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Energy consumption is one of the major issues in computing today shared by all domains in 
computer science, from high-performance computing to embedded systems. The two main 
factors that influence energy consumption are the execution time and data volume. 
Execution time directly impacts energy, as energy is the product of time and (average) 
power. Another large source of energy consumption is data transfer and storage - the 
amount of energy consumed is directly proportional to the volume of data. 
 
In the recent years, approximate computing has become a major field of research to 
improve both speed and energy consumption in embedded systems [1-2]. Many applications 
in embedded systems do not require high accuracy, and hardware designers often seek for a 
good balance between accuracy, speed, energy, and area cost. In addition to well-
established applications (e.g. signal, image, vision, wireless communications), recent 
emerging applications (e.g. machine learning, data mining, web search) also exhibit the 
property to be inherently resilient to errors. Approximate or inexact calculation provides 
energy gains by exploiting the trade-off between energy efficiency and application 
quality. As an example, the gain in energy between a low-precision 8-bit operation suitable 
for vision and a 64-bit double-precision floating-point operation necessary for high-precision 
scientific computations, can reach up to 50x by considering storage, transport and computing 
of the data. The gain in energy efficiency (the amount of computations per Joule) is even 
larger. By relaxing the need for fully precise operations, it is therefore possible to improve 
energy efficiency substantially. Various techniques for approximate computing augment the 
design space by providing another set of design knobs for performance-accuracy trade-off. 
Controlling approximations requires methods not only at compile time but also at runtime. 
There is strong research activity on these topics in the Cairn team. 
 
At compile-time, the aim is to minimize a cost function constrained by a given computation 
accuracy constraint. This requires methods (1) to evaluate the accuracy and (2) to estimate 
the cost, as a function of number representations (floating-point, fixed-point) and word-length 
(i.e. bit-width) of operations and data. Cost function can include energy consumption and 
execution time, as well as resources used for hardware implementation or code size for 
software implementation. In this work, we will mainly consider hardware implementation 
(FPGA, ASIC) with C++-based design using high-level synthesis (HLS).  
 
Choosing the right computation precision at runtime, while preserving the application 
functionality in reasonable bounds, is another promising approach to improve energy 



efficiency significantly. Nevertheless, analysing and managing the quantity errors during 
execution is a complex problem. 
 
The objective of this Master Thesis is to define a method to explore, for a given application, 
specified using C code, different number representations in order to find near-optimal 
solutions minimizing cost while preserving the application functionality in reasonable bounds.  
 
The challenge is hence to find the good trade-off between the numerical accuracy, dynamic 
range and the implementation cost. We will consider fixed-point and floating-point arithmetic 
[8]. Floating-point data types can be customized by adjusting the word-length of the exponent 
and the mantissa part. Another objective is to study systems mixing fixed-point and floating-
point in the same application.  

• A library of operators with different word-lengths is already available for both representations 
[6] [8]. This library provides area, energy and delay of arithmetic operators based on fixed-
point for various word-lengths, and on floating-point for various exponent and mantissa 
lengths. There are already commercial platforms (Nvidia, Google, Intel) that mix 32-bit high 
precision floating-point computing with low precision 16-bit formats (or even recently 8-bit) for 
increased performance [11-13]. 

• We will rely on a set of signal and image processing benchmarks and machine learning 
applications, that will be used as vehicle to provide results on (1) quality degradations and (2) 
energy efficiency advantage, with reduced precision. Metrics like average error power, error 
bounds or distribution can be considered. As we already studied a lot signal and image [9], 
the main focus will be on machine learning applications such as deep neural networks. 

• Quality degradation could be obtained through simulations by automatically instrumenting the 
code to modify data types, verify correctness and launch simulations to explore solutions. 
However, exploration with simulations can quickly become time prohibitive. So, the first 
objective is to study a method to evaluate the accuracy of an application based on static 
analysis. Based on the distributions of values of the different data processed in an 
application, we believe that it is possible to define rules to (1) choose the best representation 
for operations and data (float, fix) and (2) determine the word-lengths of computation (integer 
and fractional parts for fixed-point, exponent and mantissa for floating-point). It is mainly an 
optimization problem. This Master thesis will therefore be dedicated to some preliminary 
work on this topic, towards word-length optimization [9] methods for interbred design mixing 
floating- and fixed-point arithmetic. 

• The second objective is to obtain cost (energy, delay, area) for application with and without 
word-length optimization. For this part, results will be achieved using high-level synthesis 
from C++ and synthesis scripts with different timing constraints, to provide us with a set of 
accuracy-cost, near-optimal solutions, for FPGA and ASIC targets.  
 
Some tools [6,10] previously developed in the Cairn team at Inria will also be used for 
automatic floating-point to fixed-point conversion, operator characterization, custom floating-
point, and HLS design. A follow-up of this work as a PhD thesis will be possible.  
 
 
Note on the bibliography: For the bibliography part of this Master thesis, first floating-point 
arithmetic number representation and operators will be studied from the literature as well as 
some research papers on customized floating-point arithmetic. The project will consist in the 
analysis of the accuracy on some customized floating-operators (e.g.  6-bit exponent and 4-
bit mantissa) when running an application (e.g. image denoising) as well their area, power, 
clock frequency when compared to IEEE 754 single-precision 32-bit floating-point. 
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