On Strong and Weak Sustainability,

with an Application to Self-Suspending Real-Time Tasks

Felipe Cerqueira, Geoffrey Nelissen, Bjorn Brandenburg

ECRTS’18, Barcelona
July 6, 2018

—
N MAX PLANCK INSTITUTE
- FOR SOFTWARE SYSTEMS

formally proven

CISTER schedulability analysis

| PROSA
Q Research Center in

Computing Systems MAX-PLANCK-GESELLSCHAFT http://prosa.mpi'SWS-Org

Partially funded by Deutsche Forschungsgemeinschaft (DFG) — 391919384



T

s B 4

This Paper in a Nutshe



o .
v .-. & N~ -
oy e 2
N e ¥ ' _

. u Y : :
WY o . )
r }r w J!i: ‘ ,/

YIRS " / - 7 y / y
N \) .;‘- 5 g:;{f e y
b 8 \‘ . i g7 i }
N 5y ’
S v !}\" . v ;
N\ N ) " 75

Identify an ambiguity in the definition of sustainability,
a central notion in real-time scheduling theory and practice




This Paper in a Nutshellly ~%

Identify an ambiguity in the definition of sustainability,
a central notion in real-time scheduling theory and practice

Precise, formal theory that covers all types of sustainability




This Paper in a Nutshelll7 ™%

Identify an ambiguity in the definition of sustainability,
a central notion in real-time scheduling theory and practice

Precise, formal theory that covers all types of sustainability

New notion of weak sustainability that enables more
efficient analysis for policies that are not sustainable




/.

This Paper in a Nutshelliy %

Identify an ambiguity in the definition of sustainability,
a central notion in real-time scheduling theory and practice

Precise, formal theory that covers all types of sustainability

New notion of weak sustainability that enables more
efficient analysis for policies that are not sustainable

Uniprocessor JLFP scheduling of self-suspending tasks is weakly
weakly sustainable w.r.t. execution times and variable suspension times
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Sustainable w.r.t. Execution Times
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Uniprocessor scheduling of sporadic tasks is
sustainable with respect to execution times.

Alan Burns and Sanjoy K. Baruah. Sustainability in real-time scheduling.
Journal of Computing Science and Engineering, 2(1):74-97, 2008.
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[Burns and Baruah, 2008]

Definition 1 A scheduling policy and/or a schedulability test for a scheduling
policy 1s sustainable if any system deemed schedulable by the schedulability test
remains schedulable when the parameters of one or more indwidual tasks/s| are
changed in any, some, or all of the following ways: (i) decreased execution require-
ments; (ii) larger periods; (iii) smaller jitter; and (iv) larger relative deadlines.
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Definition of Sustainable Policy

[Burns and Baruah, 2008]

Definition 1 A scheduling policy and/or a schedulability test for a scheduling
policy 1s sustainable if any system deemed schedulable by the schedulability test
remains schedulable when the parameters of one or more indwidual tasks/s| are
changed in any, some, or all of the following ways: (i) decreased execution require-
ments; (ii) larger periods; (iii) smaller jitter; and (iv) larger relative deadlines.

If a system is schedulable with original parameters, then it
remains schedulable when assigned better parameters.

Alan Burns and Sanjoy K. Baruah. Sustainability in real-time scheduling.
Journal of Computing Science and Engineering, 2(1):74-97, 2008.
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Why Does Sustainability Matter?

Minimize/maximize parameters

to reduce the search space.

= Liu and Layland in 1973 already
assumed maximum execution times

/

(A4) [Run-time for each task is constant|for that task and does not vary with
time. Run-time here refers to the time which is taken by a processor to execute the
task without interruption.

Chung Laung Liu and James W Layland. Scheduling algorithms for multiprogramming
in a hard-real-time environment. Journal of the ACM, 20(1):46-61, 1973.
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Why Does Sustainability Matter?

Analysis

Deployment

Minimize/maximize parameters
to reduce the search space.

Engineers can assume worst-case
parameters for design space exploration.

Ensure system safety at runtime
under non-worst-case conditions.
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Abdeddaim and Masson: EDF scheduling of self-suspending
tasks is not sustainable w.r.t. execution times.
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[Example by Abdeddaim and Masson, 2012]
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[Example by Abdeddaim and Masson, 2012]
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Abdeddaim and Masson: JLFP scheduling
of self-suspending tasks is not sustainable with

respect to both execution and suspension times.
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Two Possible Interpretations

If a system is schedulable with original parameters, then it
remains schedulable when assigned better parameters.

Sustainability w.r.t.

Baseline System Execution Times

Burns and
Baruah, "For any schedulable job set..." Not Sustainable
2008
Bngﬂaah"d "For any job set of a Example is not a
2009 schedulable task set...” counterexample
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Definitions Need Clarification

Definition 1 (Sustainable scheduling policy) Let A de-
note a scheduling policy. Let T denote any sporadic task
system that is A-schedulable. Let J denote a collection of
jobs generated by T. Scheduling policy A is said to be sus-
tainable if and only if A meets all deadlines when schedul-
ing any collection of jobs obtained from J by changing the
parameters of one or more individual jobs in any, some, or
all of the following ways: (i) decreased execution require-
ments, (ii) larger relative deadlines; and (iii) later arrival
times with the restriction that successive jobs of any task
T; € T arrive at least I; time units apart.

Theodore P. Baker and Sanjoy K. Baruah. Sustainable multiprocessor scheduling of sporadic task systems.
In Proceedings of the 21st Euromicro Conference on Real-Time Systems, ECRTS ’09, pages 141-150, 2009.
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Definitions Need Clarification

Definition 1 (Sustainable scheduling policy) Let A de-
note a scheduling policy. Let T denote any sporadic task
system that is A-schedulable. Let J denote a collection of
jobs generated by T. Scheduling policy A is said to be sus-
tainable if and only if A meets all deadlines when schedul-
ing any collection of jobs obtained from J by changing the
parameters of one or more individual jobs in any, some, or
all of the following ways: (i) decreased execution require-
ments, (ii) larger relative deadlines; and (iii) later arrival
times with the restriction that successive jobs of any task
T; € T arrive at least I; time units apart.

1) Assume arbitrary job sets or job sets from a schedulable task set?

2) Should other parameters remain fixed, or they are allowed to vary?

3) Why are we limited to a specific set of parameters?

Theodore P. Baker and Sanjoy K. Baruah. Sustainable multiprocessor scheduling of sporadic task systems.
In Proceedings of the 21st Euromicro Conference on Real-Time Systems, ECRTS ’09, pages 141-150, 2009.
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Strongly Sustainable w.r.t. Parameter P

If a job set is schedulable, then it remains
schedulable for better values of parameter P,
assuming all parameters other than P remain constant.

This matches the result by Abdeddaim and Masson.
The examples show that EDF scheduling of self-suspending tasks is

not strongly sustainable w.r.t. both execution and suspension times.




What we Know about Sustainability

Strongly Sustainable

w.r.t. Parameter P Unsustainable

Allows fixing worst-case All combinations of parameter values
values for parameter P must be checked by the analysis



Strong Sustainability: Ideal but Hard to Prove
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Worst Case

Execution Times (P)

Suspension Times (V)

If all parameters are strongly sustainable, the worst-case
scenario lies in a single point of the parameter space.



Strong Sustainability: Ideal but Hard to Prove

Interarrival Times

Worst Case

Simplifies analysis greatly, but
may be impossible to prove.

Execution Times (P)

Suspension Times (V)

If all parameters are strongly sustainable, the worst-case
scenario lies in a single point of the parameter space.
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All possible combinations of parameters must be
checked to determine the worst-case scenario.



Unsustainability: Difficult to Analyze

Interarrival Times

Hard to analyze efficiently
without introducing
pessimism!

Execution Times

Suspension Times

All possible combinations of parameters must be
checked to determine the worst-case scenario.
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How to Find a Middle Ground?

Core idea: make explicit which parameters are allowed to vary.

Sustainable Set of varying
parameter P parameters V

If we have fewer varying parameters,
the sustainability result is stronger.
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Weakly Sustainable w.r.t. Parameter P
and Variable Parameters V

If a job set is schedulable

then it remains schedulable for better values of parameter P,
assuming




Unsustainability: Difficult to Analyze

Interarrival Times

Execution Times

Suspension Times



Weak Sustainability: Search Space Reduction
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Suspension Times (V)

We can maximize/minimize the sustainable parameter P,
as long as the analysis covers all possible values in V.



Weak Sustainability: Search Space Reduction

Interarrival Times

Allows for more efficient
analysis for policies that are
not strongly sustainable.

Execution Times (P)

Suspension Times (V)

We can maximize/minimize the sustainable parameter P,
as long as the analysis covers all possible values in V.
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Recall Result by Abdeddaim and Masson

EDF scheduling of self-suspending tasks is not (strongly)

sustainable w.r.t. both execution and suspension times.




The Policy is Actually Sustainable

EDF scheduling of self-suspending tasks is not (strongly)

sustainable w.r.t. both execution and suspension times.

We proved that uniprocessor JLFP scheduling of
self-suspending tasks is weakly sustainable w.r.t.
execution times and variable suspension times.




The Policy is Actually Sustainable

EDF scheduling of self-suspending tasks is not (strongly)

sustainable w.r.t. both execution and suspension times.

We proved that uniprocessor JLFP scheduling of
self-suspending tasks is weakly sustainable w.r.t.
execution times and variable suspension times.

machine-checked with

PROSA

prosa.mpi-sws.org/releases/sustainability

formally proven
schedulability analysis
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What Else is in the Paper?

<

Formal theory
of sustainability

What really is a job parameter? How to define “better” or “worse”?

We formalize sustainable policy, sustainable
analysis and self-sustainable analysis.
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<

Formal theory
of sustainability

Composition rules
for weak and
strong sustainability

How to combine sustainability proofs with different values of P and V?

We need certain assumptions on the parameters!
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<

Formal theory
of sustainability

Composition rules
for weak and
strong sustainability

Proof strategy
for weak sustainability

Schedule construction with two proof obligations:
(a) service invariant + (b) validity of the new schedule
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Takeaways

With the rigor imposed by a proof assistant, we were able
to clarify an important concept in real-time scheduling.

We proposed weak sustainability, which enables more efficient
analysis for policies that are not strongly sustainable.

We proved that uniprocessor JLFP scheduling of
self-suspending tasks is weakly sustainable w.r.t.
execution times and

formally proven
schedulability analysis

PR O S A For more details, visit
prosa.mpi-sws.org/releases/sustainability
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