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ABSTRACT
TAFFO (Tuning Assistant for Floating point to Fixed point Optimization) is an open source
project that addresses the problem of precision tuning. This is a trending approximate computing
technique that allows to trade off precision for performance. We present some new applications
and approaches where we successfully applied the optimizations performed by TAFFO. We detail
its effectiveness in improving the quality of service of such applications, and we introduce the
main research and engineering challenges related to its development.
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Introduction
Error-tolerating applications are increasingly common. Proposals have been made at the
hardware level to take advantage of inherent perceptual limitations, redundant data, or
reduced precision input [C+ 13], and to reduce system costs or improve power efficiency
[TMR+ 18, VCRR15]. At the same time, works on floating-point to fixed-point conversion
tools [L+ 10, CAL+ 17] allow to trade-off the algorithm exactness for a more efficient implementation. Several tools and methods for approximate computing have been proposed,
ranging from the tuning of computation precision to more aggressive methods such as loop
perforation [CA20].
We aim at exploiting and extending the tools for precision tuning developed as part of
the H2020 FET-HPC ANTAREX project [S+ 18a, S+ 19, S+ 18b]. These tools, collected in the
TAFFO framework [CCC+ 19, CDBC+ 19] are implemented as a set of plugins for the widelyused LLVM compiler framework [LA04]. TAFFO collects programmer hints – expressed as
attributes – and it performs value range analysis [M+ 09], data type and code conversion,
and static estimation of the performance impact.
1

E-mail: {daniele.cattaneo, michele.chiari}@polimi.it – {nicola.fossati, grabriele.magnani}@mail.polimi.it –
agosta@acm.org
2
E-mail: stefano.cherubin@codeplay.com

Our efforts currently focus in two different directions. On one hand, we aim at porting
the benefits of precision tuning to new classes of applications. At the same time, we are
working on improving the impact of the TAFFO code transformations on the target metric
(energy and/or execution time).

AI in Embedded Systems: the Fall Detection use case
AI and the IoT are bridging the gap between the human and the digital worlds. Ad hoc
technologies are being developed to support the more fragile part of the population. The
main avenues to improve accessibility and durability of these solutions pass through lowering costs and power consumption. Precision tuning can help to achieve these goals, as it
reduces the development cost of using cheaper processing units.
We successfully applied TAFFO to an activity classification system used in wearable devices in fall detection of elder people [F+ 20]. 3 On the k-nearest neighbors classification use
case, our fixed point version obtained with TAFFO can achieve over 500% of speedup in
execution time and consume about 6 times less energy to carry out the classification.

A New Paradigm for the HPC: Dynamic Precision Tuning
Most efforts in precision tuning until now have been based on a static approach, which is
therefore part of the system design. In contrast, dynamic precision tuning is a recurring task
which is invoked multiple times while the application is running [CCCA20]. In other terms,
it is a form of Continuous Program Optimization [KF03], which is particularly useful where
runtime conditions are constantly varying and can be hardly predicted ahead of time.
We used TAFFO, in combination with the LIB VC Dynamic compilation library [CA18],
to introduce a new methodology for partially automated dynamic precision tuning. Such
methodology is based on the identification of input classes where the approximation behavior is the same, and for which the same set of data types can therefore be used. We demonstrate the effectiveness of our methodology on a set of benchmarks from the A X B ENCH suite,
achieving a speedup between 25% and 320% on Intel and AMD server processors, at a very
limited cost in terms of accuracy – less than 3% error for each benchmark, a significant improvement with respect to the traditional static precision tuning.

Open Challenges
Researchers have proposed several approaches to perform precision tuning [CA20]. The
strategies implemented in TAFFO allow it to be exploited in a wide range of application
domains, as well as to guarantee extensibility and maintainability of its codebase. TAFFO can
perform precision tuning at fine-grained level, while being source-language agnostic thanks
to the LLVM compiler framework. However, there are research and engineering challenges
that are still open in this field, preventing us from being short on work. We invite the reader
to reach us if they wish to discuss them further.
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Complexity of Data Type Selection
As the number of feasible assignments grows exponentially with the number of variables
to tune and polynomially with the number of available data types, the selection of the best
type for each variable is a complex problem. When dealing with fixed point data types, the
bit partitioning must also be kept into account. Whilst the traditional trial and error searchbased approach to test all possible available data types works well in the case of tuning
between single and double precision floating point, a different approach is required when
the search-space of candidate data types is larger.

Data Width and Memory Management
Precision tuning entails the replacement of some data types with different ones, which may
or may not fit in the same data width. It follows that this process requires to consequently
adjust all memory allocation operations. It also involves re-computing the data type sizes,
which is non-trivial in the presence of complex and nested data structures, or arrays whose
size is computed at run-time. Source-to-source compilers may work around this problem
by forwarding the data type replacement in memory-size computation. From the compiler
middle-end perspective, however, this fix becomes more complex, and not always feasible.

Limits of the Translation Unit
Real-world applications are modular and often rely on procedures and function calls. The
scope of several tools in the state-of-the-art is limited to a single kernel function. Compilers may also analyse and transform other functions in the same translation unit. However,
whichever function whose body is defined elsewhere is unknown and cannot be processed.
This problems applies also to external libraries, including the standard mathematical library.
In most cases, a short whitelist of special handling for the most common APIs may be sufficient to work around this problem. For example, in embedded systems, re-implementing
such libraries to exploit fixed point types can provide significant performance advantages.
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