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In this technical talk, I will present our results related to the
certification of floating-point error bounds in C implementations of
signal processing algorithms. In particular, this relates to the topic
of reasoning about the uncertainty caused by the noise arising
from floating-point rounding errors and approximate computations
in C programs.
Our work, funded by the DARPA Microsystems Technology
Office (MTO) in the Power Efficiency Revolution for Embedded
Computing Technologies (PERFECT) program, is directed at assuring the performance of signal processing when compromises are
done to reduce precision to save power. Our work allows one to
provably bound the uncertainty introduced by the additional noise
due to such compromises.
Technical approach We introduce VCFloat [9], a verification
framework for floating-point computations in C programs, based
on the Coq proof assistant [4], the Flocq [3] formal specification of
IEEE 754 floating-point arithmetic, and the CompCert Clight [1, 6]
formal semantics for a realistic subset of C.
Since Flocq and Clight are formal Coq specifications, our approach solely relies on Coq and their faithfulness, thus guaranteeing an unprecedented level of trust in the proofs of floating-point
computations in C programs, compared to previous work [2] based
on heterogeneous combinations of verification tools.
For a C program, we use CompCert to generate its Clight abstract syntax, then our VCFloat framework transforms C floatingpoint expressions into their real-number semantics with the appropriate rounding error terms, by automatically generating and
checking their validity conditions using the Coq-Interval [7] tactic
library for interval arithmetic. Thus, VCFloat solves all floatingpoint rounding issues, so that all remaining reasoning about error
bounds can be done at the level of real numbers, using Coq-Interval
to automatically compute error bounds and their proofs.
For instance, we can prove the correctness of a C implementation of approximate sine against the following Coq specification:
forall x,
(is_finite x = true /\ Rabs (B2R x) <= 2147483647)
-> exists y,
(eval_funcall FSIN (Vfloat x :: nil) (Vfloat y) /\
is_finite y = true /\ Rabs (B2R y - sin (B2R x)) <= BOUND).

This specification states that, if the argument x is a valid floatingpoint number no greater than 231 , then FSIN, the C implementation
of approximate sine studied, does not crash, and produces a result
within some absolute error bounded by BOUND of the ideal realnumber sine. We compute BOUND within Coq at the same time as
we build the correctness proof, using Coq-Interval and VCFloat.
Applications and Conclusion For concreteness, we demonstrate
how our approach can provide certifications of realistic C implementations of Synthetic Aperture Radar (SAR) backprojection [5],

particularly the safety of energy-efficient optimizations based on
approximate implementations inspired from [8]. But our work can
also apply to more general settings such as simulation and numerical algorithms in High-Performance Computing.
Interestingly, our work also pertains to the issue of proofs that
cross IP boundaries because VCFloat, and also our correctness
proof of SAR backprojection with patent-protected energy-efficient
optimizations, build on proof libraries from a variety of providers,
each with their own licensing policy, leading to a complex problem
in itself, to determine what can be shared, published, and how.
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