
Timing Analysis Lab: Assignment 2
Due on 16.6.2017

v20170512

The goal of the second assignment is to investigate the design and implementation of algorithms and
libraries suitable for hard real-time systems.
Each group should pick one algorithmic problem or library function along with a given implementation
(taken from a textbook or open source library). It should seem reasonable that the code is used in real-
time systems, for example image/music encoding, compression, encryption, etc. (a Linear Programming
solver is not a good choice). Ideally, the control flow in the original implementation should not be
completely trivial to analyze.

In this exercise you will use a synthesized (single-core) version of Patmos. The accompanying archive
contains an example that shows how to compile and download a program to the processor, which is
running a bootloader. It also shows how to use the scratchpad memory of Patmos.

Problem 1: Introduction (8 points)

As a first step, implement a test driver, which calls the chosen benchmark with different input data
(≥ 10, the more the merrier). Measure the execution time for each run and depict their distribution.
Next, add loop bounds and other flow facts to the selected benchmark, and analyze the WCET using
platin and aiT.
Finally, compile the task with the single-path code generator:

patmos-clang -mpatmos-singlepath=<your_function> ...

Note that the generator does not work with indirect function calls (function pointers) and recursion. For
constant-trip loops you have to add pragmas containing numeric loop bounds to all loops in the source
code of your task:

#pragma loopbound min 0 max 32
while (cond) {

...
}

Measure and document the effect of the generated single-path code on the execution times.
Summarize all collected results in a table (and/or figures) in your report.
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Notes:

• To get well defined cache states for your measurements, call the function clear caches() defined
in machine/patmos.h before each run.

• Choose an appropriate optimization level (-On ), but take care to keep the results comparable.

Problem 2: WCET-oriented Programming (10 points)

Next, implement a WCET-oriented solution for the given problem, which is free of (or only has a minimal
number of) input-data dependent control flow and has a good worst-case performance. A condition is
input-data independent, if its value does not depend on the environment or on parameters outside of
the task’s control. To this end, it is acceptable to add additional parameters to functions, and to use
different algorithms. Limit input-data dependent statements to statements of the form

x = g ? a : b

where a and b are variables.
Again, perform measurements and a WCET analysis, and summarize all collected results in a table/fig-
ures in your report. Can you reduce both WCET and execution time variability?
Generate single-path code for the WCET-oriented solution. How does it affect the generated single-path
code?

Problem 3: Hardware Utilization (7 points)

As a last step, reduce the execution time variability of the task due to the data cache. Different data
paths may result in different cache states that in turn result in different memory access latencies.
Patmos provides a local data scratchpad memory (SPM) with single-cycle access. Modify your algorithm
and the driver in such a way that the data, which the algorithm is processing, is available locally when
the function is called. That is, copy the data from global memory to the SPM before the task’s execution
and copy it back to global memory after the task’s execution.
Perform the evaluation on the modified program and document the results. Report on the size of the
data in the SPM.
Notes:

• Beware that the capacity of the SPM is limited to 2 kB.

• You are not limited to input data; in fact you can also preload constants, lookup tables etc. to the
SPM.

Don’t forget to include the source code for your solutions with your submission!
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