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Major Goals: Most safety-critical DoD applications have significant soft real-time (SRT) components, i.e.,
components for which deadline misses are sometimes acceptable. Furthermore, the development of methods for
supporting SRT workloads has been identified as a pressing need for the safe use of multicore platforms in safety-
critical DoD application domains. This project is directed at addressing this need.

In work on real-time systems, "soft real-time" can be defined in various ways. Over the last 20 years, the Pl's
research group has been the driving force behind work on a notion of SRT correctness that focuses on the metric
of deadline tardiness. In particular, an SRT task system is deemed to be correct if every task in the system
provably has bounded tardiness, i.e., if any deadline is missed, then the extent of miss is bounded. The Pl's
research on this notion of SRT correctness has been very impactful. For example, as discussed in depth below,
this research led to an SRT scheduler called SCHED_DEADLINE being accepted into the Linux kernel.

The overarching objective of this project is to extend prior tardiness-centric work on SRT multiprocessor systems to
enable the use of additional SRT metrics and to broaden the implementation contexts where all of these metrics
can be applied. The work towards this objective has focused on four goals.

Goal 1: Devise tardiness analysis for multiprocessor systems with asymmetries. Such asymmetries are becoming
increasingly common in safety-critical application domains, due to both hardware heterogeneity and the manner in
which hardware (heterogeneous or not) is shared by disparate applications. Regardless of the source, asymmetries
can cause real-time multicore resource-allocation problems to be significantly harder to solve.

Goal 2: Devise techniques for supporting weakly hard constraints. Such constraints require a given task to meet a
specified fraction of its deadlines. We are especially interested in enabling such constraints in contexts where task
execution times are determined on a non-worst-case basis, in which case probabilistic guarantees may arise.
Worst-case task provisionings can cause an unacceptable amount of processing capacity to be wasted, especially
for workloads that are SRT.

Goal 3: Enable tardiness reductions through intra-task parallelism. In many uses cases, it is permissible for
successive invocations of the same task to execute in parallel. For example, in many computer-vision applications
(as used in autonomous vehicles), successive frames of video can be processed in parallel, with any out-of-order
processing corrected via buffering. Allowing greater parallelism in this manner can greatly reduce tardiness bounds.
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Goal 4: Conduct experimental evaluations. We will integrate the research under the prior goals to obtain a
comprehensive SRT scheduling and analysis framework that allows different SRT metrics to be applied. This
framework will expose various tradeoffs among metrics that we will evaluate by conducting overhead-aware
schedulability studies and by experimenting with synthetic and case-study workloads. (In a schedulability study, the
timing constraints of many million randomly generated task systems is checked, with overheads that impact
scheduling considered. These studies can elucidate important resource-allocation tradeoffs.)

Accomplishments: With the dismantling of ARO's Computational Architectures and Visualization Program, our
funding we unexpectedly reduced by a significant amount. In fact, the funding on this project was exhausted as of
October 2021. As a result, this project effectively ceased at that time. Therefore, we have no new
accomplishments to report beyond our last report.

Training Opportunities: As noted above, this project effectively ceased a year and a half ago.

Results Dissemination: As noted above, this project effectively ceased a year and a half ago.

Honors and Awards: Pl Anderson was elected as a Fellow of the Asia-Pacific Artificial Intelligence Association
(AAIA).

Protocol Activity Status:

Technology Transfer: As noted above, this project effectively ceased a year and a half ago.
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shared AMD GPUs. Subsequently, we explain the internal scheduling rules for AMD GPUs, how they led to the
\worst practices," and how to correctly manage some of the most performance-critical factors in AMD GPU
sharing.
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Abstract: Real-time processing graphs can have cycles due to back edges that provide history information. If
immediate back history is required, then such a cycle must execute sequentially. Due to this requirement, any
graph that contains a cycle with utilization exceeding 1.0 is unschedulable, i.e., bounded graph response times
cannot be guaranteed. This dilemma can be obviated by allowing older back history, resulting in a history-vs.-
response-time-vs.-accuracy trade-off. This paper explores this trade-off.
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