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 Searching efficiency in this system is comparable with more

expensive CPU only solutions.

 Usage of low-clocked dedicated devices results in power

savings.

Benefits

Description of proposed solution
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Hardware
This part of the algorithm is

pipelined. Each letter of a received

prefix is processed on a single

hardware trie level.

Features

To enable an algorithm, a trie must be created, which is a sorted

set of sub-sequences extracted from a reference genome.

An  example of a trie based on a reference sequence: AGCATGCTGCAGTCATGCTTAGGCTA 

Software
Performs the final match of short reads with

sub-sequence-table entries pointed by

an FPGA output. A mismatch procedure uses

XOR bitwise operations.

Motivation

TAAATAGCGA
CCGATTCGATTAC

CCCAATATGGCATAC
CAATAGGTACCATG

GGTTTACGTACG
TTTAAC

CCGATAGCTTA
TACCGATCCAATGCAG

ACCGATTAACGAATGCCTGTC
GGGGTAAACATGCGTTAATCCATT

TTATT   ATCGGCATGGCCATC   AATAA
CGGC      GTTACCCATTGGGGG     TAGG

TGGC        ATGCCGACTTAGCCT    TAGCT
GAAC          AAAATAGCTATCCGA          GGCC
TTAG            TTAAGGGCATGCAGT           ATGC
AAT              GGCGTAGGCTAGCTT             TCG

ATGGGCTTATGCCAA
GCTGTA       TTGAGG
TAAGTC       GTACGG
GTACTG       GTCTGA
GGTAAT       TGATTAT
CCCGGT       GTCGGT
ATGGTA        CCCCGA
GGTAGT       ATGTATT
GATCGA       GACTGC
ATGCT         TGACA
AGT              CTG

 CPU&FPGA platforms are more and more

common which enables, due to parallel

processing of information, more efficient

solutions for pattern searching in human

nucleic acid sequencies.

Minimalizing CPU load
For a single short-read processed

by a single device with 21

hardware levels, in a sub-

sequence-table based on a 4K

reference sequence there are only

1-2 candidate entries (out of ~4K

entries) for a match after
the hardware part of the algorithm.

Fig.3. A maximum value

of hardware levels on a single

device, a reference genome length,

for Zedboard, Kintex-7, Virtex-7

with 490KB, 4860KB, 11700KB

of BRAM respectively.

 Hardware acceleration of short read's letter insertions, deletions.

 Preliminary analysis of short reads which enables sending

a particular short read to a particular group of hosts instead of sending

it to all of them.

Future work

 Most of current CPU only solutions for

aligning short sequencing reads to

reference genome is inefficient for very long

reads.

We use an FPGA logic to implement the trie to drastically reduce

a number of sub-sequence-table entries which a CPU must

compare with a particular short-read.
In order to achieve that, prefixes of

the consecutive short-reads are

sent to the FPGA logic which

evaluates them based on

the programmed internal structure

programmed.

Results

 Linear growth of the efficiency, in

a function of a total number of working

hosts for a huge reference genome.

 No exchange of data between hosts

while processing.

Fig.2. An execution time

of an alignment of 100K short

reads, in a function of a ref.

genome length, for Zedboard ARM

Cortex-A9 with and without

the FPGA logic support

(an extrapolation of ≤ 16K results).

Fig.1. A maximum length

of a single piece of a ref. genome

processed on multiple devices

with 21 hardware levels and 490KB

memory size, in a function

of a total number of hosts working
simultaneous.
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