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Slide 1
Towards and Exat analysisFrom the previous leture we found that :Name T C Priority UtilizationA 52 12 1 0.24B 40 10 2 0.25C 30 10 3 0.33Total utilization = 0.81. But sine 0.81 is more than 0.78 Liu andLayland's test does not say if it is possible to shedule the task set.
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But we an.
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Slide 3 An exat analysis
� In this leture we are going to look at priority based shedulingand try and give a more exat analysis.� It will turn out that it is harder to alulate than the Liu andLayland test, but we will be able to shedule more things.

Slide 4
Most DiÆult invoation
If we an satisfy the deadlines for the most diÆult invoation of thetasks, then the tasks will always meet their deadline. Where \mostdiÆult" refers to the situation where all tasks are releasedsimultaneously.In '86 Joseph and Pandyaa 1986 formalized the most diÆultinvoation into an easy to apply test.aM. Joesph and P.Pandya, \The Computer Journal(British Computer Soiety)"
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Slide 5
Exat AnalysisWe need some more notation:Notation DesriptionCi Worst-ase omputation timeTi PeriodDi DeadlineRi Worst-ase response timeIf we an alulate the worst-ase response time of a task and showthat it is earlier than the deadline then we an deide sheduling.

Slide 6
Worst-Case Response TimeHow do we alulate the worst-ase response time?Remember we are using �xed-priority sheduling. So tasks withshorted periods get given higher priority. So the response time of atask should depend on the times and omputations of all the higherpriority tasks.Given a task i de�ne hp(i) to be the set of all tasks with a higherpriority than task i.
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Worst-Case Response TimeJoseph and Pandya derive the following equation:Ri = Ci + X8j2hp(i)�RiTj �Cjwhere dxe is the smallest integer greater than x. For exampled3:1e = 4. The equation has Ri on both sides, we are looking for thesmallest value of Ri whih satis�es the equation.

Slide 8
Calulating RiTo solve the equation for Ri we have to form a reurrene relationshould onverge on orret value for Ri if there is a solution.Rn+1i = Ci + X8j2hp(i)�RniTj �CjThis equation either onverges or it will grow to exeed Di in whihase the task set has failed the sheduling test.
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Slide 9
ExampleBak to our example: Name T CA 52 12B 40 10C 30 10We �rst want to alulate the response time RA, sine A has thelongest period every task is at a higher priority.So hp(A) = fB;Cg

Slide 10
Calulating RAWe start be setting R0A to be 0.R1A = CA + �R0ATB �CB + �R0ATC �CC = 12R2A = CA + �R1ATB �CB + �R1ATC �CC = 32R3A = CA + �R2ATB �CB + �R2ATC �CC = 42R4A = CA + �R3ATB �CB + �R3ATC �CC = 52R5A = CA + �R4ATB �CB + �R4ATC �CC = 52
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Calulating RB and RCR1B = CB + � 0TC �CC = 10R2B = CB + � 10TC �CC = 20R3B = CB + � 20TC �CC = 20So RB has onverge.Sine hp(C) is empty (C is the highest priority task)RC = CC = 10

Slide 12 For our three tasks Ri � Di it is possible to shedule the tasks usinga rate-monotoni assignment.Summary so far:� Liu and Layland's test provides a suÆient but not neessarytest whih is very easy to apply. If we don't know if it is possibleto shedule the task set.� When Di = Ti Joseph and Pandya's test is exat, if ratemonotoni assignment works then the test will say yes.
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Slide 13
Deadline Monotoni vs. Rate Monotoni
If we have a task set where D < T then rate-monotoni assignmentmight not give the best assignment.For example an infrequent but urgent task might be given alow-priority beause its T is large and will in many ases miss itsdeadline.There is a better assignment if we use deadline monotoniassignment, where the shorter the deadline the higher the priority.Then if the task set is unshedulable deadline monotoni assignmentthen it is unshedulable with all other orderings.

Slide 14
Deadline Monotoni Sheduling (DMA)
� Task Model Periodi tasks with the deadline within the period.� Deadline monotoni Assignment - shorter the deadlinehigher the priority� Deadline monotoni Assignment is optimal - if there is apriority based shedule that will shedule the tasks the DMA will.Rate monotoni assignment is a speial ase of deadline monotoni.
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Example of DMS

P D C R RMS Priority DMS PriorityA 20 5 3 3 3 1B 15 7 3 6 2 2C 10 10 4 10 1 3D 20 20 3 20 4 4This task set won't work if we use simple rate-monotoni sheduling.But if we use deadline monotoni it will shedule.
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13All tasks meet their deadline (ontinue the shedule to �nd out!).

Slide 18 Deadline Monotoni
Deadline Monotoni is optimal in the following sense.If it is possible to shedule the task set with �xed prioritysheduling then it is possible to shedule it with deadlinemonotoni.


