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a central notion in real-time scheduling theory and practice
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a central notion in real-time scheduling theory and practice

Precise, formal theory that covers all types of sustainability
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New notion of weak sustainability that enables more 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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. 



Definition of Sustainable Policy
[Burns and Baruah, 2008]

78 Alan Burns and Sanjoy Baruah

Journal of Computing Science and Engineering, Vol. 2, No. 1, March 2008

feasible if it is Π-schedulable for some dispatching policy Π.
For a system that must be guaranteed, a schedulability test is applied that is

appropriate for the dispatching policy of the execution platform. A schedulability
test is defined to be sufficient if a positive outcome guarantees that all deadlines are
always met. Clearly sufficiency is critically important for almost all real-time systems.
A test can also be labeled as necessary if failure of the test will indeed lead to a
deadline miss at some point during the execution of the system. A sufficient and necessary
test is exact and hence is in some sense optimal; a sufficient but not necessary test is
pessimistic, but for many situations an exact test is computationally intractable.
From an engineering point of view, a tractable test with low pessimism is ideal.

Above, we have characterized each recurring task by the four parameters (Ci, Di,
Ti, Ji). Sustainability for such periodic and sporadic task systems may be defined
with respect to any of the 24 = 16 subsets of this set of 4 parameters.  For example, a
scheduling policy that guarantees to retain schedulability if actual execution require-
ments during run-time are smaller than specified WCET’s, and if actual jitter is
smaller than the specified maximum jitters, would be said to be sustainable with
respect to WCET’s and jitter. A scheduling policy or a schedulability test for peri-
odic and sporadic task systems is said to be sustainable if it is sustainable with
respect to all four parameters:

Definition 1 A scheduling policy and/or a schedulability test for a scheduling
policy is sustainable if any system deemed schedulable by the schedulability test
remains schedulable when the parameters of one or more individual 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.

We would like to stress that declaring a scheduling policy or a schedulability test
for periodic/sporadic task systems to be sustainable represents a stronger claim than
simply that a task system deemed schedulable would remain schedulable with ‘‘better’’
parameters (e.g., with a larger period or relative deadline, or a smaller execution-
requirement or jitter). In addition, we require that such a system  continues to meet
all deadlines even if the parameter changes are occurring ‘‘on line’’ during run-time.
We also permit that the parameters change back and forth arbitrarily many times.
The only restriction we will place on such parameter-changing is that each generated
job have exactly one arrival time, ready-time, execution requirement, and deadline
during its lifetime.

A schedulability test for periodic/sporadic task systems may be sustainable with
respect to some, but not all, task parameters. For example, it is easy to show that all
sufficient schedulability tests for fixed-priority preemptive scheduling are sustainable
with respect to execution-requirement; however, Example 1 illustrates that no exact
schedulability test for the fixed-priority preemptive scheduling of periodic task systems
can be sustainable with respect to jitter. One of the objectives of our research is to
identify the parameters, with respect to which, some of the more commonly-used
schedulability tests are sustainable.

2.1 Other task parameters

Some additional parameters are sometimes used in representing periodic and sporadic
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feasible if it is Π-schedulable for some dispatching policy Π.
For a system that must be guaranteed, a schedulability test is applied that is

appropriate for the dispatching policy of the execution platform. A schedulability
test is defined to be sufficient if a positive outcome guarantees that all deadlines are
always met. Clearly sufficiency is critically important for almost all real-time systems.
A test can also be labeled as necessary if failure of the test will indeed lead to a
deadline miss at some point during the execution of the system. A sufficient and necessary
test is exact and hence is in some sense optimal; a sufficient but not necessary test is
pessimistic, but for many situations an exact test is computationally intractable.
From an engineering point of view, a tractable test with low pessimism is ideal.

Above, we have characterized each recurring task by the four parameters (Ci, Di,
Ti, Ji). Sustainability for such periodic and sporadic task systems may be defined
with respect to any of the 24 = 16 subsets of this set of 4 parameters.  For example, a
scheduling policy that guarantees to retain schedulability if actual execution require-
ments during run-time are smaller than specified WCET’s, and if actual jitter is
smaller than the specified maximum jitters, would be said to be sustainable with
respect to WCET’s and jitter. A scheduling policy or a schedulability test for peri-
odic and sporadic task systems is said to be sustainable if it is sustainable with
respect to all four parameters:

Definition 1 A scheduling policy and/or a schedulability test for a scheduling
policy is sustainable if any system deemed schedulable by the schedulability test
remains schedulable when the parameters of one or more individual 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.

We would like to stress that declaring a scheduling policy or a schedulability test
for periodic/sporadic task systems to be sustainable represents a stronger claim than
simply that a task system deemed schedulable would remain schedulable with ‘‘better’’
parameters (e.g., with a larger period or relative deadline, or a smaller execution-
requirement or jitter). In addition, we require that such a system  continues to meet
all deadlines even if the parameter changes are occurring ‘‘on line’’ during run-time.
We also permit that the parameters change back and forth arbitrarily many times.
The only restriction we will place on such parameter-changing is that each generated
job have exactly one arrival time, ready-time, execution requirement, and deadline
during its lifetime.

A schedulability test for periodic/sporadic task systems may be sustainable with
respect to some, but not all, task parameters. For example, it is easy to show that all
sufficient schedulability tests for fixed-priority preemptive scheduling are sustainable
with respect to execution-requirement; however, Example 1 illustrates that no exact
schedulability test for the fixed-priority preemptive scheduling of periodic task systems
can be sustainable with respect to jitter. One of the objectives of our research is to
identify the parameters, with respect to which, some of the more commonly-used
schedulability tests are sustainable.

2.1 Other task parameters

Some additional parameters are sometimes used in representing periodic and sporadic

e.g., at runtime
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I. Introduction 
T h e  use of compu te r s  for cont ro l  a n d  mon i to r ing  of indus t r i a l  processes  has  ex- 
p a n d e d  g rea t ly  in recen t  years ,  and  will p r o b a b l y  expand  even more  d r a m a t i c a l l y  
in  t he  near  future .  Often,  t he  c o m p u t e r  used  in such an  app l i ca t ion  is sha red  be-  
tween  a ce r ta in  n u m b e r  of t ime-c r i t i ca l  cont ro l  and  m o n i t o r  funct ions  and  a non- 
t ime-c r i t i ca l  b a t c h  process ing job  s t r eam.  I n  o the r  ins ta l l a t ions ,  however ,  no 
non- t ime-c r i t i ca l  jobs  exist ,  and  efficient use of the  c o m p u t e r  can  on ly  be ach ieved  
b y  a careful  schedul ing  of t he  t ime-c r i t i ca l  cont ro l  and  m o n i t o r  funct ions  themselves .  
This  l a t t e r  group migh t  be  t e r m e d  " p u r e  process  con t ro l "  a n d  p rov ides  the  back-  
g round  for t he  combina to r i c  schedul ing  ana lyses  p resen ted  in  th is  pape r .  Two  

Copyright © 1973, Association for Computing Machinery, Inc. General permission to re- 
publish, but not for profit, all or part of this material is granted, provided that  reference is 
made to this publication, to its date of issue, and to the fact that reprinting privileges were 
granted by permission of the Association for Computing Machinery. 
This paper presents the results of one phase of research carried out at the Jet Propulsion Lab- 
oratory, Califorma Insti tute of Technology, under Contract No. NAS-7-100, sponsored by the 
National Aeronautics and Space Administration. 
Authors' present addresses: C. L. Liu, Department of Computer Science, University of Illinois 
at Urbana-Champaign, Urbana, IL 61801; James W. Layland, Jet Propulsion Laboratory, 
California Inst i tute of Technology, 4800 Oak Grove Drive, Pasadena, CA 91103. 

Journal of the Association for Computing Machinery, Vo|, 20, No. 1, January 1973, pp. 46-61. 

48 O. L. L IU  AND J.  W. LAYLAND 

these assumptions are absolutely necessary, and the effects of relaxing them will be 
discussed in a later section. 

(A1) The requests for all tasks for which hard deadlines exist are periodic, with 
constant interval between requests. 

(A2) Deadlines consist of run-ability constraints only--i.e, each task must be 
completed before the next request for it occurs. 

(A3) The tasks are independent in that requests for a certain task do not depend 
on the initiation or the completion of requests for other tasks. 

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

(A5) Any nonperiodic tasks in the system are special; they are initialization or 
failure-recovery routines; they displace periodic tasks while they themselves are 
being run, and do not themselves have hard, critical deadlines. 

Assumption (A1) contrasts with the opinion of Martin [2], but appears to be valid 
for pure process control. Assumption (A2) eliminates queuing problems for the in- 
dividual tasks. For assumption (A2) to hold, a small but possibly significant amount 
of buffering hardware must exist for each peripheral function. Any control loops 
closed within the computer must be designed to allow at least an extra unit sample 
delay. Note that assumption (A3) does not exclude the situation in which the 
occurrence of a task re can only follow a certain (fixed) number, say h r, of occur- 
rences of a task r~. Such a situation can be modeled by choosing the periods of tasks 
r~ and re so that the period of re is N times the period of T, and the Nth request for 
r~ will coincide with the 1st request for re and so on. The run-time in assumption 
(A4) can be interpreted as the maximum processing time for a task. In this way the 
bookkeeping time necessary to request a successor and the costs of preemptions can 
be taken into account. Because of the existence of large main memories out of which 
programs are executed and the overlapping of transfers between main and auxiliary 
storage and program execution in modern computer systems, assumption (A4) 
should be a good approximation even if it is not exact. These assumptions allow the 
complete characterization of a task by two numbers: its request period and its 
run-time. Unless stated otherwise, throughout this paper we shall use r l ,  T2, • • • , r,~ 
to denote m periodic tasks, with their request periods being T1, T~, . . .  , T,~ and 
their run-times being C1, C2, . . .  , Cm, respectively. The request rate of a task is 
defined to be the reciprocal of its request period. 

A scheduling algorithm is a set of rules that determine the task to be executed at a 
particular moment. The scheduling algorithms to be studied in this paper are pre- 
emptive and priority driven ones. This means that whenever there is a request for a 
task that is of higher priority than the one currently being executed, the running 
task is immediately interrupted and the newly requested task is started. Thus the 
specification of such algorithms amounts to the specification of the method of 
assigning priorities to tasks. A scheduling algorithm is said to be static if priorities are 
assigned to tasks once and for all. A static scheduling algorithm is also called a fixed 
priority scheduling algorithm. A scheduling algorithm is said to be dynamic if priori- 
ties of tasks might change from request to request. A scheduling algorithm is said to 
be a mixed scheduling algorithm if the priorities of some of the tasks are fixed yet the 
priorities of the remaining tasks vary from request to request. 

Journal of the Association for Computing Machinery, Vol. 20, No. 1, January 1973 

Liu and Layland in 1973 already 
assumed maximum execution times
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Analysis Minimize/maximize parameters 
to reduce the search space.

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

Deployment Ensure system safety at runtime  
under non-worst-case conditions.
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Abdeddaïm and Masson: EDF scheduling of self-suspending 
tasks is not sustainable w.r.t. execution times.
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Two Possible Interpretations

Baseline System Sustainability w.r.t.  
Execution Times

Burns and 
Baruah, 

2008
"For any schedulable job set…" Not Sustainable

Baker and 
Baruah, 

2009
"For any job set of a  

schedulable task set…”
Example is not a 
counterexample

If a system is schedulable with original parameters, then it 
remains schedulable when assigned better parameters.
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Definitions Need Clarification
global EDF, except that at all times the set of jobs that is
executing is a set of jobs generated by tasks with the great-
est priorities. With respect to the sporadic sporadic work-
load model, a common FP scheduling policy is deadline-
monotonic (DM), in which priorities are assigned to tasks
depending on the value of their relative deadline parameters
(with smaller deadlines corresponding to greater priority).

Global EDZL scheduling. Earliest Deadline until Zero
Laxity (EDZL) is another widely-studied global scheduling
policy[9, 1, 8]. We discuss this policy further in Section 4.

2.3 Sustainability

It would be unsafe to rely upon any schedulability test for
practical purposes if a task system that is deemed schedu-
lable by the test may fail to meet all deadlines if the sys-
tem behaves better at run time than the specifications. The
notion of sustainability formalizes this expectation: intu-
itively, sustainability requires that schedulability be pre-
served in situations in which it should be “easier” to en-
sure schedulability. As explained in [4, 7], sustainability
of schedulability guarantees under relaxations of timing pa-
rameters is a very basic and fundamental requirement in the
engineering or hard-real-time systems, since it is only very
rarely that a system can be characterized exactly (rather than
by upper bounds) at system design time.

Sustainability is defined in [4, 7] as a property of a
scheduling policy (and its associated schedulability tests).
But what constitutes “better” than worst-case behavior of a
system is intimately linked to the manner in which the sys-
tem is specified. Consider, for instance, systems specified
according to the arbitrary job sets model. Such a system
can reasonably be said to behave better than its specifica-
tions if some jobs execute for less than their worst-case ex-
ecution time specifications, and/ or have actual deadlines
later than their specified deadlines. However, some (not all)
jobs arriving later than specified would not be considered
to constitute better behavior, since this would tend to cause
overload at a later point in time. For systems that are spec-
ified according to the sporadic tasks model, decreased exe-
cution times and larger relative deadlines continue to con-
stitute better behavior than specified; in addition, jobs of
a task arriving more than the minimum inter-arrival sepa-
ration apart could also reasonably be said to be behaving
better than specified.

Given this strong link between the notion of better be-
havior and the workload model, we believe that sustainabil-
ity is appropriately defined with respect to specific workload
models. In this paper, the workload model considered is the
sporadic task model. As we have seen, any given sporadic
task system may generate infinitely many different job sets,
and such a task system is said to be schedulable by a partic-
ular scheduling policy only if the scheduling policy is able

to successfully schedule all these job sets. Sustainability
of scheduling policies and schedulability tests for sporadic
task systems must hence also take into consideration all the
different job sets that may be generated by a given task sys-
tem. With respect to the sporadic workload model, the def-
inition of sustainability may be stated as follows:

Definition 1 (Sustainable scheduling policy) Let A de-
note a scheduling policy. Let τ denote any sporadic task
system that is A-schedulable. Let J denote a collection of
jobs generated by τ . 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
τi ∈ τ arrive at least Ti time units apart.

If A is a sustainable scheduling policy, then every suffi-
cient A-schedulability test possesses the desired property
that any sporadic task system deemed A-schedulable will
remain A-schedulable if it behaves better than specified.
For scheduling policies that are not sustainable, though, not
every schedulability test possesses this desirable property.
Those that do are called sustainable schedulability tests:

Definition 2 (Sustainable schedulability test) Let A de-
note a scheduling policy, and F an A-schedulability test
for sporadic task systems. Let τ denote any sporadic task
system deemed to be A-schedulable by F . Let J denote a
collection of jobs generated by τ . F is said to be a sustain-
able schedulability test if and only if scheduling policy A
meets all deadlines when scheduling 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 requirements; (ii) larger relative dead-
lines; and (iii) later arrival times with the restriction that
successive jobs of any task τi ∈ τ arrive at least Ti time
units apart.

We would like to stress that declaring a scheduling pol-
icy or a schedulability test for sporadic task systems to be
sustainable represents a stronger claim than simply that a
task system deemed schedulable would remain schedulable
with better parameters (e.g., with a larger period or relative
deadline, or a smaller execution requirement). In addition,
sustainability demands that a system deemed schedulable
continue to meet all deadlines even if the parameter changes
are occurring on line during run-time. We also permit that
the parameters change back and forth, on a job-to-job basis,
arbitrarily many times. The only restriction we will place
on such parameter-changing is that each generated job have
exactly one arrival time, execution requirement, and dead-
line during its lifetime.
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global EDF, except that at all times the set of jobs that is
executing is a set of jobs generated by tasks with the great-
est priorities. With respect to the sporadic sporadic work-
load model, a common FP scheduling policy is deadline-
monotonic (DM), in which priorities are assigned to tasks
depending on the value of their relative deadline parameters
(with smaller deadlines corresponding to greater priority).

Global EDZL scheduling. Earliest Deadline until Zero
Laxity (EDZL) is another widely-studied global scheduling
policy[9, 1, 8]. We discuss this policy further in Section 4.

2.3 Sustainability

It would be unsafe to rely upon any schedulability test for
practical purposes if a task system that is deemed schedu-
lable by the test may fail to meet all deadlines if the sys-
tem behaves better at run time than the specifications. The
notion of sustainability formalizes this expectation: intu-
itively, sustainability requires that schedulability be pre-
served in situations in which it should be “easier” to en-
sure schedulability. As explained in [4, 7], sustainability
of schedulability guarantees under relaxations of timing pa-
rameters is a very basic and fundamental requirement in the
engineering or hard-real-time systems, since it is only very
rarely that a system can be characterized exactly (rather than
by upper bounds) at system design time.

Sustainability is defined in [4, 7] as a property of a
scheduling policy (and its associated schedulability tests).
But what constitutes “better” than worst-case behavior of a
system is intimately linked to the manner in which the sys-
tem is specified. Consider, for instance, systems specified
according to the arbitrary job sets model. Such a system
can reasonably be said to behave better than its specifica-
tions if some jobs execute for less than their worst-case ex-
ecution time specifications, and/ or have actual deadlines
later than their specified deadlines. However, some (not all)
jobs arriving later than specified would not be considered
to constitute better behavior, since this would tend to cause
overload at a later point in time. For systems that are spec-
ified according to the sporadic tasks model, decreased exe-
cution times and larger relative deadlines continue to con-
stitute better behavior than specified; in addition, jobs of
a task arriving more than the minimum inter-arrival sepa-
ration apart could also reasonably be said to be behaving
better than specified.

Given this strong link between the notion of better be-
havior and the workload model, we believe that sustainabil-
ity is appropriately defined with respect to specific workload
models. In this paper, the workload model considered is the
sporadic task model. As we have seen, any given sporadic
task system may generate infinitely many different job sets,
and such a task system is said to be schedulable by a partic-
ular scheduling policy only if the scheduling policy is able

to successfully schedule all these job sets. Sustainability
of scheduling policies and schedulability tests for sporadic
task systems must hence also take into consideration all the
different job sets that may be generated by a given task sys-
tem. With respect to the sporadic workload model, the def-
inition of sustainability may be stated as follows:

Definition 1 (Sustainable scheduling policy) Let A de-
note a scheduling policy. Let τ denote any sporadic task
system that is A-schedulable. Let J denote a collection of
jobs generated by τ . 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
τi ∈ τ arrive at least Ti time units apart.

If A is a sustainable scheduling policy, then every suffi-
cient A-schedulability test possesses the desired property
that any sporadic task system deemed A-schedulable will
remain A-schedulable if it behaves better than specified.
For scheduling policies that are not sustainable, though, not
every schedulability test possesses this desirable property.
Those that do are called sustainable schedulability tests:

Definition 2 (Sustainable schedulability test) Let A de-
note a scheduling policy, and F an A-schedulability test
for sporadic task systems. Let τ denote any sporadic task
system deemed to be A-schedulable by F . Let J denote a
collection of jobs generated by τ . F is said to be a sustain-
able schedulability test if and only if scheduling policy A
meets all deadlines when scheduling 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 requirements; (ii) larger relative dead-
lines; and (iii) later arrival times with the restriction that
successive jobs of any task τi ∈ τ arrive at least Ti time
units apart.

We would like to stress that declaring a scheduling pol-
icy or a schedulability test for sporadic task systems to be
sustainable represents a stronger claim than simply that a
task system deemed schedulable would remain schedulable
with better parameters (e.g., with a larger period or relative
deadline, or a smaller execution requirement). In addition,
sustainability demands that a system deemed schedulable
continue to meet all deadlines even if the parameter changes
are occurring on line during run-time. We also permit that
the parameters change back and forth, on a job-to-job basis,
arbitrarily many times. The only restriction we will place
on such parameter-changing is that each generated job have
exactly one arrival time, execution requirement, and dead-
line during its lifetime.
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1) Assume arbitrary job sets or job sets from a schedulable task set?



Definitions Need Clarification
global EDF, except that at all times the set of jobs that is
executing is a set of jobs generated by tasks with the great-
est priorities. With respect to the sporadic sporadic work-
load model, a common FP scheduling policy is deadline-
monotonic (DM), in which priorities are assigned to tasks
depending on the value of their relative deadline parameters
(with smaller deadlines corresponding to greater priority).

Global EDZL scheduling. Earliest Deadline until Zero
Laxity (EDZL) is another widely-studied global scheduling
policy[9, 1, 8]. We discuss this policy further in Section 4.

2.3 Sustainability

It would be unsafe to rely upon any schedulability test for
practical purposes if a task system that is deemed schedu-
lable by the test may fail to meet all deadlines if the sys-
tem behaves better at run time than the specifications. The
notion of sustainability formalizes this expectation: intu-
itively, sustainability requires that schedulability be pre-
served in situations in which it should be “easier” to en-
sure schedulability. As explained in [4, 7], sustainability
of schedulability guarantees under relaxations of timing pa-
rameters is a very basic and fundamental requirement in the
engineering or hard-real-time systems, since it is only very
rarely that a system can be characterized exactly (rather than
by upper bounds) at system design time.

Sustainability is defined in [4, 7] as a property of a
scheduling policy (and its associated schedulability tests).
But what constitutes “better” than worst-case behavior of a
system is intimately linked to the manner in which the sys-
tem is specified. Consider, for instance, systems specified
according to the arbitrary job sets model. Such a system
can reasonably be said to behave better than its specifica-
tions if some jobs execute for less than their worst-case ex-
ecution time specifications, and/ or have actual deadlines
later than their specified deadlines. However, some (not all)
jobs arriving later than specified would not be considered
to constitute better behavior, since this would tend to cause
overload at a later point in time. For systems that are spec-
ified according to the sporadic tasks model, decreased exe-
cution times and larger relative deadlines continue to con-
stitute better behavior than specified; in addition, jobs of
a task arriving more than the minimum inter-arrival sepa-
ration apart could also reasonably be said to be behaving
better than specified.

Given this strong link between the notion of better be-
havior and the workload model, we believe that sustainabil-
ity is appropriately defined with respect to specific workload
models. In this paper, the workload model considered is the
sporadic task model. As we have seen, any given sporadic
task system may generate infinitely many different job sets,
and such a task system is said to be schedulable by a partic-
ular scheduling policy only if the scheduling policy is able

to successfully schedule all these job sets. Sustainability
of scheduling policies and schedulability tests for sporadic
task systems must hence also take into consideration all the
different job sets that may be generated by a given task sys-
tem. With respect to the sporadic workload model, the def-
inition of sustainability may be stated as follows:
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note a scheduling policy. Let τ denote any sporadic task
system that is A-schedulable. Let J denote a collection of
jobs generated by τ . Scheduling policy A is said to be sus-
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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
τi ∈ τ arrive at least Ti time units apart.

If A is a sustainable scheduling policy, then every suffi-
cient A-schedulability test possesses the desired property
that any sporadic task system deemed A-schedulable will
remain A-schedulable if it behaves better than specified.
For scheduling policies that are not sustainable, though, not
every schedulability test possesses this desirable property.
Those that do are called sustainable schedulability tests:

Definition 2 (Sustainable schedulability test) Let A de-
note a scheduling policy, and F an A-schedulability test
for sporadic task systems. Let τ denote any sporadic task
system deemed to be A-schedulable by F . Let J denote a
collection of jobs generated by τ . F is said to be a sustain-
able schedulability test if and only if scheduling policy A
meets all deadlines when scheduling 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 requirements; (ii) larger relative dead-
lines; and (iii) later arrival times with the restriction that
successive jobs of any task τi ∈ τ arrive at least Ti time
units apart.

We would like to stress that declaring a scheduling pol-
icy or a schedulability test for sporadic task systems to be
sustainable represents a stronger claim than simply that a
task system deemed schedulable would remain schedulable
with better parameters (e.g., with a larger period or relative
deadline, or a smaller execution requirement). In addition,
sustainability demands that a system deemed schedulable
continue to meet all deadlines even if the parameter changes
are occurring on line during run-time. We also permit that
the parameters change back and forth, on a job-to-job basis,
arbitrarily many times. The only restriction we will place
on such parameter-changing is that each generated job have
exactly one arrival time, execution requirement, and dead-
line during its lifetime.
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2) Should other parameters remain fixed, or they are allowed to vary?



Definitions Need Clarification
global EDF, except that at all times the set of jobs that is
executing is a set of jobs generated by tasks with the great-
est priorities. With respect to the sporadic sporadic work-
load model, a common FP scheduling policy is deadline-
monotonic (DM), in which priorities are assigned to tasks
depending on the value of their relative deadline parameters
(with smaller deadlines corresponding to greater priority).

Global EDZL scheduling. Earliest Deadline until Zero
Laxity (EDZL) is another widely-studied global scheduling
policy[9, 1, 8]. We discuss this policy further in Section 4.

2.3 Sustainability

It would be unsafe to rely upon any schedulability test for
practical purposes if a task system that is deemed schedu-
lable by the test may fail to meet all deadlines if the sys-
tem behaves better at run time than the specifications. The
notion of sustainability formalizes this expectation: intu-
itively, sustainability requires that schedulability be pre-
served in situations in which it should be “easier” to en-
sure schedulability. As explained in [4, 7], sustainability
of schedulability guarantees under relaxations of timing pa-
rameters is a very basic and fundamental requirement in the
engineering or hard-real-time systems, since it is only very
rarely that a system can be characterized exactly (rather than
by upper bounds) at system design time.

Sustainability is defined in [4, 7] as a property of a
scheduling policy (and its associated schedulability tests).
But what constitutes “better” than worst-case behavior of a
system is intimately linked to the manner in which the sys-
tem is specified. Consider, for instance, systems specified
according to the arbitrary job sets model. Such a system
can reasonably be said to behave better than its specifica-
tions if some jobs execute for less than their worst-case ex-
ecution time specifications, and/ or have actual deadlines
later than their specified deadlines. However, some (not all)
jobs arriving later than specified would not be considered
to constitute better behavior, since this would tend to cause
overload at a later point in time. For systems that are spec-
ified according to the sporadic tasks model, decreased exe-
cution times and larger relative deadlines continue to con-
stitute better behavior than specified; in addition, jobs of
a task arriving more than the minimum inter-arrival sepa-
ration apart could also reasonably be said to be behaving
better than specified.

Given this strong link between the notion of better be-
havior and the workload model, we believe that sustainabil-
ity is appropriately defined with respect to specific workload
models. In this paper, the workload model considered is the
sporadic task model. As we have seen, any given sporadic
task system may generate infinitely many different job sets,
and such a task system is said to be schedulable by a partic-
ular scheduling policy only if the scheduling policy is able

to successfully schedule all these job sets. Sustainability
of scheduling policies and schedulability tests for sporadic
task systems must hence also take into consideration all the
different job sets that may be generated by a given task sys-
tem. With respect to the sporadic workload model, the def-
inition of sustainability may be stated as follows:

Definition 1 (Sustainable scheduling policy) Let A de-
note a scheduling policy. Let τ denote any sporadic task
system that is A-schedulable. Let J denote a collection of
jobs generated by τ . 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
τi ∈ τ arrive at least Ti time units apart.

If A is a sustainable scheduling policy, then every suffi-
cient A-schedulability test possesses the desired property
that any sporadic task system deemed A-schedulable will
remain A-schedulable if it behaves better than specified.
For scheduling policies that are not sustainable, though, not
every schedulability test possesses this desirable property.
Those that do are called sustainable schedulability tests:

Definition 2 (Sustainable schedulability test) Let A de-
note a scheduling policy, and F an A-schedulability test
for sporadic task systems. Let τ denote any sporadic task
system deemed to be A-schedulable by F . Let J denote a
collection of jobs generated by τ . F is said to be a sustain-
able schedulability test if and only if scheduling policy A
meets all deadlines when scheduling 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 requirements; (ii) larger relative dead-
lines; and (iii) later arrival times with the restriction that
successive jobs of any task τi ∈ τ arrive at least Ti time
units apart.

We would like to stress that declaring a scheduling pol-
icy or a schedulability test for sporadic task systems to be
sustainable represents a stronger claim than simply that a
task system deemed schedulable would remain schedulable
with better parameters (e.g., with a larger period or relative
deadline, or a smaller execution requirement). In addition,
sustainability demands that a system deemed schedulable
continue to meet all deadlines even if the parameter changes
are occurring on line during run-time. We also permit that
the parameters change back and forth, on a job-to-job basis,
arbitrarily many times. The only restriction we will place
on such parameter-changing is that each generated job have
exactly one arrival time, execution requirement, and dead-
line during its lifetime.
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1) Assume arbitrary job sets or job sets from a schedulable task set?

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

2) Should other parameters remain fixed, or they are allowed to vary?
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Strongly Sustainable w.r.t. Parameter P

This matches the result by Abdeddaïm and Masson. 
The examples show that EDF scheduling of self-suspending tasks is 
not strongly sustainable w.r.t. both execution and suspension times.

If a job set is schedulable, then it remains 
schedulable for better values of parameter P, 

assuming all parameters other than P remain constant.
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Strong Sustainability: Ideal but Hard to Prove

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

Execution Times (P)

Interarrival Times

Suspension Times (V)

Simplifies analysis greatly, but 
may be impossible to prove.

Worst Case
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All possible combinations of parameters must be 
checked to determine the worst-case scenario.
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Unsustainability: Difficult to Analyze

All possible combinations of parameters must be 
checked to determine the worst-case scenario.

Execution Times

Interarrival Times

Suspension Times

Hard to analyze efficiently 
without introducing  

pessimism!
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How to Find a Middle Ground?

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

Sustainable 
 parameter P + Set of varying 

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 
for all possible combinations of parameter values in V, 

then it remains schedulable for better values of parameter P, 
assuming all parameters other than P and those in V remain constant.



Unsustainability: Difficult to Analyze
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Interarrival Times

Suspension Times



Weak Sustainability: Search Space Reduction

We can maximize/minimize the sustainable parameter P, 
as long as the analysis covers all possible values in V.
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Weak Sustainability: Search Space Reduction

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

Execution Times (P)

Interarrival Times

Suspension Times (V)

Allows for more efficient  
analysis for policies that are  

not strongly sustainable.
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Recall Result by Abdeddaïm 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

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

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.

machine-checked with

prosa.mpi-sws.org/releases/sustainability

We proved that uniprocessor JLFP scheduling of  
self-suspending tasks is weakly sustainable w.r.t. 
execution times and variable suspension times.
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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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What Else is in the Paper?

Formal theory 
of sustainability

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

We need certain assumptions on the parameters!

Composition rules 
for weak and  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A + B = C
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What Else is in the Paper?

Formal theory 
of sustainability

Composition rules 
for weak and  

strong sustainability

A + B = C

Proof strategy  
for weak sustainability

Schedule construction with two proof obligations:  
(a) service invariant + (b) validity of the new schedule
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to clarify an important concept in real-time scheduling.
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Takeaways

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 variable suspension times.

For more details, visit 
prosa.mpi-sws.org/releases/sustainability

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

http://prosa.mpi-sws.org

