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Scheduling of Aperiodic Tasks

• When servers scheduled in EDF, we call them 
dynamic priority servers

• In this part we assume
▪ Periodic tasks scheduled by EDF

▪ All periodic tasks (τi) have hard deadlines

▪ All aperiodic tasks (Ji) do not have deadlines

▪ All periodic tasks start at t=0 and relative deadlines are 
equal to periods

▪ Each aperiodic request has a known computation time but 
an unknown arrival time
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Dynamic Priority Exchange Server

• Extension of PE to work under EDF
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DPE Example

Figures taken from Spuri, M., Buttazzo, G.`:Scheduling Aperiodic Tasks in Dynamic Priority Systems
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Schedulability Analysis

• Exchanging the priorities does not influence the 
schedulability.

• Thus the criterion is the same as under EDF
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Reclaiming Spare Time

• When task finishes before it's WCET, it is possible to 
add the remaining time to the aperiodic capacity

Figures taken from Spuri, M., Buttazzo, G.`:Scheduling Aperiodic Tasks in Dynamic Priority Systems
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Dynamic Sporadic Server

• Similar to sporadic server, only differs in how the 
priority (i.e. the deadline) is assigned
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Dynamic Sporadic Server – Example

Figures taken from Spuri, M., Buttazzo, G.`:Scheduling Aperiodic Tasks in Dynamic Priority Systems
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Schedulability Analysis

• DSS behaves almost like a periodic task,
thus the criterion is the same as under EDF
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Total Bandwidth Server

• When DSS has a long period, execution of aperiodic 
requests may take quite long.
▪ One option is to shorten the period of the server

▪ Another option is to assign an earlier deadline

• TBS assigns the earlier deadline
▪ Does it in a way that the server never exceeds some pre-

defined utilization
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Total Bandwidth Server

•  
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Total Bandwidth Server – Example

Figures taken from Spuri, M., Buttazzo, G.`:Scheduling Aperiodic Tasks in Dynamic Priority Systems
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Schedulability Analysis

• It again holds that a periodic task set together with a 
TBS is schedulable if and only if
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Improved Priority Exchange Server

• Improves the responsiveness of DPE by delaying 
periodic tasks as much as possible.

• If it has a capacity, it runs as the highest priority task 
regardless deadlines of the other tasks

• Replenishes capacity only at precomputed times with 
a precomputed value, otherwise is the same as DPE

• Has similar complexity of DPE, but can have bigger 
memory demand (to store the precomputed values)
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IPE Slack Times

• In a regular schedule, it is possible to postpone periodic 
tasks such as it does not influence schedulability

Figures taken from Spuri, M., Buttazzo, G.`:Scheduling Aperiodic Tasks in Dynamic Priority Systems
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IPE Slack Times

• Slack times appear only at the start of some period

• They can be represented in a table

Figures taken from Spuri, M., Buttazzo, G.`:Scheduling Aperiodic Tasks in Dynamic Priority Systems
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IPE – Example

Figures taken from Spuri, M., Buttazzo, G.`:Scheduling Aperiodic Tasks in Dynamic Priority Systems
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IPE – Schedulability

• The whole task set is schedulable if on only if

•
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IPE Performance

Figures taken from Spuri, M., Buttazzo, G.`:Scheduling Aperiodic Tasks in Dynamic Priority Systems
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IPE Performance

Figures taken from Spuri, M., Buttazzo, G.`:Scheduling Aperiodic Tasks in Dynamic Priority Systems
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IPE Performance

Figures taken from Spuri, M., Buttazzo, G.`:Scheduling Aperiodic Tasks in Dynamic Priority Systems
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Constant Bandwidth Server

• Guarantees utilization (similar to TBS) and is almost as 
efficient as TBS.

• Can handle aperiodic task overruns (contrary to TBS)
▪ This happens when WCET estimation of aperiodic task is wrong

• Basic idea
▪ When a new job enters the system, it is assigned a suitable 

scheduling deadline and inserted in EDF ready queue
▪ If the job tries to execute more than expected, its deadline is 

postponed (i.e. priority decreased)
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Constant Bandwidth Server

•

•

•

•
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Constant Bandwidth Server

•

•

•

•
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CBS – Example

Figure taken from Buttazzo, G.:Hard Real-Time Computing Systems
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CBS Properties

•

•

•
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CBS Performance

DSS waits till capacity is replenished, thus cannot efficiently use the 
time between hard tasks

Figure taken from Buttazzo, G.:Hard Real-Time Computing Systems
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CBS Performance

Figure taken from Buttazzo, G.:Hard Real-Time Computing Systems

TBS outperforms CBS in average tardiness
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CBS Performance

However, TBS adapts poorly to variance in computation times

Figure taken from Buttazzo, G.:Hard Real-Time Computing Systems
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Evaluation

Figure taken from Buttazzo, G.:Hard Real-Time Computing Systems
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