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While the CPU caches are likely to decrease the average program execution
times,  the  worst-case  can remain  unaffected or  even increase.  Over  the
years, the caches in real-time systems have been disabled due to the lack
of  appropriate  cache-aware  worst-case  execution  time  analysis.  Such
analysis is needed to predict all potential cache misses that can take tens or
hundreds of cycles to be resolved and can considerably slow down program
execution.  

The cache replacement policy is a key design parameter that controls the
cache  runtime  behavior.  Caching  the  most  recently  accessed  memory
entries is the most common strategy (LRU replacement policy) implemented
in the modern general-purpose processors as the programs tend to reuse
the data from the same memory region (i.e., spatial locality) over a short
period of time (i.e., temporal locality). Such replacement policy, achieving a
good hit ratio for most workloads, is, however, susceptible to thrashing (i.e.,
the  useful  data  is  evicted by  the incoming data  that  is  not  going to  be
reused) for memory-intensive workloads that have a working set exceeding
the  cache  size.  Artificial  intelligence  and  modern  computer  vision  are
examples  of  today's  data-intensive  applications.  Fortunately,  many
alternative cache replacement policies (e.g.,  Last-position Insertion Policy
(LIP)  [1,3])  have been proposed to  prevent  the cache thrashing in  these
applications.  Whereas the simulation results for the selected applications
indicate improved performance, the hard real-time systems require strong
deterministic guarantees of timing correctness.
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Two different projects can be proposed:

1. The main objective of the first project is to derive the first static  timing
analysis for  deterministic  caches  under  one  of  the  alternative  cache
replacement policies (e.g., LIP). The new analysis can be built on a large
body of literature [2] and tools available in the context of the standard
replacement policies (e.g.,  LRU, FIFO, RANDOM). Its implementation can
take the form of an extension to the existing frameworks or a new stand-
alone tool.

2.  The  second  project  aims  at  testing  different  cache  replacement
policies on real-world embedded applications (modern computer vision
and machine learning). The replacement policies can be implemented in
Cachegrind  (https://valgrind.org/docs/manual/cg-manual.html),  which  is
an open-source cache profiler tool.  New cache replacement policies can
also be proposed. 
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