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INTRODUCTION

= Von Neumann Bottleneck => Memristor & In-Memory Computing [1]

= Power Wall Problem => Approximate Computing
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PROBLEM STATEMENT

Approximate + In-Memory Computing

Algorithm Design with {—, 1}
Efficient Topology Mapping

Application-Level Gains

Sum = f;(a, b, cin)
Cout = f.(a, b, cin)

Boolean to

IMPLY

—— OO R

Sumpypry = fsimpLy(a, b, cin)
Cout;ypry = feimprLy (@, b, cin)
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METHODOLOGY

= Disregard Carry Propagation [2] A"i-'""‘ B"I'""‘ ‘3:;:;; ‘3:;:;; Q:;;;j ég
* Functional Representation TN -
_ k-bit \_ ooo
* Evaluation Precise Adder | =
= Equivalent IMPLY Function Cin .
* To Logic
sn-1 n-k sn-k—1:0

Inputs Exact No Carry No Carry + Sumi =aqa; + bi Sumi =a; + bi
a | b | c | Sum [ Cout [ Sum | Cout | Sum | Cout Cout: = ab: Cout: = 0
0[]0]O0 0 0 0 0 0 0 Lo L
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Cout; = a; — b; Cout; =0
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METHODOLOGY — MAPPING
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METHODOLOGY - SIMULATION

= 8 Approximated Algorithms (4 Topologies)
= VTEAM Model [3] in SPICE

= Fitted to measurements

= ATOMIC Pipeline
=> Stateful Logic Validation
=> Automated SPICE Simulations
=> Energy Calculations
=> Deviation Experiments

= Correct Behavior with +30% Deviation

Get ATOMIC access here:
https://github.com/fabianseiler/ATOMIC
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RESULTS

= Comparison to Exact Adder

No. of Steps

=> 6-54% Faster
=> 7-54% less Energy
=> Up to 12% fewer Memristors

=> Up to 63% fewer Switches
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= Comparison to Approximated Adder (5/8)
=> 17-30% Faster
=> 17-33% less Energy
=> Improved Error Metrics
12-56% NMED & 27-64% MRED
04r 1r
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IMAGE PROCESSING - OVERVIEW

Error-resilient Application

Quality Metrics
=> PSNR
=> SSIM

21 Images
256x256 8-bit

Proposed Datasets

=> |mage Addition

=> Grayscale Filter
Highway Dataset [4] \

=> Background Subtraction

21 RGB-Images
8-bit/Channel
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IMAGE PROCESSING — RESULTS

* Image Addition & Grayscale Filter (5/8 Ax Adder)
= Image Subtraction (5/8 Ax Adder) & Gaussian Smoothing (86% AX)

MSSIM=0.9575 MSSIM=0.9578
g A g Exact MSSIM=0.8803 MSSIM=0.8953

34.84
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IMAGE PROCESSING — GAINS

= 684x912 RGB-Image
= 20-26 mJ Energy
= 31-119 million Steps

Gray-scale Steps (5/8 Ax. Adder)

I Exact
ENoCarry
[ INoCarry+
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Serial Parallel Semi-Serial  Semi-Parallel Serial Parallel =emi-Serial Semi-Parallel

26mJ 26mJ
21mJ 20mJ
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CONCLUSION

= 8 Approximated Implementations

= |n 4 Topologies => Design Space Exploration
= Saved 6-54% Energy & 7-54% Steps

= Proposed 2 Image Processing Datasets

= Improved Image Quality & More Efficient than SoA
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