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1. Introduction  

In the realm of real-time systems, hardware is quickly evolving into multicore machines along with 

complex pipelining, bigger caches, and more elaborate predictors. As a result, the software is bound to 

evolve along. The classical approach to WCET, or deterministic Worst-Case Execution Times, sits too far 

in the pessimistic end of the spectrum and developments in probabilistic WCET accomplish the 

preordained software upgrade.  

For deterministic Worst-Case Execution Times to be deemed safe, the task execution times must be 

accounted for in every possible system state. As a result, the WCET may be overly pessimistic since the 

maximum execution times are considered under worst-case system state which includes error states. For 

example, if a task is sensitive to a certain system condition or fault, the WCET might be recorded with a 

system reboot accounted for in the WCET. Correspondingly, this WCET might lead to system under-

utilization if the task set is highly unlikely to encounter said system condition and require a reboot.  

Probabilistic Worst-Case Execution Times, or pWCET, take in account the possibility of the task set 

encountering said system state or fault, and allows for lower WCETs if the probability of encountering 

error is low enough for its respective criticality. In short, pWCET are lower Worst-Case Executions 

Times which have a determined probability of encountering fault. The higher the probability of 

encountering error, the shorter the WCET.  

What is considered a safe probability for a given pWCET to be employed is ultimately arbitrary to the 

designer, however, a probability of 10-9 faults per hour is generally accepted as safe for high criticality 

task sets. The science behind pWCET is knowing what probability threshold is safe to use in the real-time 

system.  

In this paper, we will describe the methods by which said probabilities are calculated. Additionally, we 

will see how different probabilities, or confidence levels, allow for the reduction of WCET in different 

criticality levels.   

2. Probability Threshold 

It is imperative to accurately calculate the probability for each pWCET, and in order to do so it is 

necessary to have complete knowledge of the system. Before probabilities are computed, first the task 

execution times are computed by simulating the system under every execution scenario. A function can be 

created where the tasks are an input to the function, along with other inputs such as system status or 

environment, scheduling and restrictions among others. Once all combinations of the function are 

computed, the results are used to create a probability density function.  

All the different inputs of the function will lead to similar execution times along with outliers. These 

outliers are correlated to the unlikely system faults and deterministic WCET. Using the execution time 

output of the function, methods such as the Extreme Value Theory and Static Probabilistic Timing 

Analysis will yield the probability of the absolute Worst-Case Execution Time occurring based on the 

function input. We recall the function input are the task sets along with other the system conditions and 

scheduling parameters.  

As a result, it is possible to correlate the probability of encountering an error to a particular execution 

time.  

 

 


