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Approximate Computing

Aims to exploit application resilience
to trade-off quality for efficiency
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Approximate Computing
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Approximate Computing

Accurate Approximate
X Expensive Cheap
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Neural Networks as
Approximate Accelerators

il

CPU

I

Esmaeilzadeh et al.
[IMICRO 2012]
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Neural Acceleration

float foo (float a, float b)
{
. > >
} return val; approximation acceleration
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Neural Acceleration

compiler-support

float foo (float a, float b)
{
. > >
} return val; approximation acceleration
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Neural Acceleration

compiler-support HW-support

float foo (float a, float b)
{
. > >
} return val; approximation acceleration

ACCEPT SNNAP*
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Neural Acceleration

compiler-support HW-support

float foo (float a, float b)
{

> >
} return val; approximation acceleration

ACCEPT SNNAP

3.8x speedup and 2.8x efficiency - 10% error
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Talk Outline

Compiler Support with ACCEPT
SNNAP Accelerator design

Evaluation & Comparison with HLS
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Compilation Overview

code
annotation

1. Region detection
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Compilation Overview

& oo

region detection
& program
Instrumentation

code
annotation

1. Region detection
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Compilation Overview
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region detection
& program

code

1. Region detection
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2. ANN Training [training.data] — & topology — @
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Compilation Overview
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P ACCEPT
region detection
1. Region detection code. & program
annotation
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Compilation Overview
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Programming Model

float sobel (float* p);

float** src;
float** dst;

while (true) {
src = read_from_camera();
for (y=0; y < h; ++y) {
for (x=0; x < w; ++x) {
dst[y][x] = sobel(& src[y][x]);
}

}
display(dst);
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Programming Model

APPROX float sobel (APPROX float* p);

APPROX float** src;
APPROX float** dst;

while (true) {
src = read_from_camera();
for (y=0; y < h; ++y) {
for (x=0; x < w; ++x) {
dst[y][x] = sobel(& src[y][x]);
}

}
display(ENDORSE(dst));
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Programming Model

APPROX float sobel (APPROX float* p);

APPROX float** src;
APPROX float** dst;

while (true) {
src = read_from_camera();
for (y=0; y < h; ++y) {
for (x=0; x <w; ++X) {
(dst[y][x] = sobel(& src[yl[x]);)
}

}
display(ENDORSE(dst));
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Checking for Quality

annotated
program

sobel.cC
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Checking for Quality

annotated quality
program metric
sobel.c d(y,y')
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Checking for Quality

annotated quality input data
program metric
[s obel. cj d(y,y')
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Checking for Quality

annotated quality input data T
program metric
fest
[s obel. cj d(y,y') ¢
I~
train;qg
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Checking for Quality

annotated quality input data T
program metric
fest
[s obel. cj d(y,y') &
I~
train;qg

Performance

Output Quality
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Talk Outline

SNNAP Accelerator design

Evaluation & Comparison with HLS
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Backgrounad:
Multi-Layer Perceptrons

neural network computing a single layer
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Background: Systolic Arrays

computing a single layer systolic array
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PU Micro-Architecture

systolic array  processing

X6 unit
X5
X4 7 py )
l control
Wiag W4 Wa7 —>
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PU Micro-Architecture

systolic array  processing 1
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PU Micro-Architecture
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PU Micro-Architecture

systolic arra rocessin
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PU Micro-Architecture

systolic array  processing 1
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Multi-Processing Units
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C bus )
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CPU-SNNAP Integration

low-latency
event
signaling,
sleep &
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Talk Outline

Evaluation & Comparison with HLS
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Evaluation

Neural acceleration on SNNAP (8x8 configuration,
clocked at 1/4 of fcpu) vs. precise CPU execution

application domain error metric
blackscholes  option pricing MSE
fft DSP MSE
inversek?] robotics MSE
jmeint 3D-modeling miss rate
jpeg compression image diff
Kmeans ML image diff
sobel vision image diff
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Whole-Application Speedup
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Energy Savings
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Conclusion

float foo (float a, float b)
{
e -_— >
} return val; approximation acceleration
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Conclusion

compiler-support HW-support

float foo (float a, float b)
{
} return val; approx:matlon acceleration

ACCEPT
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Conclusion

compiler-support HW-support

float foo (float a, float b)
{
} return val; approx:matlon acceleration

ACCEPT SNNAP

3.8X speedup & 2.8X energy savings
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