzyt+anhC2ZSOed9SRSNuBtki85xcWGVEwljbp5As1N8bGY2MmUWBncwzmlUvF//z+imGN4NMqCRFrtjyUJhKgjHJCyAjoTlDObOEMi1sVsImVFOGtqaKLcFb/fI66TTqnlv3Hq5qzduijjKcwTlcggfX0IR7aEEbGCTwDK/w5qTOi/PufCxHS06xcwp/4Hz+ACRBkbw=</latexit><latexit sha1_base64="zv16950mHoxAi/VeQQJICgPJvI0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhg4iOlQgFo2gl348oToIwM/NhY1ituXV3AbJOvILUoEBrWP3yRzFLI66QSWpM33MTHGRUo2CSzyt+anhC2ZSOed9SRSNuBtki85xcWGVEwljbp5As1N8bGY2MmUWBncwzmlUvF//z+imGN4NMqCRFrtjyUJhKgjHJCyAjoTlDObOEMi1sVsImVFOGtqaKLcFb/fI66TTqnlv3Hq5qzduijjKcwTlcggfX0IR7aEEbGCTwDK/w5qTOi/PufCxHS06xcwp/4Hz+ACRBkbw=</latexit>

Reads -> Nodes with spatial embedding

2) Cluster nodes(reads) into those originating from same haplotype

Euclidean Community Detection

G
<latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit>
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Constructing the Weighted Spatial Graph

Read i - Positions - 2,10  Values:000,011

Two node  features - unknown haplotype and known positions 

Zi
<latexit sha1_base64="QbK8B72zUbDRt3Q2mCRAtIr00e0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8e+6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPzLcjbo=</latexit><latexit sha1_base64="QbK8B72zUbDRt3Q2mCRAtIr00e0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8e+6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPzLcjbo=</latexit><latexit sha1_base64="QbK8B72zUbDRt3Q2mCRAtIr00e0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8e+6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPzLcjbo=</latexit><latexit sha1_base64="QbK8B72zUbDRt3Q2mCRAtIr00e0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8e+6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPzLcjbo=</latexit>

1
<latexit sha1_base64="hpaOv2G1q1F8JXdouZRL0hqoqcM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecZpwP6IjJULBKFrpwasMqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/m186I2dWGZIw1rYUkrn6eyKjkTHTKLCdEcWxWfZy8T+vl2J47WdCJSlyxRaLwlQSjEn+NhkKzRnKqSWUaWFvJWxMNWVow8lD8JZfXiXti7rn1r37y1rjpoijDCdwCufgwRU04A6a0AIGITzDK7w5E+fFeXc+Fq0lp5g5hj9wPn8ArtqMyQ==</latexit><latexit sha1_base64="hpaOv2G1q1F8JXdouZRL0hqoqcM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecZpwP6IjJULBKFrpwasMqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/m186I2dWGZIw1rYUkrn6eyKjkTHTKLCdEcWxWfZy8T+vl2J47WdCJSlyxRaLwlQSjEn+NhkKzRnKqSWUaWFvJWxMNWVow8lD8JZfXiXti7rn1r37y1rjpoijDCdwCufgwRU04A6a0AIGITzDK7w5E+fFeXc+Fq0lp5g5hj9wPn8ArtqMyQ==</latexit><latexit sha1_base64="hpaOv2G1q1F8JXdouZRL0hqoqcM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecZpwP6IjJULBKFrpwasMqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/m186I2dWGZIw1rYUkrn6eyKjkTHTKLCdEcWxWfZy8T+vl2J47WdCJSlyxRaLwlQSjEn+NhkKzRnKqSWUaWFvJWxMNWVow8lD8JZfXiXti7rn1r37y1rjpoijDCdwCufgwRU04A6a0AIGITzDK7w5E+fFeXc+Fq0lp5g5hj9wPn8ArtqMyQ==</latexit><latexit sha1_base64="hpaOv2G1q1F8JXdouZRL0hqoqcM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecZpwP6IjJULBKFrpwasMqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/m186I2dWGZIw1rYUkrn6eyKjkTHTKLCdEcWxWfZy8T+vl2J47WdCJSlyxRaLwlQSjEn+NhkKzRnKqSWUaWFvJWxMNWVow8lD8JZfXiXti7rn1r37y1rjpoijDCdwCufgwRU04A6a0AIGITzDK7w5E+fFeXc+Fq0lp5g5hj9wPn8ArtqMyQ==</latexit>

n
<latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit><latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit><latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit><latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit>

2

10

102

Zi 2 {1, · · · , k}
<latexit sha1_base64="q2hD52E9bJpuBXoGlSUFxkVbao8=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEF6UkIuiy6MZlBfvAJoTJZNIOnUzCzEQosQt/xY0LRdz6G+78G6ePhbYeuHA4517uvSfMOFPacb6tpeWV1bX10kZ5c2t7Z9fe22+pNJeENknKU9kJsaKcCdrUTHPaySTFSchpOxxcj/32A5WKpeJODzPqJ7gnWMwI1kYK7MP7gCGPCeQVbtUjUapVdeCNArvi1JwJ0CJxZ6QCMzQC+8uLUpInVGjCsVJd18m0X2CpGeF0VPZyRTNMBrhHu4YKnFDlF5P7R+jEKBGKU2lKaDRRf08UOFFqmISmM8G6r+a9sfif1811fOkXTGS5poJMF8U5RzpF4zBQxCQlmg8NwUQycysifSwx0SaysgnBnX95kbTOaq5Tc2/PK/WrWRwlOIJjOAUXLqAON9CAJhB4hGd4hTfryXqx3q2PaeuSNZs5gD+wPn8AqVKVOQ==</latexit><latexit sha1_base64="q2hD52E9bJpuBXoGlSUFxkVbao8=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEF6UkIuiy6MZlBfvAJoTJZNIOnUzCzEQosQt/xY0LRdz6G+78G6ePhbYeuHA4517uvSfMOFPacb6tpeWV1bX10kZ5c2t7Z9fe22+pNJeENknKU9kJsaKcCdrUTHPaySTFSchpOxxcj/32A5WKpeJODzPqJ7gnWMwI1kYK7MP7gCGPCeQVbtUjUapVdeCNArvi1JwJ0CJxZ6QCMzQC+8uLUpInVGjCsVJd18m0X2CpGeF0VPZyRTNMBrhHu4YKnFDlF5P7R+jEKBGKU2lKaDRRf08UOFFqmISmM8G6r+a9sfif1811fOkXTGS5poJMF8U5RzpF4zBQxCQlmg8NwUQycysifSwx0SaysgnBnX95kbTOaq5Tc2/PK/WrWRwlOIJjOAUXLqAON9CAJhB4hGd4hTfryXqx3q2PaeuSNZs5gD+wPn8AqVKVOQ==</latexit><latexit sha1_base64="q2hD52E9bJpuBXoGlSUFxkVbao8=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEF6UkIuiy6MZlBfvAJoTJZNIOnUzCzEQosQt/xY0LRdz6G+78G6ePhbYeuHA4517uvSfMOFPacb6tpeWV1bX10kZ5c2t7Z9fe22+pNJeENknKU9kJsaKcCdrUTHPaySTFSchpOxxcj/32A5WKpeJODzPqJ7gnWMwI1kYK7MP7gCGPCeQVbtUjUapVdeCNArvi1JwJ0CJxZ6QCMzQC+8uLUpInVGjCsVJd18m0X2CpGeF0VPZyRTNMBrhHu4YKnFDlF5P7R+jEKBGKU2lKaDRRf08UOFFqmISmM8G6r+a9sfif1811fOkXTGS5poJMF8U5RzpF4zBQxCQlmg8NwUQycysifSwx0SaysgnBnX95kbTOaq5Tc2/PK/WrWRwlOIJjOAUXLqAON9CAJhB4hGd4hTfryXqx3q2PaeuSNZs5gD+wPn8AqVKVOQ==</latexit><latexit sha1_base64="q2hD52E9bJpuBXoGlSUFxkVbao8=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEF6UkIuiy6MZlBfvAJoTJZNIOnUzCzEQosQt/xY0LRdz6G+78G6ePhbYeuHA4517uvSfMOFPacb6tpeWV1bX10kZ5c2t7Z9fe22+pNJeENknKU9kJsaKcCdrUTHPaySTFSchpOxxcj/32A5WKpeJODzPqJ7gnWMwI1kYK7MP7gCGPCeQVbtUjUapVdeCNArvi1JwJ0CJxZ6QCMzQC+8uLUpInVGjCsVJd18m0X2CpGeF0VPZyRTNMBrhHu4YKnFDlF5P7R+jEKBGKU2lKaDRRf08UOFFqmISmM8G6r+a9sfif1811fOkXTGS5poJMF8U5RzpF4zBQxCQlmg8NwUQycysifSwx0SaysgnBnX95kbTOaq5Tc2/PK/WrWRwlOIJjOAUXLqAON9CAJhB4hGd4hTfryXqx3q2PaeuSNZs5gD+wPn8AqVKVOQ==</latexit>

(2, 10) 2 {1, · · · , n}2
<latexit sha1_base64="D0mSiZEQzlf6BTLzkC4kigNh6UI=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQoZRMEXRZdOOygn1AE8tkMmmHTiZhZiKU0IUbf8WNC0Xc+hHu/BunbRbaeuDC4Zx7ufceP+FMacf5tgpr6xubW8Xt0s7u3v6BfXjUUXEqCW2TmMey52NFORO0rZnmtJdIiiOf064/vp753QcqFYvFnZ4k1IvwULCQEayNNLDL1UYNOWfQZQK6Gaq5JIi1qgl3et8Y2BWn7swBVwnKSQXkaA3sLzeISRpRoQnHSvWRk2gvw1Izwum05KaKJpiM8ZD2DRU4osrL5k9M4alRAhjG0pTQcK7+nshwpNQk8k1nhPVILXsz8T+vn+rw0suYSFJNBVksClMOdQxnicCASUo0nxiCiWTmVkhGWGKiTW4lEwJafnmVdBp15NTR7XmleZXHUQRlcAKqAIEL0AQ3oAXagIBH8AxewZv1ZL1Y79bHorVg5TPH4A+szx820JXs</latexit><latexit sha1_base64="D0mSiZEQzlf6BTLzkC4kigNh6UI=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQoZRMEXRZdOOygn1AE8tkMmmHTiZhZiKU0IUbf8WNC0Xc+hHu/BunbRbaeuDC4Zx7ufceP+FMacf5tgpr6xubW8Xt0s7u3v6BfXjUUXEqCW2TmMey52NFORO0rZnmtJdIiiOf064/vp753QcqFYvFnZ4k1IvwULCQEayNNLDL1UYNOWfQZQK6Gaq5JIi1qgl3et8Y2BWn7swBVwnKSQXkaA3sLzeISRpRoQnHSvWRk2gvw1Izwum05KaKJpiM8ZD2DRU4osrL5k9M4alRAhjG0pTQcK7+nshwpNQk8k1nhPVILXsz8T+vn+rw0suYSFJNBVksClMOdQxnicCASUo0nxiCiWTmVkhGWGKiTW4lEwJafnmVdBp15NTR7XmleZXHUQRlcAKqAIEL0AQ3oAXagIBH8AxewZv1ZL1Y79bHorVg5TPH4A+szx820JXs</latexit><latexit sha1_base64="D0mSiZEQzlf6BTLzkC4kigNh6UI=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQoZRMEXRZdOOygn1AE8tkMmmHTiZhZiKU0IUbf8WNC0Xc+hHu/BunbRbaeuDC4Zx7ufceP+FMacf5tgpr6xubW8Xt0s7u3v6BfXjUUXEqCW2TmMey52NFORO0rZnmtJdIiiOf064/vp753QcqFYvFnZ4k1IvwULCQEayNNLDL1UYNOWfQZQK6Gaq5JIi1qgl3et8Y2BWn7swBVwnKSQXkaA3sLzeISRpRoQnHSvWRk2gvw1Izwum05KaKJpiM8ZD2DRU4osrL5k9M4alRAhjG0pTQcK7+nshwpNQk8k1nhPVILXsz8T+vn+rw0suYSFJNBVksClMOdQxnicCASUo0nxiCiWTmVkhGWGKiTW4lEwJafnmVdBp15NTR7XmleZXHUQRlcAKqAIEL0AQ3oAXagIBH8AxewZv1ZL1Y79bHorVg5TPH4A+szx820JXs</latexit><latexit sha1_base64="D0mSiZEQzlf6BTLzkC4kigNh6UI=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQoZRMEXRZdOOygn1AE8tkMmmHTiZhZiKU0IUbf8WNC0Xc+hHu/BunbRbaeuDC4Zx7ufceP+FMacf5tgpr6xubW8Xt0s7u3v6BfXjUUXEqCW2TmMey52NFORO0rZnmtJdIiiOf064/vp753QcqFYvFnZ4k1IvwULCQEayNNLDL1UYNOWfQZQK6Gaq5JIi1qgl3et8Y2BWn7swBVwnKSQXkaA3sLzeISRpRoQnHSvWRk2gvw1Izwum05KaKJpiM8ZD2DRU4osrL5k9M4alRAhjG0pTQcK7+nshwpNQk8k1nhPVILXsz8T+vn+rw0suYSFJNBVksClMOdQxnicCASUo0nxiCiWTmVkhGWGKiTW4lEwJafnmVdBp15NTR7XmleZXHUQRlcAKqAIEL0AQ3oAXagIBH8AxewZv1ZL1Y79bHorVg5TPH4A+szx820JXs</latexit>

Nodes -> Reads
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Constructing the Weighted Spatial Graph

Read i - Positions - 2,10  Values:000,011

Nodes -> Reads

Two node  features - unknown haplotype and known positions 

Zi
<latexit sha1_base64="QbK8B72zUbDRt3Q2mCRAtIr00e0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8e+6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPzLcjbo=</latexit><latexit sha1_base64="QbK8B72zUbDRt3Q2mCRAtIr00e0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8e+6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPzLcjbo=</latexit><latexit sha1_base64="QbK8B72zUbDRt3Q2mCRAtIr00e0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8e+6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPzLcjbo=</latexit><latexit sha1_base64="QbK8B72zUbDRt3Q2mCRAtIr00e0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8e+6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPzLcjbo=</latexit>

1
<latexit sha1_base64="hpaOv2G1q1F8JXdouZRL0hqoqcM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecZpwP6IjJULBKFrpwasMqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/m186I2dWGZIw1rYUkrn6eyKjkTHTKLCdEcWxWfZy8T+vl2J47WdCJSlyxRaLwlQSjEn+NhkKzRnKqSWUaWFvJWxMNWVow8lD8JZfXiXti7rn1r37y1rjpoijDCdwCufgwRU04A6a0AIGITzDK7w5E+fFeXc+Fq0lp5g5hj9wPn8ArtqMyQ==</latexit><latexit sha1_base64="hpaOv2G1q1F8JXdouZRL0hqoqcM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecZpwP6IjJULBKFrpwasMqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/m186I2dWGZIw1rYUkrn6eyKjkTHTKLCdEcWxWfZy8T+vl2J47WdCJSlyxRaLwlQSjEn+NhkKzRnKqSWUaWFvJWxMNWVow8lD8JZfXiXti7rn1r37y1rjpoijDCdwCufgwRU04A6a0AIGITzDK7w5E+fFeXc+Fq0lp5g5hj9wPn8ArtqMyQ==</latexit><latexit sha1_base64="hpaOv2G1q1F8JXdouZRL0hqoqcM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecZpwP6IjJULBKFrpwasMqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/m186I2dWGZIw1rYUkrn6eyKjkTHTKLCdEcWxWfZy8T+vl2J47WdCJSlyxRaLwlQSjEn+NhkKzRnKqSWUaWFvJWxMNWVow8lD8JZfXiXti7rn1r37y1rjpoijDCdwCufgwRU04A6a0AIGITzDK7w5E+fFeXc+Fq0lp5g5hj9wPn8ArtqMyQ==</latexit><latexit sha1_base64="hpaOv2G1q1F8JXdouZRL0hqoqcM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecZpwP6IjJULBKFrpwasMqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/m186I2dWGZIw1rYUkrn6eyKjkTHTKLCdEcWxWfZy8T+vl2J47WdCJSlyxRaLwlQSjEn+NhkKzRnKqSWUaWFvJWxMNWVow8lD8JZfXiXti7rn1r37y1rjpoijDCdwCufgwRU04A6a0AIGITzDK7w5E+fFeXc+Fq0lp5g5hj9wPn8ArtqMyQ==</latexit>

n
<latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit><latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit><latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit><latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit>

2

10

102

wij =
#Sites the reads agrees on�#Sites the reads di↵ers

#Total number of overlapping sites
<latexit sha1_base64="HudqrARcaaUpX4stgTuEbciKFXQ="></latexit><latexit sha1_base64="HudqrARcaaUpX4stgTuEbciKFXQ="></latexit><latexit sha1_base64="HudqrARcaaUpX4stgTuEbciKFXQ="></latexit><latexit sha1_base64="HudqrARcaaUpX4stgTuEbciKFXQ="></latexit>

4

Zi 2 {1, · · · , k}
<latexit sha1_base64="q2hD52E9bJpuBXoGlSUFxkVbao8=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEF6UkIuiy6MZlBfvAJoTJZNIOnUzCzEQosQt/xY0LRdz6G+78G6ePhbYeuHA4517uvSfMOFPacb6tpeWV1bX10kZ5c2t7Z9fe22+pNJeENknKU9kJsaKcCdrUTHPaySTFSchpOxxcj/32A5WKpeJODzPqJ7gnWMwI1kYK7MP7gCGPCeQVbtUjUapVdeCNArvi1JwJ0CJxZ6QCMzQC+8uLUpInVGjCsVJd18m0X2CpGeF0VPZyRTNMBrhHu4YKnFDlF5P7R+jEKBGKU2lKaDRRf08UOFFqmISmM8G6r+a9sfif1811fOkXTGS5poJMF8U5RzpF4zBQxCQlmg8NwUQycysifSwx0SaysgnBnX95kbTOaq5Tc2/PK/WrWRwlOIJjOAUXLqAON9CAJhB4hGd4hTfryXqx3q2PaeuSNZs5gD+wPn8AqVKVOQ==</latexit><latexit sha1_base64="q2hD52E9bJpuBXoGlSUFxkVbao8=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEF6UkIuiy6MZlBfvAJoTJZNIOnUzCzEQosQt/xY0LRdz6G+78G6ePhbYeuHA4517uvSfMOFPacb6tpeWV1bX10kZ5c2t7Z9fe22+pNJeENknKU9kJsaKcCdrUTHPaySTFSchpOxxcj/32A5WKpeJODzPqJ7gnWMwI1kYK7MP7gCGPCeQVbtUjUapVdeCNArvi1JwJ0CJxZ6QCMzQC+8uLUpInVGjCsVJd18m0X2CpGeF0VPZyRTNMBrhHu4YKnFDlF5P7R+jEKBGKU2lKaDRRf08UOFFqmISmM8G6r+a9sfif1811fOkXTGS5poJMF8U5RzpF4zBQxCQlmg8NwUQycysifSwx0SaysgnBnX95kbTOaq5Tc2/PK/WrWRwlOIJjOAUXLqAON9CAJhB4hGd4hTfryXqx3q2PaeuSNZs5gD+wPn8AqVKVOQ==</latexit><latexit sha1_base64="q2hD52E9bJpuBXoGlSUFxkVbao8=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEF6UkIuiy6MZlBfvAJoTJZNIOnUzCzEQosQt/xY0LRdz6G+78G6ePhbYeuHA4517uvSfMOFPacb6tpeWV1bX10kZ5c2t7Z9fe22+pNJeENknKU9kJsaKcCdrUTHPaySTFSchpOxxcj/32A5WKpeJODzPqJ7gnWMwI1kYK7MP7gCGPCeQVbtUjUapVdeCNArvi1JwJ0CJxZ6QCMzQC+8uLUpInVGjCsVJd18m0X2CpGeF0VPZyRTNMBrhHu4YKnFDlF5P7R+jEKBGKU2lKaDRRf08UOFFqmISmM8G6r+a9sfif1811fOkXTGS5poJMF8U5RzpF4zBQxCQlmg8NwUQycysifSwx0SaysgnBnX95kbTOaq5Tc2/PK/WrWRwlOIJjOAUXLqAON9CAJhB4hGd4hTfryXqx3q2PaeuSNZs5gD+wPn8AqVKVOQ==</latexit><latexit sha1_base64="q2hD52E9bJpuBXoGlSUFxkVbao8=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEF6UkIuiy6MZlBfvAJoTJZNIOnUzCzEQosQt/xY0LRdz6G+78G6ePhbYeuHA4517uvSfMOFPacb6tpeWV1bX10kZ5c2t7Z9fe22+pNJeENknKU9kJsaKcCdrUTHPaySTFSchpOxxcj/32A5WKpeJODzPqJ7gnWMwI1kYK7MP7gCGPCeQVbtUjUapVdeCNArvi1JwJ0CJxZ6QCMzQC+8uLUpInVGjCsVJd18m0X2CpGeF0VPZyRTNMBrhHu4YKnFDlF5P7R+jEKBGKU2lKaDRRf08UOFFqmISmM8G6r+a9sfif1811fOkXTGS5poJMF8U5RzpF4zBQxCQlmg8NwUQycysifSwx0SaysgnBnX95kbTOaq5Tc2/PK/WrWRwlOIJjOAUXLqAON9CAJhB4hGd4hTfryXqx3q2PaeuSNZs5gD+wPn8AqVKVOQ==</latexit>

(2, 10) 2 {1, · · · , n}2
<latexit sha1_base64="D0mSiZEQzlf6BTLzkC4kigNh6UI=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQoZRMEXRZdOOygn1AE8tkMmmHTiZhZiKU0IUbf8WNC0Xc+hHu/BunbRbaeuDC4Zx7ufceP+FMacf5tgpr6xubW8Xt0s7u3v6BfXjUUXEqCW2TmMey52NFORO0rZnmtJdIiiOf064/vp753QcqFYvFnZ4k1IvwULCQEayNNLDL1UYNOWfQZQK6Gaq5JIi1qgl3et8Y2BWn7swBVwnKSQXkaA3sLzeISRpRoQnHSvWRk2gvw1Izwum05KaKJpiM8ZD2DRU4osrL5k9M4alRAhjG0pTQcK7+nshwpNQk8k1nhPVILXsz8T+vn+rw0suYSFJNBVksClMOdQxnicCASUo0nxiCiWTmVkhGWGKiTW4lEwJafnmVdBp15NTR7XmleZXHUQRlcAKqAIEL0AQ3oAXagIBH8AxewZv1ZL1Y79bHorVg5TPH4A+szx820JXs</latexit><latexit sha1_base64="D0mSiZEQzlf6BTLzkC4kigNh6UI=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQoZRMEXRZdOOygn1AE8tkMmmHTiZhZiKU0IUbf8WNC0Xc+hHu/BunbRbaeuDC4Zx7ufceP+FMacf5tgpr6xubW8Xt0s7u3v6BfXjUUXEqCW2TmMey52NFORO0rZnmtJdIiiOf064/vp753QcqFYvFnZ4k1IvwULCQEayNNLDL1UYNOWfQZQK6Gaq5JIi1qgl3et8Y2BWn7swBVwnKSQXkaA3sLzeISRpRoQnHSvWRk2gvw1Izwum05KaKJpiM8ZD2DRU4osrL5k9M4alRAhjG0pTQcK7+nshwpNQk8k1nhPVILXsz8T+vn+rw0suYSFJNBVksClMOdQxnicCASUo0nxiCiWTmVkhGWGKiTW4lEwJafnmVdBp15NTR7XmleZXHUQRlcAKqAIEL0AQ3oAXagIBH8AxewZv1ZL1Y79bHorVg5TPH4A+szx820JXs</latexit><latexit sha1_base64="D0mSiZEQzlf6BTLzkC4kigNh6UI=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQoZRMEXRZdOOygn1AE8tkMmmHTiZhZiKU0IUbf8WNC0Xc+hHu/BunbRbaeuDC4Zx7ufceP+FMacf5tgpr6xubW8Xt0s7u3v6BfXjUUXEqCW2TmMey52NFORO0rZnmtJdIiiOf064/vp753QcqFYvFnZ4k1IvwULCQEayNNLDL1UYNOWfQZQK6Gaq5JIi1qgl3et8Y2BWn7swBVwnKSQXkaA3sLzeISRpRoQnHSvWRk2gvw1Izwum05KaKJpiM8ZD2DRU4osrL5k9M4alRAhjG0pTQcK7+nshwpNQk8k1nhPVILXsz8T+vn+rw0suYSFJNBVksClMOdQxnicCASUo0nxiCiWTmVkhGWGKiTW4lEwJafnmVdBp15NTR7XmleZXHUQRlcAKqAIEL0AQ3oAXagIBH8AxewZv1ZL1Y79bHorVg5TPH4A+szx820JXs</latexit><latexit sha1_base64="D0mSiZEQzlf6BTLzkC4kigNh6UI=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQoZRMEXRZdOOygn1AE8tkMmmHTiZhZiKU0IUbf8WNC0Xc+hHu/BunbRbaeuDC4Zx7ufceP+FMacf5tgpr6xubW8Xt0s7u3v6BfXjUUXEqCW2TmMey52NFORO0rZnmtJdIiiOf064/vp753QcqFYvFnZ4k1IvwULCQEayNNLDL1UYNOWfQZQK6Gaq5JIi1qgl3et8Y2BWn7swBVwnKSQXkaA3sLzeISRpRoQnHSvWRk2gvw1Izwum05KaKJpiM8ZD2DRU4osrL5k9M4alRAhjG0pTQcK7+nshwpNQk8k1nhPVILXsz8T+vn+rw0suYSFJNBVksClMOdQxnicCASUo0nxiCiWTmVkhGWGKiTW4lEwJafnmVdBp15NTR7XmleZXHUQRlcAKqAIEL0AQ3oAXagIBH8AxewZv1ZL1Y79bHorVg5TPH4A+szx820JXs</latexit>

Edge weight
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Constructing the Weighted Spatial Graph

Read i - Positions - 2,10  Values:000,011

Read j - Positions - 4,11  Values:01,101

Nodes -> Reads

Edge weight

Two node  features - unknown haplotype and known positions 

Zi
<latexit sha1_base64="QbK8B72zUbDRt3Q2mCRAtIr00e0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8e+6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPzLcjbo=</latexit><latexit sha1_base64="QbK8B72zUbDRt3Q2mCRAtIr00e0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8e+6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPzLcjbo=</latexit><latexit sha1_base64="QbK8B72zUbDRt3Q2mCRAtIr00e0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8e+6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPzLcjbo=</latexit><latexit sha1_base64="QbK8B72zUbDRt3Q2mCRAtIr00e0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8e+6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPzLcjbo=</latexit>

1
<latexit sha1_base64="hpaOv2G1q1F8JXdouZRL0hqoqcM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecZpwP6IjJULBKFrpwasMqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/m186I2dWGZIw1rYUkrn6eyKjkTHTKLCdEcWxWfZy8T+vl2J47WdCJSlyxRaLwlQSjEn+NhkKzRnKqSWUaWFvJWxMNWVow8lD8JZfXiXti7rn1r37y1rjpoijDCdwCufgwRU04A6a0AIGITzDK7w5E+fFeXc+Fq0lp5g5hj9wPn8ArtqMyQ==</latexit><latexit sha1_base64="hpaOv2G1q1F8JXdouZRL0hqoqcM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecZpwP6IjJULBKFrpwasMqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/m186I2dWGZIw1rYUkrn6eyKjkTHTKLCdEcWxWfZy8T+vl2J47WdCJSlyxRaLwlQSjEn+NhkKzRnKqSWUaWFvJWxMNWVow8lD8JZfXiXti7rn1r37y1rjpoijDCdwCufgwRU04A6a0AIGITzDK7w5E+fFeXc+Fq0lp5g5hj9wPn8ArtqMyQ==</latexit><latexit sha1_base64="hpaOv2G1q1F8JXdouZRL0hqoqcM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecZpwP6IjJULBKFrpwasMqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/m186I2dWGZIw1rYUkrn6eyKjkTHTKLCdEcWxWfZy8T+vl2J47WdCJSlyxRaLwlQSjEn+NhkKzRnKqSWUaWFvJWxMNWVow8lD8JZfXiXti7rn1r37y1rjpoijDCdwCufgwRU04A6a0AIGITzDK7w5E+fFeXc+Fq0lp5g5hj9wPn8ArtqMyQ==</latexit><latexit sha1_base64="hpaOv2G1q1F8JXdouZRL0hqoqcM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecZpwP6IjJULBKFrpwasMqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/m186I2dWGZIw1rYUkrn6eyKjkTHTKLCdEcWxWfZy8T+vl2J47WdCJSlyxRaLwlQSjEn+NhkKzRnKqSWUaWFvJWxMNWVow8lD8JZfXiXti7rn1r37y1rjpoijDCdwCufgwRU04A6a0AIGITzDK7w5E+fFeXc+Fq0lp5g5hj9wPn8ArtqMyQ==</latexit>

n
<latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit><latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit><latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit><latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit>

2

10

102

Zj
<latexit sha1_base64="3CJKgafMzAxz9f1zcLvivSQ0bKU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPbUDbbTbt2swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj66nfeuLaiFjd4zjhfkQHSoSCUbTS3UPvsVeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVT236t2eV2pXeRxFOIJjOAUPLqAGN1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AE0YI27</latexit><latexit sha1_base64="3CJKgafMzAxz9f1zcLvivSQ0bKU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPbUDbbTbt2swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj66nfeuLaiFjd4zjhfkQHSoSCUbTS3UPvsVeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVT236t2eV2pXeRxFOIJjOAUPLqAGN1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AE0YI27</latexit><latexit sha1_base64="3CJKgafMzAxz9f1zcLvivSQ0bKU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPbUDbbTbt2swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj66nfeuLaiFjd4zjhfkQHSoSCUbTS3UPvsVeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVT236t2eV2pXeRxFOIJjOAUPLqAGN1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AE0YI27</latexit><latexit sha1_base64="3CJKgafMzAxz9f1zcLvivSQ0bKU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPbUDbbTbt2swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj66nfeuLaiFjd4zjhfkQHSoSCUbTS3UPvsVeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVT236t2eV2pXeRxFOIJjOAUPLqAGN1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AE0YI27</latexit>

4

11

wij =
#Sites the reads agrees on�#Sites the reads di↵ers

#Total number of overlapping sites
<latexit sha1_base64="HudqrARcaaUpX4stgTuEbciKFXQ="></latexit><latexit sha1_base64="HudqrARcaaUpX4stgTuEbciKFXQ="></latexit><latexit sha1_base64="HudqrARcaaUpX4stgTuEbciKFXQ="></latexit><latexit sha1_base64="HudqrARcaaUpX4stgTuEbciKFXQ="></latexit>

wij =
2� 1

2 + 1
<latexit sha1_base64="fy74/BAdqu7ivwATjz0A9S5QiIc=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARBLFkiqAboejGZQX7gDaEyXTSjp1MwsxEKSFu/BU3LhRx61+482+ctllo64ELh3Pu5d57/JgzpR3n2yosLC4trxRXS2vrG5tb9vZOU0WJJLRBIh7Jto8V5UzQhmaa03YsKQ59Tlv+8Grst+6pVCwSt3oUUzfEfcECRrA2kmfvPXgpu8vgBewGEpO0eoKytHqMMs8uOxVnAjhPUE7KIEfds7+6vYgkIRWacKxUBzmxdlMsNSOcZqVuomiMyRD3acdQgUOq3HTyQQYPjdKDQSRNCQ0n6u+JFIdKjULfdIZYD9SsNxb/8zqJDs7dlIk40VSQ6aIg4VBHcBwH7DFJieYjQzCRzNwKyQCbJLQJrWRCQLMvz5NmtYKcCro5Ldcu8ziKYB8cgCOAwBmogWtQBw1AwCN4Bq/gzXqyXqx362PaWrDymV3wB9bnD7YOlb8=</latexit><latexit sha1_base64="fy74/BAdqu7ivwATjz0A9S5QiIc=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARBLFkiqAboejGZQX7gDaEyXTSjp1MwsxEKSFu/BU3LhRx61+482+ctllo64ELh3Pu5d57/JgzpR3n2yosLC4trxRXS2vrG5tb9vZOU0WJJLRBIh7Jto8V5UzQhmaa03YsKQ59Tlv+8Grst+6pVCwSt3oUUzfEfcECRrA2kmfvPXgpu8vgBewGEpO0eoKytHqMMs8uOxVnAjhPUE7KIEfds7+6vYgkIRWacKxUBzmxdlMsNSOcZqVuomiMyRD3acdQgUOq3HTyQQYPjdKDQSRNCQ0n6u+JFIdKjULfdIZYD9SsNxb/8zqJDs7dlIk40VSQ6aIg4VBHcBwH7DFJieYjQzCRzNwKyQCbJLQJrWRCQLMvz5NmtYKcCro5Ldcu8ziKYB8cgCOAwBmogWtQBw1AwCN4Bq/gzXqyXqx362PaWrDymV3wB9bnD7YOlb8=</latexit><latexit sha1_base64="fy74/BAdqu7ivwATjz0A9S5QiIc=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARBLFkiqAboejGZQX7gDaEyXTSjp1MwsxEKSFu/BU3LhRx61+482+ctllo64ELh3Pu5d57/JgzpR3n2yosLC4trxRXS2vrG5tb9vZOU0WJJLRBIh7Jto8V5UzQhmaa03YsKQ59Tlv+8Grst+6pVCwSt3oUUzfEfcECRrA2kmfvPXgpu8vgBewGEpO0eoKytHqMMs8uOxVnAjhPUE7KIEfds7+6vYgkIRWacKxUBzmxdlMsNSOcZqVuomiMyRD3acdQgUOq3HTyQQYPjdKDQSRNCQ0n6u+JFIdKjULfdIZYD9SsNxb/8zqJDs7dlIk40VSQ6aIg4VBHcBwH7DFJieYjQzCRzNwKyQCbJLQJrWRCQLMvz5NmtYKcCro5Ldcu8ziKYB8cgCOAwBmogWtQBw1AwCN4Bq/gzXqyXqx362PaWrDymV3wB9bnD7YOlb8=</latexit><latexit sha1_base64="fy74/BAdqu7ivwATjz0A9S5QiIc=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARBLFkiqAboejGZQX7gDaEyXTSjp1MwsxEKSFu/BU3LhRx61+482+ctllo64ELh3Pu5d57/JgzpR3n2yosLC4trxRXS2vrG5tb9vZOU0WJJLRBIh7Jto8V5UzQhmaa03YsKQ59Tlv+8Grst+6pVCwSt3oUUzfEfcECRrA2kmfvPXgpu8vgBewGEpO0eoKytHqMMs8uOxVnAjhPUE7KIEfds7+6vYgkIRWacKxUBzmxdlMsNSOcZqVuomiMyRD3acdQgUOq3HTyQQYPjdKDQSRNCQ0n6u+JFIdKjULfdIZYD9SsNxb/8zqJDs7dlIk40VSQ6aIg4VBHcBwH7DFJieYjQzCRzNwKyQCbJLQJrWRCQLMvz5NmtYKcCro5Ldcu8ziKYB8cgCOAwBmogWtQBw1AwCN4Bq/gzXqyXqx362PaWrDymV3wB9bnD7YOlb8=</latexit>

Overlapping Sites = {4, 10, 11}
<latexit sha1_base64="pv4oefC16C7SQB7kSj3LRZVNn5w=">AAACD3icbVC7SgNBFJ31GeMramkzGBQLCTsS0EYI2tgZ0SRCNoTZyU0cnJ1dZu6KYckf2PgrNhaK2Nra+TdOHoWvAwOHc87lzj1hoqRF3//0pqZnZufmcwv5xaXlldXC2nrdxqkRUBOxis1VyC0oqaGGEhVcJQZ4FCpohDcnQ79xC8bKWF9iP4FWxHtadqXg6KR2YSdAuMPszGUUTxKpe/RCItgBPaJBVt5j/h5jwaBdKPolfwT6l7AJKZIJqu3CR9CJRRqBRqG4tU3mJ9jKuEEpFAzyQWoh4eKG96DpqOYR2FY2umdAt53Sod3YuKeRjtTvExmPrO1HoUtGHK/tb28o/uc1U+wetjKpkxRBi/GibqooxnRYDu1IAwJV3xEujHR/peKaGy7QVZh3JbDfJ/8l9f0S80vsvFysHE/qyJFNskV2CSMHpEJOSZXUiCD35JE8kxfvwXvyXr23cXTKm8xskB/w3r8AMPmbaw==</latexit><latexit sha1_base64="pv4oefC16C7SQB7kSj3LRZVNn5w=">AAACD3icbVC7SgNBFJ31GeMramkzGBQLCTsS0EYI2tgZ0SRCNoTZyU0cnJ1dZu6KYckf2PgrNhaK2Nra+TdOHoWvAwOHc87lzj1hoqRF3//0pqZnZufmcwv5xaXlldXC2nrdxqkRUBOxis1VyC0oqaGGEhVcJQZ4FCpohDcnQ79xC8bKWF9iP4FWxHtadqXg6KR2YSdAuMPszGUUTxKpe/RCItgBPaJBVt5j/h5jwaBdKPolfwT6l7AJKZIJqu3CR9CJRRqBRqG4tU3mJ9jKuEEpFAzyQWoh4eKG96DpqOYR2FY2umdAt53Sod3YuKeRjtTvExmPrO1HoUtGHK/tb28o/uc1U+wetjKpkxRBi/GibqooxnRYDu1IAwJV3xEujHR/peKaGy7QVZh3JbDfJ/8l9f0S80vsvFysHE/qyJFNskV2CSMHpEJOSZXUiCD35JE8kxfvwXvyXr23cXTKm8xskB/w3r8AMPmbaw==</latexit><latexit sha1_base64="pv4oefC16C7SQB7kSj3LRZVNn5w=">AAACD3icbVC7SgNBFJ31GeMramkzGBQLCTsS0EYI2tgZ0SRCNoTZyU0cnJ1dZu6KYckf2PgrNhaK2Nra+TdOHoWvAwOHc87lzj1hoqRF3//0pqZnZufmcwv5xaXlldXC2nrdxqkRUBOxis1VyC0oqaGGEhVcJQZ4FCpohDcnQ79xC8bKWF9iP4FWxHtadqXg6KR2YSdAuMPszGUUTxKpe/RCItgBPaJBVt5j/h5jwaBdKPolfwT6l7AJKZIJqu3CR9CJRRqBRqG4tU3mJ9jKuEEpFAzyQWoh4eKG96DpqOYR2FY2umdAt53Sod3YuKeRjtTvExmPrO1HoUtGHK/tb28o/uc1U+wetjKpkxRBi/GibqooxnRYDu1IAwJV3xEujHR/peKaGy7QVZh3JbDfJ/8l9f0S80vsvFysHE/qyJFNskV2CSMHpEJOSZXUiCD35JE8kxfvwXvyXr23cXTKm8xskB/w3r8AMPmbaw==</latexit><latexit sha1_base64="pv4oefC16C7SQB7kSj3LRZVNn5w=">AAACD3icbVC7SgNBFJ31GeMramkzGBQLCTsS0EYI2tgZ0SRCNoTZyU0cnJ1dZu6KYckf2PgrNhaK2Nra+TdOHoWvAwOHc87lzj1hoqRF3//0pqZnZufmcwv5xaXlldXC2nrdxqkRUBOxis1VyC0oqaGGEhVcJQZ4FCpohDcnQ79xC8bKWF9iP4FWxHtadqXg6KR2YSdAuMPszGUUTxKpe/RCItgBPaJBVt5j/h5jwaBdKPolfwT6l7AJKZIJqu3CR9CJRRqBRqG4tU3mJ9jKuEEpFAzyQWoh4eKG96DpqOYR2FY2umdAt53Sod3YuKeRjtTvExmPrO1HoUtGHK/tb28o/uc1U+wetjKpkxRBi/GibqooxnRYDu1IAwJV3xEujHR/peKaGy7QVZh3JbDfJ/8l9f0S80vsvFysHE/qyJFNskV2CSMHpEJOSZXUiCD35JE8kxfvwXvyXr23cXTKm8xskB/w3r8AMPmbaw==</latexit>

4 11

Zi 2 {1, · · · , k}
<latexit sha1_base64="q2hD52E9bJpuBXoGlSUFxkVbao8=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEF6UkIuiy6MZlBfvAJoTJZNIOnUzCzEQosQt/xY0LRdz6G+78G6ePhbYeuHA4517uvSfMOFPacb6tpeWV1bX10kZ5c2t7Z9fe22+pNJeENknKU9kJsaKcCdrUTHPaySTFSchpOxxcj/32A5WKpeJODzPqJ7gnWMwI1kYK7MP7gCGPCeQVbtUjUapVdeCNArvi1JwJ0CJxZ6QCMzQC+8uLUpInVGjCsVJd18m0X2CpGeF0VPZyRTNMBrhHu4YKnFDlF5P7R+jEKBGKU2lKaDRRf08UOFFqmISmM8G6r+a9sfif1811fOkXTGS5poJMF8U5RzpF4zBQxCQlmg8NwUQycysifSwx0SaysgnBnX95kbTOaq5Tc2/PK/WrWRwlOIJjOAUXLqAON9CAJhB4hGd4hTfryXqx3q2PaeuSNZs5gD+wPn8AqVKVOQ==</latexit><latexit sha1_base64="q2hD52E9bJpuBXoGlSUFxkVbao8=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEF6UkIuiy6MZlBfvAJoTJZNIOnUzCzEQosQt/xY0LRdz6G+78G6ePhbYeuHA4517uvSfMOFPacb6tpeWV1bX10kZ5c2t7Z9fe22+pNJeENknKU9kJsaKcCdrUTHPaySTFSchpOxxcj/32A5WKpeJODzPqJ7gnWMwI1kYK7MP7gCGPCeQVbtUjUapVdeCNArvi1JwJ0CJxZ6QCMzQC+8uLUpInVGjCsVJd18m0X2CpGeF0VPZyRTNMBrhHu4YKnFDlF5P7R+jEKBGKU2lKaDRRf08UOFFqmISmM8G6r+a9sfif1811fOkXTGS5poJMF8U5RzpF4zBQxCQlmg8NwUQycysifSwx0SaysgnBnX95kbTOaq5Tc2/PK/WrWRwlOIJjOAUXLqAON9CAJhB4hGd4hTfryXqx3q2PaeuSNZs5gD+wPn8AqVKVOQ==</latexit><latexit sha1_base64="q2hD52E9bJpuBXoGlSUFxkVbao8=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEF6UkIuiy6MZlBfvAJoTJZNIOnUzCzEQosQt/xY0LRdz6G+78G6ePhbYeuHA4517uvSfMOFPacb6tpeWV1bX10kZ5c2t7Z9fe22+pNJeENknKU9kJsaKcCdrUTHPaySTFSchpOxxcj/32A5WKpeJODzPqJ7gnWMwI1kYK7MP7gCGPCeQVbtUjUapVdeCNArvi1JwJ0CJxZ6QCMzQC+8uLUpInVGjCsVJd18m0X2CpGeF0VPZyRTNMBrhHu4YKnFDlF5P7R+jEKBGKU2lKaDRRf08UOFFqmISmM8G6r+a9sfif1811fOkXTGS5poJMF8U5RzpF4zBQxCQlmg8NwUQycysifSwx0SaysgnBnX95kbTOaq5Tc2/PK/WrWRwlOIJjOAUXLqAON9CAJhB4hGd4hTfryXqx3q2PaeuSNZs5gD+wPn8AqVKVOQ==</latexit><latexit sha1_base64="q2hD52E9bJpuBXoGlSUFxkVbao8=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEF6UkIuiy6MZlBfvAJoTJZNIOnUzCzEQosQt/xY0LRdz6G+78G6ePhbYeuHA4517uvSfMOFPacb6tpeWV1bX10kZ5c2t7Z9fe22+pNJeENknKU9kJsaKcCdrUTHPaySTFSchpOxxcj/32A5WKpeJODzPqJ7gnWMwI1kYK7MP7gCGPCeQVbtUjUapVdeCNArvi1JwJ0CJxZ6QCMzQC+8uLUpInVGjCsVJd18m0X2CpGeF0VPZyRTNMBrhHu4YKnFDlF5P7R+jEKBGKU2lKaDRRf08UOFFqmISmM8G6r+a9sfif1811fOkXTGS5poJMF8U5RzpF4zBQxCQlmg8NwUQycysifSwx0SaysgnBnX95kbTOaq5Tc2/PK/WrWRwlOIJjOAUXLqAON9CAJhB4hGd4hTfryXqx3q2PaeuSNZs5gD+wPn8AqVKVOQ==</latexit>

(2, 10) 2 {1, · · · , n}2
<latexit sha1_base64="D0mSiZEQzlf6BTLzkC4kigNh6UI=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQoZRMEXRZdOOygn1AE8tkMmmHTiZhZiKU0IUbf8WNC0Xc+hHu/BunbRbaeuDC4Zx7ufceP+FMacf5tgpr6xubW8Xt0s7u3v6BfXjUUXEqCW2TmMey52NFORO0rZnmtJdIiiOf064/vp753QcqFYvFnZ4k1IvwULCQEayNNLDL1UYNOWfQZQK6Gaq5JIi1qgl3et8Y2BWn7swBVwnKSQXkaA3sLzeISRpRoQnHSvWRk2gvw1Izwum05KaKJpiM8ZD2DRU4osrL5k9M4alRAhjG0pTQcK7+nshwpNQk8k1nhPVILXsz8T+vn+rw0suYSFJNBVksClMOdQxnicCASUo0nxiCiWTmVkhGWGKiTW4lEwJafnmVdBp15NTR7XmleZXHUQRlcAKqAIEL0AQ3oAXagIBH8AxewZv1ZL1Y79bHorVg5TPH4A+szx820JXs</latexit><latexit sha1_base64="D0mSiZEQzlf6BTLzkC4kigNh6UI=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQoZRMEXRZdOOygn1AE8tkMmmHTiZhZiKU0IUbf8WNC0Xc+hHu/BunbRbaeuDC4Zx7ufceP+FMacf5tgpr6xubW8Xt0s7u3v6BfXjUUXEqCW2TmMey52NFORO0rZnmtJdIiiOf064/vp753QcqFYvFnZ4k1IvwULCQEayNNLDL1UYNOWfQZQK6Gaq5JIi1qgl3et8Y2BWn7swBVwnKSQXkaA3sLzeISRpRoQnHSvWRk2gvw1Izwum05KaKJpiM8ZD2DRU4osrL5k9M4alRAhjG0pTQcK7+nshwpNQk8k1nhPVILXsz8T+vn+rw0suYSFJNBVksClMOdQxnicCASUo0nxiCiWTmVkhGWGKiTW4lEwJafnmVdBp15NTR7XmleZXHUQRlcAKqAIEL0AQ3oAXagIBH8AxewZv1ZL1Y79bHorVg5TPH4A+szx820JXs</latexit><latexit sha1_base64="D0mSiZEQzlf6BTLzkC4kigNh6UI=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQoZRMEXRZdOOygn1AE8tkMmmHTiZhZiKU0IUbf8WNC0Xc+hHu/BunbRbaeuDC4Zx7ufceP+FMacf5tgpr6xubW8Xt0s7u3v6BfXjUUXEqCW2TmMey52NFORO0rZnmtJdIiiOf064/vp753QcqFYvFnZ4k1IvwULCQEayNNLDL1UYNOWfQZQK6Gaq5JIi1qgl3et8Y2BWn7swBVwnKSQXkaA3sLzeISRpRoQnHSvWRk2gvw1Izwum05KaKJpiM8ZD2DRU4osrL5k9M4alRAhjG0pTQcK7+nshwpNQk8k1nhPVILXsz8T+vn+rw0suYSFJNBVksClMOdQxnicCASUo0nxiCiWTmVkhGWGKiTW4lEwJafnmVdBp15NTR7XmleZXHUQRlcAKqAIEL0AQ3oAXagIBH8AxewZv1ZL1Y79bHorVg5TPH4A+szx820JXs</latexit><latexit sha1_base64="D0mSiZEQzlf6BTLzkC4kigNh6UI=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQoZRMEXRZdOOygn1AE8tkMmmHTiZhZiKU0IUbf8WNC0Xc+hHu/BunbRbaeuDC4Zx7ufceP+FMacf5tgpr6xubW8Xt0s7u3v6BfXjUUXEqCW2TmMey52NFORO0rZnmtJdIiiOf064/vp753QcqFYvFnZ4k1IvwULCQEayNNLDL1UYNOWfQZQK6Gaq5JIi1qgl3et8Y2BWn7swBVwnKSQXkaA3sLzeISRpRoQnHSvWRk2gvw1Izwum05KaKJpiM8ZD2DRU4osrL5k9M4alRAhjG0pTQcK7+nshwpNQk8k1nhPVILXsz8T+vn+rw0suYSFJNBVksClMOdQxnicCASUo0nxiCiWTmVkhGWGKiTW4lEwJafnmVdBp15NTR7XmleZXHUQRlcAKqAIEL0AQ3oAXagIBH8AxewZv1ZL1Y79bHorVg5TPH4A+szx820JXs</latexit>
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Benchmark simulation data with 4 strings and string length 700. 

Example Node Embeddings of Reads 9



Euclidean Community Detection
Task - Cluster nodes of     according to haplotypes the read originates from

Key Structure in the graph       

1. Edges are localized in space

2. On average, larger weight between nodes of the same cluster(haplotype)

3. The density of reads belonging to different clusters are identical in space

G
<latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit>

G
<latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit>

Not standard graph clustering due to presence of spatial labels
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Key Structure in G

1. Edges are localized in space

2. On avg, larger weight between nodes of the same cluster(haplotype)

Paired-end reads are typically short

wij =
#Sites the reads agrees on�#Sites the reads di↵ers

#Total number of overlapping sites
<latexit sha1_base64="HudqrARcaaUpX4stgTuEbciKFXQ="></latexit><latexit sha1_base64="HudqrARcaaUpX4stgTuEbciKFXQ="></latexit><latexit sha1_base64="HudqrARcaaUpX4stgTuEbciKFXQ="></latexit><latexit sha1_base64="HudqrARcaaUpX4stgTuEbciKFXQ="></latexit>

0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 01 1 1 1 1 1 1

1111111111 s
<latexit sha1_base64="J6xFw90Z2QEOsXZN4W7UZxGyO0g=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhZmaDas2tu3OQVeIVpAYFmoPqV38YszTiCpmkxvQ8N0E/oxoFk3xW6aeGJ5RN6Ij3LFU04sbP5oln5MwqQxLG2j6FZK7+3shoZMw0CuxkntAse7n4n9dLMbz2M6GSFLlii4/CVBKMSX4+GQrNGcqpJZRpYbMSNqaaMrQlVWwJ3vLJq6R9Uffcund/WWvcFHWU4QRO4Rw8uIIG3EETWsBAwTO8wptjnBfn3flYjJacYucY/sD5/AH1oJEX</latexit><latexit sha1_base64="J6xFw90Z2QEOsXZN4W7UZxGyO0g=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhZmaDas2tu3OQVeIVpAYFmoPqV38YszTiCpmkxvQ8N0E/oxoFk3xW6aeGJ5RN6Ij3LFU04sbP5oln5MwqQxLG2j6FZK7+3shoZMw0CuxkntAse7n4n9dLMbz2M6GSFLlii4/CVBKMSX4+GQrNGcqpJZRpYbMSNqaaMrQlVWwJ3vLJq6R9Uffcund/WWvcFHWU4QRO4Rw8uIIG3EETWsBAwTO8wptjnBfn3flYjJacYucY/sD5/AH1oJEX</latexit><latexit sha1_base64="J6xFw90Z2QEOsXZN4W7UZxGyO0g=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhZmaDas2tu3OQVeIVpAYFmoPqV38YszTiCpmkxvQ8N0E/oxoFk3xW6aeGJ5RN6Ij3LFU04sbP5oln5MwqQxLG2j6FZK7+3shoZMw0CuxkntAse7n4n9dLMbz2M6GSFLlii4/CVBKMSX4+GQrNGcqpJZRpYbMSNqaaMrQlVWwJ3vLJq6R9Uffcund/WWvcFHWU4QRO4Rw8uIIG3EETWsBAwTO8wptjnBfn3flYjJacYucY/sD5/AH1oJEX</latexit><latexit sha1_base64="J6xFw90Z2QEOsXZN4W7UZxGyO0g=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhZmaDas2tu3OQVeIVpAYFmoPqV38YszTiCpmkxvQ8N0E/oxoFk3xW6aeGJ5RN6Ij3LFU04sbP5oln5MwqQxLG2j6FZK7+3shoZMw0CuxkntAse7n4n9dLMbz2M6GSFLlii4/CVBKMSX4+GQrNGcqpJZRpYbMSNqaaMrQlVWwJ3vLJq6R9Uffcund/WWvcFHWU4QRO4Rw8uIIG3EETWsBAwTO8wptjnBfn3flYjJacYucY/sD5/AH1oJEX</latexit>

sc
<latexit sha1_base64="4VP6S1it5Tc17EBEy6QMMJXSu88=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaacmkmTY0yQxJRinD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTxq6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMb3O/80iVZpF8MLOY+gKPJQsZwcZKg77AZhKEqc4GKcmG1Zpbd+dAq8QrSA0KNIfVr/4oIomg0hCOte55bmz8FCvDCKdZpZ9oGmMyxWPas1RiQbWfzlNn6MwqIxRGyj5p0Fz9vZFiofVMBHYyT6mXvVz8z+slJrz2UybjxFBJFofChCMTobwCNGKKEsNnlmCimM2KyAQrTIwtqmJL8Ja/vEraF3XPrXv3l7XGTVFHGU7gFM7BgytowB00oQUEFDzDK7w5T86L8+58LEZLTrFzDH/gfP4AOXuS+A==</latexit><latexit sha1_base64="4VP6S1it5Tc17EBEy6QMMJXSu88=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaacmkmTY0yQxJRinD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTxq6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMb3O/80iVZpF8MLOY+gKPJQsZwcZKg77AZhKEqc4GKcmG1Zpbd+dAq8QrSA0KNIfVr/4oIomg0hCOte55bmz8FCvDCKdZpZ9oGmMyxWPas1RiQbWfzlNn6MwqIxRGyj5p0Fz9vZFiofVMBHYyT6mXvVz8z+slJrz2UybjxFBJFofChCMTobwCNGKKEsNnlmCimM2KyAQrTIwtqmJL8Ja/vEraF3XPrXv3l7XGTVFHGU7gFM7BgytowB00oQUEFDzDK7w5T86L8+58LEZLTrFzDH/gfP4AOXuS+A==</latexit><latexit sha1_base64="4VP6S1it5Tc17EBEy6QMMJXSu88=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaacmkmTY0yQxJRinD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTxq6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMb3O/80iVZpF8MLOY+gKPJQsZwcZKg77AZhKEqc4GKcmG1Zpbd+dAq8QrSA0KNIfVr/4oIomg0hCOte55bmz8FCvDCKdZpZ9oGmMyxWPas1RiQbWfzlNn6MwqIxRGyj5p0Fz9vZFiofVMBHYyT6mXvVz8z+slJrz2UybjxFBJFofChCMTobwCNGKKEsNnlmCimM2KyAQrTIwtqmJL8Ja/vEraF3XPrXv3l7XGTVFHGU7gFM7BgytowB00oQUEFDzDK7w5T86L8+58LEZLTrFzDH/gfP4AOXuS+A==</latexit><latexit sha1_base64="4VP6S1it5Tc17EBEy6QMMJXSu88=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaacmkmTY0yQxJRinD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTxq6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMb3O/80iVZpF8MLOY+gKPJQsZwcZKg77AZhKEqc4GKcmG1Zpbd+dAq8QrSA0KNIfVr/4oIomg0hCOte55bmz8FCvDCKdZpZ9oGmMyxWPas1RiQbWfzlNn6MwqIxRGyj5p0Fz9vZFiofVMBHYyT6mXvVz8z+slJrz2UybjxFBJFofChCMTobwCNGKKEsNnlmCimM2KyAQrTIwtqmJL8Ja/vEraF3XPrXv3l7XGTVFHGU7gFM7BgytowB00oQUEFDzDK7w5T86L8+58LEZLTrFzDH/gfP4AOXuS+A==</latexit>

3. The density of reads belonging to different clusters are identical in space

In each location (x,y) of G, a read(node) is equally likely to be from any haplotype
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Key Structure in G
3. The density of reads belonging to different clusters are identical in space

The impact of this assumption 

Standard Spectral Clustering ignoring spatial data fails

In each location (x,y) - a read is equally likely to be from any haplotype

Spatially unbalanced clusters are recovered.
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Euclidean Community Detection

1) Spectral Clustering of sub-graph in each block

2) Sequentially synchronize the clusters in different blocks

Statistical benefits


  - Increased Precision as a node is in multiple boxes and hence, multiple estimates


 -  Regularization for equal density of haplotypes in space

Computational benefits


  - Only perform clustering on small sub-graphs


Algorithm
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Proposed Algorithm

1) Create a weighted spatial graph

2) Cluster nodes(reads) into those originating from same haplotype

3) Reconstruct position by position as the majority alphabet among the 
reads estimated to come from this haplotype and covering the position

s1
<latexit sha1_base64="xtv+W/O1eUUw2hlh9I3lib9TC4s=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2L+3SzSbsboQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6iRTDDssEYnqhVSj4BI7hhuBvVQhjUOBj+HktvAfn1BpnsgHM00xiOlI8ogzaqzk+zE14zDK9WzgDeoNt+nOQVaJV5IGlGgP6l/+MGFZjNIwQbXue25qgpwqw5nAWc3PNKaUTegI+5ZKGqMO8nnmGTmzypBEibJPGjJXf2/kNNZ6God2ssiol71C/M/rZya6DnIu08ygZItDUSaISUhRABlyhcyIqSWUKW6zEjamijJja6rZErzlL6+S7kXTc5ve/WWjdVPWUYUTOIVz8OAKWnAHbegAgxSe4RXenMx5cd6dj8VoxSl3juEPnM8fIr2Ruw==</latexit><latexit sha1_base64="xtv+W/O1eUUw2hlh9I3lib9TC4s=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2L+3SzSbsboQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6iRTDDssEYnqhVSj4BI7hhuBvVQhjUOBj+HktvAfn1BpnsgHM00xiOlI8ogzaqzk+zE14zDK9WzgDeoNt+nOQVaJV5IGlGgP6l/+MGFZjNIwQbXue25qgpwqw5nAWc3PNKaUTegI+5ZKGqMO8nnmGTmzypBEibJPGjJXf2/kNNZ6God2ssiol71C/M/rZya6DnIu08ygZItDUSaISUhRABlyhcyIqSWUKW6zEjamijJja6rZErzlL6+S7kXTc5ve/WWjdVPWUYUTOIVz8OAKWnAHbegAgxSe4RXenMx5cd6dj8VoxSl3juEPnM8fIr2Ruw==</latexit><latexit sha1_base64="xtv+W/O1eUUw2hlh9I3lib9TC4s=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2L+3SzSbsboQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6iRTDDssEYnqhVSj4BI7hhuBvVQhjUOBj+HktvAfn1BpnsgHM00xiOlI8ogzaqzk+zE14zDK9WzgDeoNt+nOQVaJV5IGlGgP6l/+MGFZjNIwQbXue25qgpwqw5nAWc3PNKaUTegI+5ZKGqMO8nnmGTmzypBEibJPGjJXf2/kNNZ6God2ssiol71C/M/rZya6DnIu08ygZItDUSaISUhRABlyhcyIqSWUKW6zEjamijJja6rZErzlL6+S7kXTc5ve/WWjdVPWUYUTOIVz8OAKWnAHbegAgxSe4RXenMx5cd6dj8VoxSl3juEPnM8fIr2Ruw==</latexit><latexit sha1_base64="xtv+W/O1eUUw2hlh9I3lib9TC4s=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2L+3SzSbsboQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6iRTDDssEYnqhVSj4BI7hhuBvVQhjUOBj+HktvAfn1BpnsgHM00xiOlI8ogzaqzk+zE14zDK9WzgDeoNt+nOQVaJV5IGlGgP6l/+MGFZjNIwQbXue25qgpwqw5nAWc3PNKaUTegI+5ZKGqMO8nnmGTmzypBEibJPGjJXf2/kNNZ6God2ssiol71C/M/rZya6DnIu08ygZItDUSaISUhRABlyhcyIqSWUKW6zEjamijJja6rZErzlL6+S7kXTc5ve/WWjdVPWUYUTOIVz8OAKWnAHbegAgxSe4RXenMx5cd6dj8VoxSl3juEPnM8fIr2Ruw==</latexit>

s2
<latexit sha1_base64="zv16950mHoxAi/VeQQJICgPJvI0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhg4iOlQgFo2gl348oToIwM/NhY1ituXV3AbJOvILUoEBrWP3yRzFLI66QSWpM33MTHGRUo2CSzyt+anhC2ZSOed9SRSNuBtki85xcWGVEwljbp5As1N8bGY2MmUWBncwzmlUvF//z+imGN4NMqCRFrtjyUJhKgjHJCyAjoTlDObOEMi1sVsImVFOGtqaKLcFb/fI66TTqnlv3Hq5qzduijjKcwTlcggfX0IR7aEEbGCTwDK/w5qTOi/PufCxHS06xcwp/4Hz+ACRBkbw=</latexit><latexit sha1_base64="zv16950mHoxAi/VeQQJICgPJvI0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhg4iOlQgFo2gl348oToIwM/NhY1ituXV3AbJOvILUoEBrWP3yRzFLI66QSWpM33MTHGRUo2CSzyt+anhC2ZSOed9SRSNuBtki85xcWGVEwljbp5As1N8bGY2MmUWBncwzmlUvF//z+imGN4NMqCRFrtjyUJhKgjHJCyAjoTlDObOEMi1sVsImVFOGtqaKLcFb/fI66TTqnlv3Hq5qzduijjKcwTlcggfX0IR7aEEbGCTwDK/w5qTOi/PufCxHS06xcwp/4Hz+ACRBkbw=</latexit><latexit sha1_base64="zv16950mHoxAi/VeQQJICgPJvI0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhg4iOlQgFo2gl348oToIwM/NhY1ituXV3AbJOvILUoEBrWP3yRzFLI66QSWpM33MTHGRUo2CSzyt+anhC2ZSOed9SRSNuBtki85xcWGVEwljbp5As1N8bGY2MmUWBncwzmlUvF//z+imGN4NMqCRFrtjyUJhKgjHJCyAjoTlDObOEMi1sVsImVFOGtqaKLcFb/fI66TTqnlv3Hq5qzduijjKcwTlcggfX0IR7aEEbGCTwDK/w5qTOi/PufCxHS06xcwp/4Hz+ACRBkbw=</latexit><latexit sha1_base64="zv16950mHoxAi/VeQQJICgPJvI0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhg4iOlQgFo2gl348oToIwM/NhY1ituXV3AbJOvILUoEBrWP3yRzFLI66QSWpM33MTHGRUo2CSzyt+anhC2ZSOed9SRSNuBtki85xcWGVEwljbp5As1N8bGY2MmUWBncwzmlUvF//z+imGN4NMqCRFrtjyUJhKgjHJCyAjoTlDObOEMi1sVsImVFOGtqaKLcFb/fI66TTqnlv3Hq5qzduijjKcwTlcggfX0IR7aEEbGCTwDK/w5qTOi/PufCxHS06xcwp/4Hz+ACRBkbw=</latexit>

}
<latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit>

Reads estimated in step 2 to come from s2
<latexit sha1_base64="zv16950mHoxAi/VeQQJICgPJvI0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhg4iOlQgFo2gl348oToIwM/NhY1ituXV3AbJOvILUoEBrWP3yRzFLI66QSWpM33MTHGRUo2CSzyt+anhC2ZSOed9SRSNuBtki85xcWGVEwljbp5As1N8bGY2MmUWBncwzmlUvF//z+imGN4NMqCRFrtjyUJhKgjHJCyAjoTlDObOEMi1sVsImVFOGtqaKLcFb/fI66TTqnlv3Hq5qzduijjKcwTlcggfX0IR7aEEbGCTwDK/w5qTOi/PufCxHS06xcwp/4Hz+ACRBkbw=</latexit><latexit sha1_base64="zv16950mHoxAi/VeQQJICgPJvI0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhg4iOlQgFo2gl348oToIwM/NhY1ituXV3AbJOvILUoEBrWP3yRzFLI66QSWpM33MTHGRUo2CSzyt+anhC2ZSOed9SRSNuBtki85xcWGVEwljbp5As1N8bGY2MmUWBncwzmlUvF//z+imGN4NMqCRFrtjyUJhKgjHJCyAjoTlDObOEMi1sVsImVFOGtqaKLcFb/fI66TTqnlv3Hq5qzduijjKcwTlcggfX0IR7aEEbGCTwDK/w5qTOi/PufCxHS06xcwp/4Hz+ACRBkbw=</latexit><latexit sha1_base64="zv16950mHoxAi/VeQQJICgPJvI0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhg4iOlQgFo2gl348oToIwM/NhY1ituXV3AbJOvILUoEBrWP3yRzFLI66QSWpM33MTHGRUo2CSzyt+anhC2ZSOed9SRSNuBtki85xcWGVEwljbp5As1N8bGY2MmUWBncwzmlUvF//z+imGN4NMqCRFrtjyUJhKgjHJCyAjoTlDObOEMi1sVsImVFOGtqaKLcFb/fI66TTqnlv3Hq5qzduijjKcwTlcggfX0IR7aEEbGCTwDK/w5qTOi/PufCxHS06xcwp/4Hz+ACRBkbw=</latexit><latexit sha1_base64="zv16950mHoxAi/VeQQJICgPJvI0=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhg4iOlQgFo2gl348oToIwM/NhY1ituXV3AbJOvILUoEBrWP3yRzFLI66QSWpM33MTHGRUo2CSzyt+anhC2ZSOed9SRSNuBtki85xcWGVEwljbp5As1N8bGY2MmUWBncwzmlUvF//z+imGN4NMqCRFrtjyUJhKgjHJCyAjoTlDObOEMi1sVsImVFOGtqaKLcFb/fI66TTqnlv3Hq5qzduijjKcwTlcggfX0IR7aEEbGCTwDK/w5qTOi/PufCxHS06xcwp/4Hz+ACRBkbw=</latexit>

Euclidean Community Detection

Reads -> Nodes with spatial embedding

G
<latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit>

14



Performance Metrics
1. CPR (Correct Phasing Rate) - Fraction of sites correctly recovered

max
⇡2Sk

1

m

mX

i=1

kY

l=1

1bsl[i]=s⇡(l)[i]

<latexit sha1_base64="/jj2+GMZZ7daGEqJgfAp3JZjR0M="></latexit><latexit sha1_base64="/jj2+GMZZ7daGEqJgfAp3JZjR0M="></latexit><latexit sha1_base64="/jj2+GMZZ7daGEqJgfAp3JZjR0M="></latexit><latexit sha1_base64="/jj2+GMZZ7daGEqJgfAp3JZjR0M="></latexit>

(Needs ground truth to compute)

15

Ground truth The two possible permutations of estimates

0 0

0 01 1

11 0 1

0 01 0

11
or CPR = 0.75



Performance Metrics
1. CPR (Correct Phasing Rate) - Fraction of sites correctly recovered

max
⇡2Sk

1

m

mX

i=1

kY

l=1

1bsl[i]=s⇡(l)[i]

<latexit sha1_base64="/jj2+GMZZ7daGEqJgfAp3JZjR0M="></latexit><latexit sha1_base64="/jj2+GMZZ7daGEqJgfAp3JZjR0M="></latexit><latexit sha1_base64="/jj2+GMZZ7daGEqJgfAp3JZjR0M="></latexit><latexit sha1_base64="/jj2+GMZZ7daGEqJgfAp3JZjR0M="></latexit>

(Needs ground truth to compute)

15

Ground truth The two possible permutations of estimates

0 0

0 01 1

11

1 0

1 10 1

00

0 1

0 01 0

11
or CPR = 0.75

2. MEC (Minimum Error Correction) 

How many values in each read fails to align with estimates

nX

u=1

min
l2{1,··· ,k}

mX

i=1

1Read u covers site i1ŝ(u)[i] 6=sl[i]

<latexit sha1_base64="oIM10z/gXKNi5u0epXzSdbbK4pU="></latexit><latexit sha1_base64="oIM10z/gXKNi5u0epXzSdbbK4pU="></latexit><latexit sha1_base64="oIM10z/gXKNi5u0epXzSdbbK4pU="></latexit><latexit sha1_base64="oIM10z/gXKNi5u0epXzSdbbK4pU="></latexit>

(No Ground truth knowledge)

Estimated String

Read 1 - Pos 1  Values:111
Read 2 - Pos 3  Values:00

MEC = 1



Experimental Evaluation
Problem Parameters


1. Coverage - Average number of reads covering any site


2. Error Probability - The error made by reads in reporting sites

16



Experimental Evaluation

Synthetic Diploid-Biallelic data. Haplotype length 1000 with paired end

Average read length 2

Problem Parameters


1. Coverage - Average number of reads covering any site


2. Error Probability - The error made by reads in reporting sites

Cov Err ComHapDet AltHap HPoP
CPR MEC t(sec) � (CPR) CPR MEC t(sec) � (CPR) CPR MEC t(sec) � (CPR)

7
0.05 99.24 662.7 18.34 0.28 99.99 960.7 13.46 0.01 99.8 961.5 3.1 0.12
0.1 98.18 1289.13 18.88 0.45 99.86 1871.25 13.84 0.14 99.4 1868.5 3.42 0.3
0.2 80.49 2640 18.2 1.6 85.9 4844.1 13.69 1.3 84.8 3862.7 3.53 8.64

10
0.05 99.86 923.4 29.23 0.11 99.99 1352.9 15.43 0.01 99.99 1354.92 1.75 0.03
0.1 99.47 1831.13 27.05 5.29 98.09 3132.3 15.5 0.8 99.84 2667.46 3.14 0.38
0.2 91.85 3575.86 27.88 1.35 92.82 5231.85 24.24 1.3 88.29 5488.2 3.33 11.52

15
0.05 99.98 1382.73 52.13 0.03 99.97 2034.5 29.98 0.05 100 2022.47 8.013 0
0.1 99.91 2772.93 56.37 0.13 99.9 3989.65 39.1 0.03 99.9 3986.5 7.3 0.04
0.2 97.91 5283.6 50.02 0.38 96.80 7646.25 39.2 0.56 96.72 7788.95 6.94 1.8

Table 1: Simulated diploid biallelic data.

1

Competing baselines - AltHap [Hashemi et.al’ 18] and HPoP [Xie.et.al.’16]
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Experimental Evaluation
Synthetic Triploid-Tetraallelic data

Coverage Err Rate ComHapDet AltHap
CPR MEC t(sec) � (CPR) M-

CPR
CPR MEC t(sec) � (CPR) M-

CPR

7
0.002 98.6 97 76.7 0.88 99.5 88.95 687 295.22 13.97 92.97
0.01 93.78 662.1 81.25 10.794 96.95 88.69 966.2 289.75 17.5 92.44
0.05 97.11 1504.7 75.52 1.571 98.9 80.13 2887.4 332.1 20.27 86.31

10
0.002 99.75 93.7 137.5 0.168 99.91 83.67 1215.4 593.19 20.65 88.42
0.01 99.67 413.1 135.9 0.21 99.89 92.72 1029.1 592.74 14.59 95.36
0.05 99.44 2021.9 139.78 0.27 99.77 92.73 3632.0 592.44 14.59 95.36

15
0.002 99.91 124.6 300.35 0.11 99.97 89.89 1725 708.5 16.07 94
0.01 99.88 611.1 307.88 0.07 99.95 95.96 1628.6 781 9.82 97.58
0.05 99.86 2981.5 297.19 0.15 99.95 87.43 6721.3 713.3 20.36 92.09

Table 1: Simulated Triploid Tetraallelic Data.

1

Haplotype length 1000 with paired end average read length 2
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Experimental Evaluation
Synthetic Tetraploid-Tetraallelic data

Coverage Err Rate ComHapDet AltHap
CPR MEC t(sec) � (CPR) M-

CPR
CPR MEC t(sec) � (CPR) M-

CPR

7
0.002 79.97 1316.25 143.48 20.27 91.8 76.08 1388.6 521.36 20.81 87.49
0.01 79.09 1640.0 118.52 17.84 91.8 79.86 1812.8 515.78 20.45 88.05
0.05 68.34 3722.8 129.66 13.98 87.29 83.59 3481.9 503.13 20.23 91.97

10
0.002 98.86 193.1 253.32 1.42 99.64 71.92 1979.7 594.3 15.5 85.58
0.01 99.17 585.9 261.81 0.41 99.76 85.44 1779.4 585 18.53 92.10
0.05 98.2 2727.7 238.56 0.64 99.51 78.55 5331.4 667.49 15.55 89.65

15
0.002 99.75 182.7 487.02 0.22 99.93 85.21 2614.6 684.45 18.39 92.01
0.01 99.75 806.5 482.74 0.18 99.94 83.53 3973.7 684.13 17.41 92.61
0.05 99.0 4101.4 523.78 298.88 99.65 95.13 6397.6 682.51 14.47 97.38

Table 1: Simulated Tetraploid Tetraallelic Data.

1

Haplotype length 1000 with paired end average read length 2
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Experimental Evaluation
Synthetic Hexaploid-Tetraallelic data

Coverage Err Rate ComHapDet AltHap
CPR MEC t(sec) � (CPR) M-

CPR
CPR MEC t(sec) � (CPR) M-

CPR

10
0.002 78.89 2256.6 551.11 15.62 94.05 75.97 2022.9 977.93 20.01 90.59
0.01 84.09 2250.4 563.20 13.96 95.83 70.39 3533.7 919.85 19.88 86.82
0.05 48.77 9578.4 526.31 25.55 81.86 75.76 7440.7 1222.07 17.85 90

15
0.002 99.3 308.2 1295.63 0.3 99.87 70.36 4960.6 1780.37 25.19 87.32
0.01 97.44 1528.5 1359.14 5.42 99.37 77.68 5493.4 1624.56 23.17 89.94
0.05 94.74 6554.2 1207.46 11.654 98.65 65.89 13751.6 2406.31 19.04 87.205

20
0.002 99.52 382.8 2097.09 0.23 99.91 77.13 7095.1 7561.21 19.35 91.85
0.01 99.51 1654.3 2116.48 0.22 99.9 87.32 5905.4 6862.06 17.98 96.05
0.05 99.58 7912.8 2298.87 0.17 99.92 65.06 23381.8 8563.43 24.5 86.85

Table 1: Simulated Hexaploid Tetraallelic Data.

1

Haplotype length 1000 with paired end average read length 2
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Experimental Evaluation

Real Tetraploid-Biallelic data from Chromosome 5 of Potato
Method MEC Score t(secs)

ComHapDet 17738 207
AltHap 14580 105
HPoP 10596 102

HapCompass 12497 375
HapTree 46617 215

Table 1: The performance comparison of the various algorithms on the biallelic tetraploid Potato dataset

1

Our method has a poorer MEC compared to others

All reads are not exactly paired end

  - Single ended reads are placed on the diagonal

  - If a read has 3 or more strands, then they are split into multiple paired and/or single 
ended reads

20

- Low coverage (~4) in the dataset

- Tetraploid balletic is challenging for our model (because edge weights become biased)

MEC only a proxy of true performance absent ground truth.



Conclusions

\

A novel methodology to assemble both diploid and polyploid haplotypes

Key observation - spatial graph representation of paired end reads is useful

New clustering algorithm to cluster graphs with spatial labels
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Thank You


