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A Comprehensive Analysis of Approximate Computing Techniques: From Component-to Application-Level Organizer(s)

Today, the concept of approximation is becoming more and more a "hot topic". The relevance of this tutorial proposal is, therefore, very high, as it targets the design paradigm that has the potential to be the viable solution for dealing with the three main issues that are energy reduction, increase of performance and mitigating the intrinsic unreliability of the latest technology nodes.

In the last 5 years, numerous papers on approximate computing have been presented at DAC and DATE conferences. Several surveys on approximate computing have been published recently in different journals. This is the right moment to propose this tutorial which describes and classifies the different existing techniques and CAD frameworks.

Intended audience

This tutorial is primarily targeted at researchers and engineers working in the domain of Wireless Communications, Multimedia and in general, any Signal-Processing domain. System-level design engineers working on embedded software and hardware engineering aspects shall discover a new dimension, to improve performance and energy efficiency of their designs.

Objectives

The main objectives can be summarized as follows:

• Introduces the main concepts of Approximate Computing paradigm • Define the different Approximate Techniques accordingly to the target layer (i.e., HW, SW)

• Present existing automated tools for the design of Approximate Computing Systems

Abstract

A new design paradigm, Approximate Computing (AxC), has been established to investigate how computing systems can be more energy efficient, faster, and less complex. Intuitively, instead of performing exact computation and, consequently, requiring a high amount of resources, AxC aims to selectively relax the specifications, trading accuracy off for efficiency. It has been demonstrated in the literature the effectiveness of imprecise computation for both software and hardware components implementing inexact algorithms, showing an inherent resiliency to errors.

This tutorial introduces basic and advanced topics on AxC. We intend to follow a bottom-up approach: from component, up to application-level. More in detail, we will first present existing approximate computing techniques according to three levels: hardware, data and computation. At hardware level, functional approximation through inexact operators and voltage over-scaling will be detailed. At data level, approximation can be carried-out by using efficient arithmetic, precision scaling, less data or less-up-to-date data. We will present some compile-time results in terms of energy-efficiency, area, performance versus accuracy of computations when using customized arithmetic (fixed-point, floating-point) and also, we will try to derive some conclusions by comparing the different paradigms. At computation level, algorithmic transformations are used to reduce complexity by skipping or approximating parts of the processing. The concepts of loop perforation, early termination, memoïzation, and computation approximation will be detailed.

The last part of the tutorial is dedicated to methods and tools to exploit efficiently approximate computing. First of all, the different approaches to analyze approximation effects on application quality will be described. Then the complex problem of word-length optimization for fixed-point and floating-point is considered. Finally, the different frameworks for design space exploration will be detailed. He has more than 20 years of expertise in the fields of systemon-chip architectures, reconfigurable systems and their associated CAD tools, finite arithmetic effects, numerical accuracy analysis and low-power sensor networks. He authored or coauthored more than 150 journal publications or peer-reviewed conference papers and hold 6 patents. In particular, his research on methods for analytical analysis of errors in reduced-precision arithmetic and word-length optimization since 2000 with more than 50 publications, can be considered as a pioneering work in the field of approximate computing. Web: http://people.rennes.inria.fr/Olivier.Sentieys/
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