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In the last ten years, interval techniques [1, 2] have allowed original solutions for many problems in
engineering to be proposed, see, e.g., [3]. One of the main features of interval techniques is their ability
to provide guaranteed results, i.e., with a verified accuracy or which are numerically proved. Consider for
example, a bounded-error parameter estimation problem: the value of some parameter vector has to be
estimated from measured data using a given model structure and bounded measurement errors. In such a
context, one may obtain a set which can be proved to contain all values of the parameter vector that are
consistent with the model structure, the measured data, and the hypotheses on the noise. Nevertheless,
the application of interval techniques in embedded real-time applications is far less developed. The lack
of efficient interval hardware support may be a reason for this slower development.
Hardware implementations of interval arithmetic have been mentioned twenty years ago in [4]. Extension
of existing hardware platforms have been proposed, e.g., in [5] and [6]. Nevertheless, chip builders were
not yet convinced of the usefulness of performing specific adaptation of chips to implement interval
analysis. This is why interval analysis is mainly performed by software implementations on general-
purpose processors. Interval computations are however quite inefficiently performed on such processors,
since the recurrent rounding mode switchings required by interval computations results in recurrent
flushes of the processor pipeline [7]. This specific problem led people to study and design dedicated
floating-point units (FPU) well suited to double rounding modes (towards −∞ and towards +∞) [6].
Moreover, in many applications, 32-bit FPU are oversized. Measurements, corrupted by errors, do not
require to be processed with such an accuracy and in many cases, smaller FPU with reduced precision
may fit the application constraints and provide a satisfying accuracy. Thus, for example, 16-bit floating-
point computations is an efficient way to tackle both accuracy and dynamic problems encountered in
signal and image processing [8], for filtering and convolution-based algorithms.
This paper introduces 16-bit floating-point arithmetic adapted to interval computations. The main idea
is inspired by [6], which proposed to implement two 32-bit FPU on the 64-bit FPU of a general-purpose
processor. Here, similarly, noticing that a 16-bit FPU is smaller than a 32-bit FPU, two 16-bit FPU
(managing the two rounding modes required for interval computations) are shown not being much bigger
than a single 32-bit FPU. The main advantage is that no rounding mode switching is required, preventing
them from flushing the processor pipeline. The implementation of such a 16-bit FPU is performed on
the FPGA based NIOS-II soft processor [9, 10], which allows instructions to be added to its instruction
set. Customizable processors represent an opportunity to propose efficient and low-cost on-chip interval
applications which may be used in embedded applications.
To compare the performance of 16 and 32-bit FPUs, an example of source localization using a network
of acoustic or electromagnetic sensors is considered. In such network of sensors, power consumption and
computational complexity are strong constraints when one is concerned with the increase of operability
and autonomy [11]. Distributed interval constraint propagation [12] has been proposed as an efficient
and low-complexity solution for source localization using a network of wireless sensors.
This talk first presents centralized and distributed source localisation problems and describes solutions
based on interval analysis. The architecture of the 16-bit FPU is then presented. Attention is paid to
accuracy and dynamic range. Results provided by a 32-bit FPU are compared to those obtained with
two 16-bit FPU on realistic simulated data. Then, the hardware implementation on the three targeted
architectures (Pentium4, Pentium 4-M, and NIOS-II) is presented and benchmarks for execution time
and energy consumption are provided.
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