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FFT Applications

Cryptography

PhysicsO &

Image Processing




Current FFT Implementations

Multicore Processors

GPU based acceleration

Digital Signal Processors

In-memory FFT Accelerators

= FFTW library compatible with C/C++



2D FFT Computational Complexity

Computational
complexity

N XN point FFT

Existing Approaches
O(N?logN)

Ultrasonic Wavefront Computing
O(N)

Number Ji pointls: N
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In-silica Ultrasonic FFT Computation

* Receiver Plane Intensity = F (EM wave distribution at input plane)
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In-silica Ultrasonic FFT Computation

« Ultrasonic wave propagation in silicon for FFT computation

» 2D FFT computational complexity of O(N) instead of O(N4logN)
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Compact Model of Wavefront

Computing (WFC) Accelerator ﬁ

- Data Buffers: SRAM based local accelerator memory

« DAC & ADC: No. of DACs & ADCs increase linearly
with array size

« Transducer Array: Array size (0 x d) determines
WFC accelerator computation capacity

 Transmission Medium: Fused silica transmission
medium

* Lens: Ideal / Multi-phase Fresnel Lens




WFC Accelerator Latency: Constituent
components

* Accelerator latency dominated by transmission medium for large

array sizes

B Transmission Medium
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WFC Accelerator Power: Constituent
components

» Accelerator power dominated by transducers for large array sizes

WFC Accelerator Power
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System Architecture

: b
SonicFFT
Input Da}a Stream [ WFC .  System

Accelerator

—

On-chip Interconnect
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SonickFFT: Data Mapping Methodology

tCS
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« Each stage of the CT Algorithm computes a different size DFT

* Preliminary stages mapped to WFC accelerator

 Final stage twiddle multiplications & additions mapped to host processor

Mapped to
WFC
Accelerator

Mapped to
Host
Processor

I
2-point DFT : 4-point DFT : 8-point DFT
: I
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Evaluation Framework
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System parameters for SonickFFT S
evaluation £CS

Baseline SonickFFET

 Hardware: WFC accelerator interfaced with
Octa-core Processor + 1GB main memory

« Hardware: Octa-core Processor + 1GB main
memory

» Software: FFTW Library « Software: Custom mapping software
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Results
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Results: Constituent Components

N xN
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Latency comparison with State of the Art EEJQ

WFC Latency Improvement (x)
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Energy comparison with State of the Art EEJQ

WFC Energy Improvement (x)
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EDP comparison with State of the Art =

WFC EDP Improvement (x)
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