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1 INTRODUCTION
In numerical computations, the precision of floating-point compu-
tations is a key factor to determine the performance (speed and
energy-efficiency) as well as the reliability (accuracy and repro-
ducibility). However, the precision generally plays a contrary role
for both. Therefore, the ultimate concept for maximizing both at the
same time is the minimal-precision computing through precision-
tuning, which adjusts the optimal precision for each operation
and data. Several studies have been already conducted for it so
far (e.g., [12] [2]), but the scope of those studies is limited to the
precision-tuning alone.

Our project aims to propose a more broad concept of the minima-
precision computing system with precision-tuning, involving both
hardware and software stack. Specifically, our system combines
(1) a precision-tuning method based on Discrete Stochastic Arith-
metic (DSA) [14], (2) arbitrary-precision arithmetic libraries, (3)
fast and accurate numerical libraries, and (4) Field-Programmable
Gate Array (FPGA) with High-Level Synthesis (HLS). As a result,
our approach aims to achieve the following goals:
• High-performance: performance can be improved through the
minimal-precision as well as fast numerical libraries and acceler-
ators (FPGA and GPU)

• Energy-efficient: through the minimal-precision as well as en-
ergy efficient hardware acceleration with FPGA and GPU

• Reliable: to ensure the requested accuracy, the precision- tuning
is processed based on numerical validation, guaranteeing also
reproducibility

• General: our scheme is applicable for any floating-point compu-
tations. It contributes to low development cost and sustainability
(easy maintenance and system portability)

• Comprehensive: we propose a total system from the precision-
tuning to the execution of the tuned code, combining heteroge-
neous hardware and hierarchical software stack

• Realistic: our system can be realized by combining available
in-house technologies

2 PROPOSED APPROACH
Our approach targets a heterogeneous system equippedwith FPGAs
(and GPUs as an option). Figure 1 shows the system stack and
workflow. The below explains the total procedure and some key
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Figure 1: System overview

technologies in the system. The system is a general scheme for
any floating-point computations, but we currently target on linear
algebra computations as the first step.
(1) We target IEEE-754 2008 floating-point numbers. An input C code

and requested accuracy are given by the user. We assume that the
floating-point variables and operations in the code are defined
using the GNUMultiple Precision Floating-Point Reliable (MPFR)
[3] – a C library for multiple (arbitrary) precision floating-point
computations on CPUs. For codes using FP32/FP64, we can also
rely upon MPFR or MPFR-nize them. For linear algebra opera-
tions, we can utilize MPLAPACK [11] – a multi-precision Linear
Algebra PACKage (LAPACK) including Basic Linear Algebra
Subprograms (BLAS) based on some high-precision arithmetic
libraries including MPFR.

(2) The precision-tuner determines the optimal floating-point preci-
sions for all variables in the code, which are needed to achieve
the computation result with the requested accuracy. Tuning is
performed by comparing with a validated computation result by
DSA. Thus, the optimized code is reliable. Simply speaking, DSA
estimates the rounding errors of floating-point operations with
the guarantee of 95% by executing the same code three times
with random-rounding (randomly round-down or -up). Then, the
common digits in the three results are assumed to be a reliable
result. It is a general scheme applicable for any floating-point
operations: no special algorithms and no code modification are



needed. Besides, it can be performed at a reasonable cost in terms
of both performance and development compared to the other
numerical verification or validation methods.

(3) The tuned-code (with MPFR) proceeds to the performance op-
timization phase (and execution). At this stage, if possible to
speed up some portions of the code with some fast computation
methods (including GPU acceleration), those parts are replaced
with them. The method must be at least as accurate as that of
the required-precision. We may be able to use hardware-native
floating-point operations (e.g., FP16/FP32/FP64), some fast high-
precision arithmetic libraries, and some accurate numerical li-
braries. We assume that this step is processed by hand for now,
but we plan to develop some tool to automate or assist it.

(4) Another possibility for performance improvement is utilizing
FPGA. FPGA enables us to implement and perform arbitrary-
precision floating-point operations: it realizes the ultimateminimal-
precision computing and achieves better performance and energy-
efficiency than software implementations on general processors.
Owing to the HLS technology, we can use FPGA through exist-
ing programming languages such as C/C++ and OpenCL. In our
scheme, the portion of the code we want to execute on FPGA is
compiled with some HLS compiler and executed on FPGA. The
compiler can utilize some tools to generate arbitrary-precision
floating-point operators on FPGA such as FloPoCo [1].

3 OUR CONTRIBUTIONS
The proposed system can be constructed by combining available
technologies, and many of them are developed by us. Below, we
list some of our contributions: studies, projects, and tools.

• DSA libraries: CADNA (Control of Accuracy and Debugging
for Numerical Applications) [9] and SAM (Stochastic Arithmetic
in Multiprecision) [5] have been developed; both libraries are
developed at Sorbonne University (SU). CADNA is a DSA library
for FP16/FP32/FP64/FP128 (for the moment it supports FP16 on
GPU for CUDA codes and FP128 on CPU for C/C++ codes). It
supports Fortran and C/C++ codes with OpenMP and MPI. SAM
is a DSA library for arbitrary-precision with MPFR.

• Precision-tuner: PROMISE (PRecision OptiMISE) [4] is a preci-
sion-tuner for C/C++ codes developed at SU. It optimizes the
precision of variables in codes by referencing the validated com-
putation result with CADNA. We are currently going to extend
it for supporting arbitrary-precision with SAM.

• Fast and accurate numerical libraries: QPEigen [6] is a quad-
ruple-precision eigen solver based on double-double arithmetic
for CPUs developed at JAEA and RIKEN. It relies upon a quadruple-
precision BLAS (QPBLAS). ExBLAS [8] and OzBLAS [10] are
accurate and reproducible BLAS implementations for CPUs and
GPUs developed at SU and Tokyo Woman’s Christian University,
respectively. These libraries can be used to accelerate accurate
linear algebra computations.

• HLS compilers for FPGA: Nymble [7], developed at TU Darm-
stadt and RIKEN, is a compiler which accepts C codes and sup-
ports arbitrary-precision floating-point. SPGen (Stream Proces-
sor Generator) [13] is another compiler developed at RIKEN,
which uses a data-flow graph representation suitable for FPGA.

It currently supports FP32 only, but we will extend it to support
arbitrary-precision floating-point.

• CPU-GPU-FPGA system: Cygnus, installed in University of
Tsukuba, is the world first supercomputer system equipped with
both GPUs (4x Tesla V100) and FPGAs (2x Stratix 10). This project
utilizes the system as a target platform.

4 CONCLUSION
We proposed a new systematic approach for minimal-precision
computations. This approach is reliable, general, comprehensive,
high-performance, energy-efficient, and realistic. Although the pro-
posed system is still in development, this presentation showed that
the system could be constructed by combining already available
(developed) in-house technologies as well as extending them. Our
ongoing step is to demonstrate the system on a small application.
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