
Embedded Control Systems

Exam 2017-06-01

14:00 � 18.00: M Building

Course code: SSY190

Teachers: Knut Åkesson

The teacher will visit examination halls twice to answer questions. This will
be done approximately one hour after the examination started and one hour
before it ends.

The exam comprises 22 credits. At least 10 credits are needed for passing
the written exam. The �nal grade is set by the rules published at the course
syllabus.

Solutions and answers should be complete, written in English and be unam-
biguously and well motivated. In the case of ambiguously formulated exam
questions, the suggested solution with possible assumptions must be moti-
vated. The examiner retains the right to accept or decline the rationality of
assumptions and motivations.

Exam results will be reported in Ladok. The results are open for review
2017-06-21 and 2017-08-30 between 12:30-13:30 at the department.

No aids are allowed on the written exam except:

• Pen and a rubber

• Standard pocket calculator (no hand computer). Erased memory.

• Essential C, Nick Parlante. No comments are allowed in the report.

• Dictionary from/to your native language to/from English
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a) Explain the di�erence between casual and acasual modelling of dynamic
systems.

(1p)

b) Describe how Zeno-behavior might occur and how it might a�ect the
simulation of hybrid systems.

(1p)

c) Describe the di�erence between a safety speci�cation and a liveness spec-
i�cation.

(1p)

d) Describe the four necessary conditions for deadlocks to occur i multi-task
programs.

(2p)
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The concurrent execution of task TA and task TB produces an in�nite se-
quence of 〈A〉 and 〈B〉. Three semaphores are used to coordinate the tasks,

1. mutex that is initialized to 1,

2. times_a that is initialized to either 0, 1, or 2,

3. times_b that is initialized to either 0, 1, or 2.

Psuedo code for the two tasks are given below.

Task TA:

for ( ; ; )
{

take ( times_a ) ;
take (mutex ) ;
p r i n t ( "A" ) ;
g ive (mutex ) ;
g ive ( times_b ) ;

}

Task TB:

for ( ; ; )
{

take ( times_b ) ;
take (mutex ) ;
p r i n t ( "B" ) ;
g ive (mutex ) ;
g ive ( times_a ) ;

}

Determine for each start of sequences below if it can be printed by execut-
ing the tasks above. If a sequence can be generated also indicate to what
values times_a and times_b have to be initialized to for the sequence to be
generated. If it cannot be generated for any initialization explain why.

a) AABAABAAB, . . .
(1p)

b) ABAABABAA, . . .
(1p)

c) ABABABABA, . . .
(1p)

d) AABBABBAA, . . .
(1p)
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A robot has been designed with three di�erent tasks TA, TB, TC , with in-
creasing priority. The task TA is a low priority thread which implements a
DC-motor controller, the task TB periodically send a �ping� through a wire-
less network card so that it is possible to know if the system is running.
Finally the task TC , with highest priority, is responsible to check the status
of the data bus between two I/O ports. The control task is at low priority
since the robot is moving very slowly in a cluttered environment. Since the
data bus is a shared resource there is a semaphore (mutex) that regulates
the access to the bus. The tasks have the following characteristics

Task name Period Execution time
TA 9 3
TB 6 3
TC 2 0.1

Assuming the kernel can handle preemption, analyze the following possible
working condition:

1. at time t = 0, the task TA is running and acquires the bus in order to
send a new control input to the DC-motors,

2. at time t = 2 the task TC needs to access the bus meanwhile the control
task TA is setting the new control signal,

3. at the same time, t = 2, the task TB is ready to be executed to send
the �ping� signal.

a) Show graphically which tasks are running. What happens to the high
priority task TC? Compute the response time of TC in this situation.

(2p)

b) Suggest a possible way to overcome the problem in a). Compute the
response time of TC in this situation.

(2p)
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When scheduling among controller processes it is often the case that the
relative deadline (D) is less than the period (T). Standard rate-monotonic
scheduling assume that the relative deadline is equal to the period. In
deadline montonic is is the relative deadline of the task instead of the period
of the task that determine the priority. In deadline monotonic scheduling
the shorter relative deadline the higher priority of the task. Consider the
following task set. C is the worst case execution time.

Task T (ms) C (ms)
TA 30 8
TB 40 8
TC 60 20

a) Assume that the deadlines are equal to the period for each task. Deter-
mine by using the Liu-Layland critera (see formula sheet) if the deadlines
are guaranteed to be meet.

(2p)

b) Assume that DA = 30, DB = 20, and DC = 55. Determine if it is possible
to meet all deadlines with priorities set using the deadline monotonic
principle for the task set above.

(3p)
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Consider a system with two tasks, T1 and T2, and a single shared resource.
Both tasks perform di�erent activities but every now and then wants to
use the shared resource. We have the following atomic propositions de�ned,
i ∈ {1, 2}.

• Ti.request

• Ti.use

• Ti.release

Specify in Linear Temporal Logic (LTL) the properties below. The allowed
temporal operators are Always (G), Eventually (F), Until (U), and Next (X).

a) Mutual exclusion, i.e., only one task at a time can use the resource.
(1p)

b) Finite time of usage, i.e., a task can only use the resource for a �nite
amount of time.

(1p)

c) Alternating access, i.e., tasks must strictly alternate in using the resource.

(2p)

Good Luck!
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Formula sheet

Liu-Layland schedulability test

n∑
i=1

Ci

Ti

≤ n(21/n − 1)

Response-time analysis

Ri = Ci +
∑

∀j∈hp(i)

⌈
Ri

Tj

⌉
Cj
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Knut
Sticky Note
typo - the response time is for task C.






