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2h00 — Handwritten documents allowed
Electronic communication devices (phones, ...) are not allowed
You can reply in only one language, either English or French
The clarity and style of your explanations will be considered during grading
Only readable, precise, and sufficiently explained answers will be considered
Points for grading may vary

The exam is composed of independent parts that can be treated in any order. You are asked to
write each part on a separate copy.

Part 1 : real-time scheduling

1 Real-time scheduling for mono-processor (5 points)

Consider the following set of independent, synchronous, fixed-priority tasks. It runs on a mono-
core processor. Tasks have constrained deadlines (D < T'). We make no assumption on the fixed
priority assignment policy.

Task | Budget | Period | Deadline
TO 3 12 7
T1 3 15 15
T2 4 20 7
T3 4 30 28
T4 8 60 60

Question 1. (0.5 point) Necessary condition [course]
Recall the necessary scheduling condition for mono-core processors. Is it satisfied for this task set?

The utilization rate must be less than 1.
U=Z+2+mtpntae=5=<L

Potentially, the task system can be scheduled on a mono-core processor.

Question 2. (1 point) Worst Case Response Time [course]

Recall and explain the formula for calculating the worst-case response time. Recall the notations.



Question 3. (1.5 points) Optimal Priority Assignment [course|

Describe the OPA (Optimal Priority Assignment) algorithm for calculating all the priority assign-
ments that make this task set schedulable. Be sure to detail all the properties to be checked.

Question 4. (2 points) Valid Priority Assignments [course]

Using the previous questions, find the priority assignments that make this task system schedulable.
Explain your reasoning.
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2 Code Coverage (2 points)

Question 1. (1 point) Code coverage [course]

Indicate what should be done by a test suite to guarantee the code coverage according to the
approaches 1) Statement Coverage(SC), 2) Decision Coverage (DC) and 3) Modified Condition /
Decision Coverage (MC/DC). Particular attention will be paid to the clarity of your explanations.

Question 2. (1 point) Applying approaches SC, DC, MC/DC

Consider the code below. Illustrate each of these approaches by providing possible values of a, b,

and c for the conditions. Particular attention will be paid to readability and clarity.

if ((a==0) || ((b!=1) || (c ==2))) {Fl(a, b, €)}; F2(a, b, c) ;

3 Multi-core processor scheduling (3 points)

The following set of independent, synchronous, deadline implicit tasks is executed on a dual-core

processor according to a Global Deadline Monotonic scheduling policy.

Task | Budget | Period
TO 1 2
T1 2 3
T2 2 4

Question 1. (1 point) Critical Instant |course]

Recall why the critical instant is important when calculating the response time, and under what

circumstances it occurs on a mono-core processor.
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Question 2. (1 point) Applying Global Deadline Monotonic scheduling

Explain how a Global Deadline Monotonic scheduler works on a multi-core processor and give
the chronogram of the given task set executed by a Global Deadline Monotonic scheduler on a
dual-core processor. Justify the time interval on which the chronogram is based.

Question 3. (1 point) Worst Case Response Time

Give the worst-case response time for the different tasks and conclude on what this example high-
lights.
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Part 2 - Program and WCET Analysis

4 Static Program Analysis(2 points)

Question 1. (2 points) Explain the three elements that define the value range analysis, i.e., the
abstract domain, the transfer function, and meet operator. You do not have to provide precise
formulas, but rather explain the key ideas. Also explain the partial order on the abstract domain.
Provide and explain brief examples for each element of your answer.

5 Worst-Case Execution Time Analysis (6 points)

Question 1. (2 points) In the lecture you have seen that the Worst-Case Execution Time (WCET)
of a program can be determined by measurements. FExplain how this could be done in practice.
Explain potential advantages/disadvantages of this approach.

Question 2. (2 points) Explain what loop bounds are and why they are needed during WCET
analysis. Provide a short C code example explaining the concept and show how you can indicate
the loop bounds to the 0tawa WCET analysis tool.
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Question 3. (2 points) Consider the Control-Flow Graph
(CFG) on the right, which consists of two consecutive
if-statements. The highlighted path indicates that the two
if-conditions are correlated. More precisely, whenever the
condition of the first if is true the condition of the second
if will also evaluate to true. Provide a flow fact for IPET
that expresses this correlation. Use the edge names (eq,
€2, ...) as names for the flow variables. Justify your answer.

6 Cache Analysis (2 points)

Question 1. (1.5 points) In the lecture you have seen that memory accesses can be classified as
always hit, always miss, or not classified. Explain the basic idea behind the data-flow analysis
(abstract domain, transfer function, and meet operator) that allows to classify an access as always
miss. You do not have to provide detailed formulas, it is sufficient to explain the basic idea.
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Question 2. (0.5 points) The picture below illustrates the analysis information with regard to a
Memory Block m for Cache Hit/Miss Classification. It shows a single Cache Set of a 4-way set-
associative cache to which m maps. Which of the two illustrations (a) or (b) belongs to the analysis
from the previous question, i.e., allows to classify accesses as always miss? Justify your answer.
What is the meaning of the cells that are highlighted in orange?

[
(b)




	1 Real-time scheduling for mono-processor (5 points)
	2 Code Coverage (2 points)
	3 Multi-core processor scheduling (3 points)
	4 Static Program Analysis(2 points)
	5 Worst-Case Execution Time Analysis (6 points)
	6 Cache Analysis (2 points)

