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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 violate 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 [START_REF] Sentieys | A survey of techniques for approximate computing[END_REF], [START_REF] Chippa | Analysis and characterization of inherent application resilience for approximate computing[END_REF].

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 the main concept and techniques (e.g., functional approximation, voltage over-scaling). We then move to 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 try to derive some conclusions by comparing the different paradigms [START_REF] Barrois | The Hidden Cost of Functional Approximation Against Careful Data Sizing -A Case Study[END_REF]. The algorithmic-level approximation methods are then presented. Energy consumption can be reduced by approximating or skipping part of the computation. The concept of incremental refinement, early termination and fast decision will be detailed.

The last part of the tutorial focuses on existing methodology for applying AxC techniques at application-level. Finally, we present as a case study IIDEA [BAR], an automatic framework that compounds (i) a source-tosource manipulation tool and (ii) an evolutionary search engine, in order to find the best functional approximation version of the given C/C++ code.

Intended Audience

Approximate Computing (AxC) is a promising technique for reducing the cost (in terms of are and power consumption) of a computing system. However, AxC is still in its infancy since there is a lack of methodologies and automated tools for the entire design and manufacturing flow. We strongly believe that professionals already working on that will be very interested by the latest advances and experiences presented during the special session. Moreover, the tutorial could be attractive for all the people who want to extend their horizon and learn best practices across the levels and technologies in the areas of AxC.

Syllabus

Tutorial will cover:

1. Introduction 2. AxC techniques: functional approximation, over-scaling approximation 3. Data precision, number representation and approximate arithmetic 4. Algorithmic-level approximation 5. Application-level: Design Space Exploration

We would like to propose a half-day tutorial as lecture style for the first 4 points of the Syllabus. The last part (5) will consist of lab exercises. Attendees are supposed to have their own laptop and basic knowledge of UNIX like environment (bash). No particular SW requirements are demanded since a docker image will be provided.
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