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Mixed Tasksets
 In many applications, there are as well aperiodic as 

periodic tasks.
 Periodic tasks: time-driven, execute critical control 

activities with hard timing constraints aimed at 
guaranteeing regular activation rates.

 Aperiodic tasks: event-driven, may have hard, soft, non 
real-time requirements depending on the specific 
application.

 Sporadic tasks: Aperiodic tasks characterized by a 
minimum interarrival time are called sporadic.
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SOFT aperiodic tasks
 • Aperiodic tasks with SOFT deadlines should be 

executed as soon as possible, but without jeopardizing 
HARD tasks.

 • We may be interested in
 → minimizing the average response time
 → performing an on-line guarantee
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Background Scheduling
 Simple solution for RM and EDF scheduling of periodic 

tasks:
 Processing of aperiodic tasks in the background, i.e. if there 

are no periodic request.
 Periodic tasks are not affected.
 Response of aperiodic tasks may be prohibitively long and 

there is no possibility to assign a higher priority to them.
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Example
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Polling Server
 Idea: Introduce an artificial periodic task whose 

purpose is to service aperiodic requests as soon as 
possible (therefore, “server”).
 Like any periodic task, a server is characterized by a period 

and a computation time .
 The server is scheduled with the same algorithm used for the 

periodic tasks and, once active, it serves the aperiodic requests 
within the limit of its server capacity.

 Its priority (period!) can be chosen to match the response 
time requirement for the aperiodic tasks.
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Terms
 A periodic server (ps , es) is defined partially by its period 

ps and execution time es. The parameter es is called the 
execution budget (or simply budget) of the server. The 
ratio us = es / ps is the size of the server.

 Backlogged: whenever the aperiodic job queue is 
nonempty

 Eligible (i.e., ready): when it is backlogged and has budget 
(i.e., its budget is nonzero).
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Polling Server
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Example
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Polling Server Schedulability
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Deferrable Server
 • Is similar to the PS, but the budget is not discharged if 

there are no pending requests.
 Consumption Rule
 The execution budget of the server is consumed at the rate of 

one per unit time whenever the server executes.
 Replenishment Rule
 The execution budget of the server is set to es at time instants 

kpk, for k = 0, 1, 2, . . . .

 • Keeping the budget improves responsiveness, but 
decreases the utilization bound.
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Deferrable Server
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EDF+Deferrable Server

Example illustrating the operations of a deferrable server: (TDS = (3, 1),   
T1 = (2, 3.5, 1.5), and T2 = (6.5, 0.5).
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Deferrable Server
 The responsiveness of the system can be further 

improved if we combine the use of a deferrable server 
with background execution.

 This server is scheduled whenever the budget of the 
deferrable server has been exhausted and none of the 
periodic tasks is ready for execution.
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Schedulability of Fixed-Priority Systems 
Containing DS

The factor limiting the budget of a deferrable server
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Total Bandwidth Server
 • It is a dynamic priority server, used along with EDF.
 • Each aperiodic request is assigned a deadline so that the 

server demand does not exceed a given bandwidth Us .
 • Aperiodic jobs are inserted in the ready queue and 

scheduled together with the HARD tasks.
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•More details in: Garder,M.K;Liu,J.W.S. Performance of Algorithms for 
Scheduling Real-Time Systems with Overrun and Overload. In EMRTS 1999
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T1 = (4, 0.5), T2 = (4, 1.0), T3 = (19, 4.5).
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Comparison with TBS&CBS
 For a given set of aperiodic jobs and server size, both 

kinds of servers have the same sequence of deadlines, but 
the budget of a total bandwidth server may be 
replenished earlier than that of a constant utilization 
server.

 In the above example, this means that the server’s budget 
is replenished at 6.9 and, if A3 were to arrive at 14, at 14, 
and the deadline of the server is 15 and 23.5, 
respectively, A3 would be completed at time 17.5 if it 
were executed by a total bandwidth server but would be 
completed at 19 by a constant bandwidth server.
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Recommended Readings
 Jane W.S. Liu. Real-Time Systems, 2002.
 LUI SHA, et al. Real Time Scheduling Theory: A Historical 

Perspective. In Real-Time Systems 2004. 
 Garder,M.K;Liu,J.W.S. Performance of Algorithms for 

Scheduling Real-Time Systems with Overrun and Overload. In 
EMRTS 1999.
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