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In this work, we study models of computation for the reals. Previous work
[Stoltenberg-Hansen and Tucker, 1999, Tucker and Zucker, 2005] focuses on
computational models for total functions. However, the class of total functions
is too restrictive: many standard functions in real analysis (such as the logarith-
mic, square root, and inverse trigonometric functions) are partial and cannot be
studied under such models. Thus, in this work, we focus on the computability
of partial functions.

Existing work [Fu and Zucker, 2014, Tucker and Zucker, 1999, 2004] studies
classes of computable partial functions on R, namely

GL-computability,

tracking computability,
multipolynomial approximability, and
While C C-approximability.

The first two classes correspond to concrete models of computation. In concrete
models, computability depends on the representation of data. For example, an
a-tracking computable function represents each real number as a natural num-
ber. In contrast, abstract models (such as WhileC C-programs) allow functions
to be defined independently of such implementation details. For a programmer,
this would be akin to writing programs against an abstract interface instead of
dealing with specific implementations. Abstract models are easier to program
in, but may not be as expressive as their concrete counterparts.

Fu and Zucker [2014] show that all these four models of computation are
equivalent when we restrict our attention to a specific class of functions we call
“acceptable” functions. This means, within the realm of acceptable functions,
we can work with WhileC C-approximability without giving up expressivity
and transfer results amongst the models.

However, it has been unknown whether the class of acceptable functions is
sufficiently large to include many common functions, such as the elementary



functions. In this work, we solve the conjecture posed by Fu and Zucker [2014]
and show that all elementary functions are acceptable. We also prove that the
elementary functions are WhileC C-approximable and therefore computable in
all the aforementioned models of computation.
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