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Slide 1
Dynami Sheduling� We have looked at omputing shedules if we know all the jobs inadvane.� Dynami sheduling does not assume that we know the jobs inadvane (although dynami sheduling an be used for statishedules).� We will look at Earliest Deadline First Sheduling whih isoptimal for a single proessor system.

Slide 2
Running ExampleTwo tasks A and B� A has period 2 and worst ase exeution time 0:9� B has period 5 and worst ase exeution time 2:3Liu and Layland test gives:0:92 + 2:35 = 0:45 + 0:46 = 0:91So it fails the Liu and Layland test.
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Slide 3
Exat AnalysisA has the highest priority this gives RA = 0:9. B is interrupted by Aso RB = 2:3 + dRB2 e0:9Solve this by iteration, start with RB = 2:3.2:3 + d2:32 e0:9 = 2:3 + 2 � 0:9 = 4:12:3 + d4:12 e0:9 = 2:3 + 3 � 0:9 = 52:3 + d52e0:9 = 2:3 + 3 � 0:9 = 5So B only just makes its deadline.

Slide 4
Shedule
��
��
��
��

������

��
��
��
��

��
��
��
��

��
��
��
��

��
��
��
��

��
��
��
��

������ ������ ������ ��

1 2 3 4 5 6 7 8 9 10

B

A



Real Time Systems Leture 5 -Dynami Shedules 3

Slide 5
Earliest Deadline First - Dynami� The EDF algorithm an be implemented as a priority basedshedule, exept that priority of proesses an hangedynamially.� EDF, the runnable task with the earliest deadline is alwaysexeuted.To illustrate the algorithm use the same task set as before, assumethat the tasks are periodi, deadlines are equal to their periods.
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Slide 7
EDF Shedules� EDF shedules an be di�erent from the Rate Monotonishedule� They are normally used when the task set is not known inadvane.Question:� When an we use EDF shedules?

Slide 8
EDF Shedules are optimal� If there exists a shedule suh that all the tasks an bepreemptively sheduled where the tasks are independent thenthere is an EDF shedule. (Only applies to single proessors)The idea of the proof is not that ompliated, given a shedule youneed to show that it an be transformed into an EDF shedule. Thisan be done by swapping around tasks that are not in an EDFrelation. You have to show that suh swaps still give a valid shedule.
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Slide 9 When do EDF shedules work?Setion 6.3.1. Theorem 6.1� A system of T independent preemptable tasks with relativedeadlines equal to their periods an be feasibly sheduled on oneproessor if and only if its total utilization equal to or less than 1.

Slide 10
General test for EDF� The idea is to keep the utilization below 1.Suppose we have a set of tasks Ti = (Ai; Ci; Di) where Ai is thearrival time, Ci is the omputation time and Di is the deadlinerelative to the arrival time.Then if at all i, we order the tasks T1; : : : ; Ti by earliest deadline thenthe tasks 1 : : : i an be sheduled if C1 + � � �+ Ci � Di.If for all i it the i tasks an be sheduled then the whole set an besheduled.
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Slide 11
EDF ExampleTask set (Arrival,Computation,Relative Deadline)� A = (1; 5; 11), B = (2; 1; 3) and C = (3; 4; 8).Then at eah time we get:� At time 1, A = (1; 5; 11) and 5 � 11.� At time 2, B = (2; 1; 3), A = (1; 4; 10) (A has exeuted for oneunit of time) and 1 + 4 � 10� At time 3, B = (2; 0; 2), C = (3; 4; 8), A = (1; 4; 9) and 4 + 4 � 9.

Slide 12 EDF extensions� Not optimal for multiproessor sheduling.� EDF is not optimal for non-preemptive tasks
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Slide 13 Part II� Issues and topis in Multiproessor Sheduling:{ Models of distributed systems.{ Task assignment.{ Task assignment and ommuniation overhead.

Slide 14
Multiproessor Systems� Many modern systems are designed with a number of proessors.For example:{ Meredes S-lass has 63 miroproessors;{ a 1999 BMW 7-series has 65.The Volvo S70 has not one, but two CAN buses running through it,onneting the miroproessors in the mirrors with those in the doors withthose in the transmission. The mirrors talk to the transmission so thatthey an tilt down and inwards when you put the ar in reverse. The radiotalks with the anti-lok brakes so that the volume an go up and downwith road speed (the ABS has the most aurate speed information). aaSoure http://www.embedded.om/1999/9905/9905turley.htm+
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Slide 15
The Problem: How do tasks get assigned toproessors?It would obviously a waste of resoures if for every task we had asingle proessor. We an do better. But there are some issues:� Di�erent task with di�erent sheduling onstraints and proessorutilization. How do we assign tasks to di�erent proessors?� There is a ommuniation ost (network) if two tasks need toommuniate and they are on di�erent proessors. If the tasksare on the same proessor then there is less of a ommuniationost (shared memory). How do you alloate the tasks ontoproessors?

Slide 16
Task Assignment with No CommuniationOverhead.� The simplest model for task assignment is where we simply lookat the Exeution time and deadline requirements.� We ignore any possible ommuniation overhead.Even simple task assignment is NP-omplete.
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Slide 17
Bin Paking formulationRemember with EDF shedules is the utilization is less than one thenthe tasks will meet their deadlines.Model, assume a number of idential proessors and a number ofperiodi tasks (deadlines = Periods).Utilization Ui = Ci=PiCi omputation time, Pi period.

Slide 18
Example� 5 Tasks UA = 0:5,UB = 0:2,UC = 0:3,UD = 0:75,UE = 0:8.� Three proessors.It is possible to shedule as follows:Proessor1 Proessor2 Proessor3A D EC BTotal 0:7 0:95 0:8



Real Time Systems Leture 5 -Dynami Shedules 10

Slide 19 But there is no shedule staring:Proessor1 Proessor2 Proessor3A D CBTotal 0:7 0:75 0:3There is no where to put E.As the number of bins grow the number of possible solutions grow.

Slide 20
Heuristis - First FitAssign a random order to the tasks, then assign tasks to the �rstproessor that has enough spae.On the previous slide we saw an example that failed with �rst �t.Meaningful question. When does the fail-�rst priniple work. Oh andBaker have shown with m idential proessors eah sheduled with�xed-priority sheduleding �rst-�t an always �nd a feasible shedulewhen the total utilization is less than:m(p2� 1)
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Slide 21
More Compliated Algorithm� Assume Period = Deadline.� The test m(p2� 1) is not the best we an do.Remember Liu & Layland test. If the utilization is less than:URM (n) = n(21=n � 1)then it is possible shedule the tasks (remember not a omplete test).Bin pak aording to the utilization bound.

Slide 22 RMFF� Sort tasks in nondereasing order aording to their periods.� Assign next task to a proessor (with x tasks) if the newutilization would be equal or less than URM (x+ 1).
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Slide 23
RMFF ExampleRate Monotoni First Fit example 6 tasks two proessors.Task Period WCET Utilisation1 2 1 0.52 2.5 0.1 0.043 3 1 0.334 4 1 0.255 4.5 0.1 0.0226 5 1 0.2

Proessor 1:1 (0.5) 2 (0.54) 6 3 6 45 (0.56) 6 (0.76)Proessor 2:3 (0.33) 4 (0.58)URM (1) = 1, URM (2) = 0:828, URM (3) = 0:787, URM (4) = 0:757,URM (5) = 0:743.


