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All the questions are for M identical multiprocessor systems.

Exercise 7.1

(a) Explain and compare Partitioned, Semi-Partitioned, and Global multiprocessor schedul-
ing for sporadic real-time tasks. What are the corresponding advantages and disadvan-
tages?

(b) We have mentioned about the overheads to perform global scheduling and semi-partitioned
scheduling. List the potential overheads and bottlenecks.

(c) Mr. Smart wants to decide the number of processors he needs to schedule a set of
sporadic real-time tasks with implicit deadlines. He tries to use Global EDF and Global
RM. The total utilization

∑
τi
Ci

Ti
of the given task set is a constant. But, no matter

how many processors he adds (less than the number of tasks), he can always find an
execution pattern that is not schedulable under Global EDF or Global RM. Give an
example of such a set of tasks. (Hint: Dhall’s effect.)

(d) Construct a concrete example to explain that the speed-up factor of partitioned schedul-
ing with respect to global scheduling is at least 2 − 2

M
, where M is the number of

processors.

(e) Extend McNaughton’s algorithm to a semi-partitioned scheduling algorithm to handle
harmonic periodic tasks with implicit deadlines. Here, we assume that the tasks are
(strictly) periodic with synchronous release at time 0.
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Exercise 7.2

(Hint: You may consider to use http://www.wolframalpha.com/input/?i=solve to solve
the non-linear equations involved in this exercise set.)

Consider Global RM on M processors.

• Suppose that we can bound the carry-in of the head job of task τi by 0.2Ci in the
schedulability analysis of Global RM. What is the hyperbolic bound for the schedula-
bility test and what is the capacity augmentation factor?

• Suppose that we can completely remove the carry-in of the head job of task τi in the
schedulability analysis of Global RM. What is the hyperbolic bound for the schedula-
bility test and what is the capacity augmentation factor?

• Suppose that we are given k tasks, in which Tk ≥ f · Ti for all i = 1, 2, . . . , k − 1
and f = 5. Provided that τ1, τ2, . . . , τk−1 are schedulable by Global RM, what is the
hyperbolic bound for the schedulability test for task τk?

Exercise 7.3

Mr. Smart designs a semi-partitioned scheduling algorithm for sporadic real-time tasks T
on two processors as follows:

• The first processor handles at most Ci,1 amount of execution for task τi.

• The second processor handles at most Ci,2 amount of execution for task τi.

• Ci,1 + Ci,2 is the worst-case execution time for task τi.

• The system has a static priority ordering for executing tasks on the first processor, and
also a static priority ordering for executing tasks on the second processor.

• Mr. Smart designs a scheduling algorithm and claims that the worst-case response time
for τi is Ri,1 +Ri,2, where

– Ri,1: min 0 < t ≤ Ti, Ci,1 +
∑

j∈hp1(i)

⌈
t
Tj

⌉
Cj,1

– Ri,2: min 0 < t ≤ Ti, Ci,2 +
∑

j∈hp2(i)

⌈
t
Tj

⌉
Cj,2

– hp1(i) (hp2(i), respectively) is the set of tasks that have higher priority than τi
on the first (second, respectively) processor.

• The scheduling algorithm migrates tasks as follows: when the first processor executes
τi for Ci,1 amount of time, the remaining computation is immediately passed to and
handled by the second processor under the static-priority scheduling.

• Is his claim correct? Why or why not? If not, how can we fix it?
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Figure 1: Example for a DAG task τi with Φi = 2 + 5 + 2 + 3 = 12 and Ci = 2 + 4 + 5 + 3 +
1 + 2 + 3 = 20, where the number in each node is its execution time.

Challenge 7.4

We consider a sporadic task set T with implicit deadlines. That is, each task τi has its mini-
mum inter-arrival time Ti and relative deadline Di = Ti. Consider that each implicit-deadline
sporadic task τi ∈ T is a parallel task; we consider a general model for deterministic parallel
tasks, namely the DAG model. Each task is characterized by its execution pattern, defined
by a directed acyclic graph (DAG), as illustrated in Figure 1. Each node (subtask) in the
DAG represents a sequence of instructions (a thread) and each edge represents dependency
between nodes. A node (subtask) is ready to be executed when all its predecessors have been
executed. Two parameters related to the execution pattern of task τi are defined:

• total execution time (or work) Ci of task τi: This is the summation of the worst-case
execution times of all the subtasks of task τi.

• critical-path length Φi of task τi: This is the length of the critical path in the given
DAG, in which each node is characterized by the worst-case execution time of the
corresponding subtask of task τi; critical path length is the worst case time of the task
on an infinite number of processors.

• utilization Ui of task τi: This is Ci

Ti
.

Suppose that we use Global RM to schedule the above DAG tasks on M processors.
Explain that the task set is schedulable under Global RM if

∀k,

(
2 +

Φk + Ck−Φk

M

Tk

)
Πk−1
i=1 (Ui/M + 1) ≤ 3,

where T1 ≤ T2 ≤ · · · .

• Hint 1: Explain why Φk + Ck−Φk

M
is an upper -bound of the worst-case response time

of a DAG task τk when it is the only task in the system under Global RM.

• Hint 2: When accounting the interference from the highest-priority tasks, does it matter
to consider their DAG structures?
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