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ABSTRACT
The WCET (worst case execution time) of a program is difficult
to compute because of the lack of predictability of conventional
caches. In this work we propose a new WCET analysis module
which considers a program in its binary form executing in a realtime processor with locked down instruction caches. We assume
the instruction selection to be performed by the existing Lock-MS
method. Our module is able to give the set of ILP constraints needed
both for the WCET computation and the optimal selection of the
instruction cache lines to be locked into the cache. As a result we
can compute the WCET for a large number of system configurations,
including cache design parameters. Moreover, our module is able to
analyse realistic complex programs with a large number of paths.
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Hard real-time systems need to satisfy stringent timing constraints.
In general, upper bounds on the execution times are needed to satisfy these constraints. Real-Time systems are increasingly present
in the industry and the daily life. We can find examples in many
sectors such as avionics, robotics, automotive, manufacturing, or
air traffic control. A real-time system consists of a number of tasks
that can be organized by priorities and they have to be scheduled
in a way so that they satisfy their deadlines. In order to guarantee
their correctness, worst-case execution time (WCET) and schedulability have to be analysed. Given hardware components with a fixed
latency, the WCET of a single task could be calculated from the
partial WCET of each basic block of the task. However, in order to
improve performance, current processors perform many operations
with a variable duration. These operations come from components
such as caches, pipelines, branch prediction, and other speculative
components [4]. One of the main challenges in the WCET analysis
is the analysis of the memory hierarchy [2]. Cache behaviour depends on past references and, in general, it is necessary to know
the previous access sequence in order to predict the latency of a
given access.
To avoid the difficulty to predict the behaviour of conventional
caches in a precise way, locked down caches may be used. Locked
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down caches disable the replacement mechanism and contents are
stored previously to task execution. As the content is known and it
does not change, the misses and hits computation is trivial and it
does not depend on the access sequence.
The challenge of locking cache lines is to determine the best set
to lock, knowing that locality exploitation may be limited because
the selected cache lines will stay during the whole task execution.
In order to guarantee safe upper bounds for the WCET, static analysis methods have been used successfully (e.g. [3]). These methods
are based in the analysis of the program operations and the control
flow graph, either from the source code or the binary. However, one
of the main disadvantages of static analysis at present is the lack of
automatic tools. In this work we show how to implement a WCET
analysis module from a binary representation of a program. The
module has been implemented for Otawa, an open static analysis
tool which considers hardware models to provide a tight overestimation of the WCET [1]. WCET analysis is done by the Lock-MS
method [3]. Lock-MS is a WCET analysis method to locked down
caches that produces ILP (Integer Linear Programming) constraints
whose solution in an ILP system not only determines the WCET,
but also the right cache content that minimizes it. Our module is
able to generate the ILP constraints defined by the method and
this automation allows to analyse the WCET of a large number
of experiments (cache parameters, compiler optimizations, etc.)
in a simple and productive way. Moreover our module is able to
analyse complex programs. Key contributions of this work are the
following:
• Automatic WCET analysis and optimization with locked
instruction caches (previous work required manual tuning).
• Automatic generation of a compact Lock-MS model [3],
whose solving time is linear with respect to the number of
conditionals in the task (previous Lock-MS models had an
exponential solving time).
• WCET analysis of large benchmarks.
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