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I. INTRODUCTION

Static WCET analysis is a technique for deriving a safe
upper bound on the Worst-Case Execution Time (WCET)
of a program. Typically, such an analysis consists of three
independent steps. First, a flow-analysis is made which derives
constraints on the program flow, such as finding upper bounds
for loops, infeasible paths etc. Second, a low-level analysis is
made to derive upper bounds on the timing of individual basic
blocks in a program. This is made with a safe abstraction of
the processor model. Finally, a calculation phase is performed,
which uses the constraints on the program flow together with
the estimated timings of basic blocks from the low-level
analysis to derive a concrete upper bound on the WCET of
the program. Here, we will focus on the flow analysis.

II. FLOW ANALYSIS

While the timing on basic blocks is important to know, the
timing is mostly affected by the program flow. It is essential,
for instance, to have upper bounds on loops to be able to give
a concrete upper bound on the timing. Moreover, to make the
upper bound useful, it also has to be tight, meaning that the
bound is actually close to the practical number of iterations
the loop performed.

One inherent property of flow-analysis (and program analy-
sis in general) is that exact information about the program
flow can in general not be derived, as it is essentially an
uncomputable function. Therefore, an approximation has to
be made. How coarse this approximation is made is a trade-
off between precision and complexity. A good introduction to
the general subject of static analysis can be found in [21].
Below is a few applications of flow-analysis used in WCET
analysis.

III. VALUE ANALYSIS

One of the most important properties to derive from a
program is the set of values that a variable can assume in
a given program point. So, why is it important to know
about variables values when we are interested in timing? To
realise this, we observe that what affects a program’s flow
of execution is conditionals (guards) in the program. These
guards decide where to continue execution based on the values
currently hold by variables. It is therefore essential to have an
idea of what the possible values for a variable might be at a
given program point.

A. Abstract Interpretation

The most common way to derive values for variables is
to use abstract interpretation [3]. Abstract interpretation is a
theoretical framework for abstracting program semantics and
has commonly been used in WCET analysis [1], [13], [18],
[10], [16]. As mentioned, exact information about a program
can in general not be obtained, so abstract interpretation offers
a systematic way of soundly approximating the set of values
a variable can assume in a program point. By soundly, we
mean that the set of values for a variable derived by abstract
interpretation is guaranteed to include the set of values that
the variable may assume in any execution. However, due to
the approximation, the set of values might also include some
values which the variable never assume in any execution.

B. Abstract Domains

The characteristics of the approximations introduced by
abstract interpretation can be controlled via abstract domains.
An abstract domain can be seen as a compact representation
of a set of values. A very common abstract domain is the
interval domain [3], which is a domain that approximates a
set of integers V ⊆ Z as the smallest interval containing
all such values. As an example, the set {1, 4, 7} would be
approximated by the interval [1, 7] = {1, 2, 3, 4, 5, 6, 7}. An-
other example is the congruence domain [11], approximating
a set of integers to the smallest congruence class containing
it. The set {1, 4, 7} would with the congruence domain be
approximated to 1 + 3Z = {1 + 3n|n ∈ Z}. As can be seen,
these approximations capture very different properties of the
set of integers, and the choice of abstract domain is therefore
an important choice depending on the purpose of the analysis.

Many abstract domains have been suggested in literature.
The most basic and common ones are the interval analysis [3],
the congruence analysis [11]. More advanced domains which
also derives linear relationships between program variables are
the polyhedron domain [5], the affine congruences domain
[12]. These domains can detect linear relationships between
any number of program variables and may be costly to run
when the number of variables get large. Trade-offs are the so-
called weakly relational domains which can detect relations
between pairs of variables, such as the octagon domain [19]
and pentagon domain [17]. Some recent domains offer light-
weight (that is, less computationally heavy) versions of the
fully relational domains, such as [20] and [15].

A nice property of abstract domains is that they can be
arbitrarily combined to sharpen the analysis results by detect-



ing different properties extracted from different domains. A
combined abstract domain is known as the product domain
[4] of the involved domains.

IV. DERIVING LOOP BOUNDS

As mentioned, to be able to derive upper bounds on the
timing of a program, it is absolutely essential to know the
upper bounds of the number of times any loop can iterate.
If this was not known, the timing of the program would
effectively be unbounded. However, deriving loop bounds is
not an easy task, and again, it is not possible to compute
finite bounds for arbitrary loops. Therefore, static analysis
tools typically have to provide a way for the user to annotate
bounds on loops [7], [9], [14]. However, manual annotations
is laborious and error prone so it is desired to have as many
loops as possible automatically bound.

A few analyses are based on determining loop increments
[6], [14], others are based on abstract interpretation [8], [18].

V. FLOW ANALYSIS ON EXECUTABLES AND THE APARTS
PROJECT

The APARTS project (Advanced Program Analysis for
Real-Time Systems) is a EU-funded project based on mobility.
The idea with the project is to develop data-flow analyses for
low-level and executable code. Many challenges are associated
with such analyses, such as the lack of statically known
program flow, finite sized integer values and complex memory
models [2]. The current focus of APARTS is to develop
abstract domains which can handle finite-sized integers and
correctly model effects such as wrap-arounds.
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