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1. INTRODUCTION
• Charged single a-helix (CSAH) is a unique structural motif in proteins.
• It has been experimentally characterized only in a small number of proteins, therefore,
its recognition by prediction methods is of high importance.
• Here we present the speedup of FT_CHARGE, one of the earliest methods based on
Fourier transformation.
• Our novel implementation offers higher computational speed to allow processing of very
large protein sequence sets like full genomes or even metagenomic samples within
hours.
• Both of FPGA and bioinformatics algorithms have parallelism at a fundamental level.
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2. FT_CHARGE ALGORITHM
• FT_CHARGE algorithm is a very computationally intensive
algorithm, so, it is suitable for accelerating on FPGA.
• Standard FASTA format is the input format.
• The host computer sent the encoded data to the FPGA,
where it is processed, and we got back only the filtered
results(candidate sequences, which we expect to have
a-helix).
• The execution is working block by block.

The block diagram of the system
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3. FPGA IMPLEMENTATION
• We have a previous implementation of FT_CHARGE algorithm on a small FPGA. The main goal is
optimizing the computation of the charge correlation function to feed the FFT core efficiently.
• The first way to improve that implementation is simply to replicate the system-blocks as much as
we can, to fit into a larger ZYNQ device
• We have the possibility to increase the performance nearly 6 times more on a larger FPGA.

• Hence, we should take into consideration, having such a huge number of hardware blocks on FPGA.
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3. FPGA IMPLEMENTATION
• A more efficient way to extend this solution is to implement several units in parallel, using a larger Xilinx
ZYNQ board.
• Our suggested solution is to change the output of the Charge Correlation block in order to compute and
send all 32 or 64 elements to FFT in each clock-cycle, and to replace the previous FFT module with more
parallel processing units.
• We proposed a new FFT implementation based on the Cooley-Tukey algorithm to accept 32 or 64
elements in each clock-cycle.
• This is the motivation behind trying to improve the speed of computation by parallelizing the algorithm.
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3. FPGA IMPLEMENTATION
• We decreased the number of bits and saved lots of space because of using fixed-point numbers instead
of floating-point, in the multiplication processes inside the FFT. The accuracy of the solution is almost
the same.
• We had two possibilities to prepare the input-output interfaces:
i. either loading the input sequence by sequence or
ii.loading many sequences to a large buffer.
• Our improvement here was, to work on larger buffers where one buffer contains several sequences
concatenated one after each other and instead of giving the length of one sequence, we will give an
array of lengths to the FT_CHARGE algorithm.
• By this step, the utilization of the hardware will be greatly increased.
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4. FAST FOURIER TRANSFORMATION
• Cooley-Tukey algorithm

• In our case, we changed Charge Correlation part to have parallel
output.

• The computation could be increased by 32 times.
• The most important improvement here is to change the
sequential processing to parallel.
• So, the new system accept new 32 or 64 element in each clockcycle. Charge correlation Calculation output changed to parallel
to feed these streams into FFT.
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4. FAST FOURIER TRANSFORMATION
• Table II, shows three different representations could be used in the current system.
• The original used 18-bit word length inside FFT. Second one used 23 and 24 bit in case of 32 and 64
element windows. These designs were running on 250MHz clock-frequency and processing one
window in each clock-cycle. The last one was a single-precision floating-point version.
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4. FAST FOURIER TRANSFORMATION
• Using single-precision floating-point numbers requires 6 times more DSP slices.
• To fit the floating-point version into the ZCU102 board, the Initiation Interval of the FFT block is
increased to two.
• In this case, the FFT is computed in two clock-cycles and the floating-point MACs are shared between
two operations, effectively halving the DSP slice requirement of the circuit.
• The clock-frequency of the design is reduced to 150MHz for stable operation to avoid timing issues
caused be FPGA resource utilization.
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5. System Testing
• We are using a Zedboard SoC, which uses a Zynq system.
• While the circuit is running, we experience a few cases where
the sequences are detected on the software side but not on the
hardware.
• We could examine two types of errors:
I. The amplitude was close to the amplitude threshold (7.0).
II. We have a difference in the third or fourth decimal value,
which could not recognize by the human-eye. It would be
clear after diving with the numbers.
• We can easily overcome this, by increasing the accuracy and
adding additional dedicated bits in ap_fixed type but it requires
more resources

Amplitude of FFT, 32 elements window computation
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6. Conclusion
• We improved, in this paper, the proposed FPGA based system for speeding up a-helix detection
algorithm by replicating the main three blocks as much as they fit a larger FPGA board.

• Implementing these processing units in parallel enables fast search on larger protein databases
and runs the whole system at a speed of 30 times higher.
• Using the butterfly diagram and fixed-point representation inside FFT, save more area and time
with almost the same accuracy.
• We have also tested this code, which could be implemented on FPGA with real sequence data
and we got the same results with the previous version on Matlab.
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