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Past Exam and  
Exam-like Questions



General Notes
• any 2 out of 3 question format 

• bullet point answers are generally ok 

• application of knowledge more important than recital of 
definitions (unless you’re being asked to give a 
definition) 

• no trick questions 

• no questions (immediately) relating to practical 
coursework



EDF Scheduling



EDF Scheduling



FOR INTERNAL SCRUTINY (date of this version: 27/2/2013)

1. (a) Explain in plain English terms the concepts of Mean Time Between Fail-
ure (MTBF), Mean Time To Repair (MTTR), and Mean Time To Failure
(MTTF). [3 marks ]

(b) Consider the function foo and its associated control flow graph in the dia-
gram below:

   foo(x, i)
A:   while (i < 100)
B:     if (x > 5) then
C:        x = x * 2;
       else
D:        x = x + 2;
       end
E:     if (x < 0) then
F:        b[i] = a[i];
       end
G:     i = i + 1;
     end

foo
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i. Express the start and end conditions using X

foo

and X

end

for a single
invocation of function foo. [2 marks ]

ii. For each node of the control flow graph express the structural constraints
using the appropriate node execution counts X

i

and their transition
execution counts X

i,j

. [5 marks ]

iii. Express the loop bounds using a suitable expression using the appro-
priate node execution counts X

i

. [2 marks ]

iv. Using node expression counts express the fact that nodes C and F are
mutually exclusive. [2 marks ]

v. Determine the actual (numerical) node execution counts X

i

for all nodes
of the control flow graph. [3 marks ]

vi. State the condition for the worst-case execution time (WCET) for the
given control flow graph of function foo, the node execution counts X

i

and the node timing information t

i

. [2 marks ]

vii. Determine the actual (numerical) WCET for the function foo. [2 marks ]
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Module Title: Embedded Systems

Exam Diet (Dec/April/Aug): April 2013

Brief notes on answers:

1. (a) Bookwork

Mean Time Between Failure (MTBF) is a reliability term used to provide the
amount of failures per million hours for a product. This is the most common
inquiry about a product’s life span, and is important in the decision-making pro-
cess of the end user. MTBF is more important for industries and integrators than
for consumers. Most consumers are price driven and will not take MTBF into
consideration, nor is the data often readily available. On the other hand, when
equipment such as media converters or switches must be installed into mission
critical applications, MTBF becomes very important. In addition, MTBF may
be an expected line item in an RFQ (Request For Quote). Without the proper
data, a manufacturer’s piece of equipment would be immediately disqualified.

Mean Time To Repair (MTTR) is the time needed to repair a failed hardware
module. In an operational system, repair generally means replacing a failed
hardware part. Thus, hardware MTTR could be viewed as mean time to replace
a failed hardware module. Taking too long to repair a product drives up the
cost of the installation in the long run, due to down time until the new part
arrives and the possible window of time required to schedule the installation. To
avoid MTTR, many companies purchase spare products so that a replacement
can be installed quickly. Generally, however, customers will inquire about the
turn-around time of repairing a product, and indirectly, that can fall into the
MTTR category.

Mean Time To Failure (MTTF) is a basic measure of reliability for non-repairable
systems. It is the mean time expected until the first failure of a piece of equip-
ment. MTTF is a statistical value and is meant to be the mean over a long period
of time and a large number of units. Technically, MTBF should be used only in
reference to a repairable item, while MTTF should be used for non-repairable
items. However, MTBF is commonly used for both repairable and non-repairable
items.
(1 mark for each term)

(b) (i). Start and end condition: X

foo

= X

end

= 1

(ii). Structural constraints:

• X

A

= X

foo,A

+ X

G,A

• A

A,B

+ X

A,end

= X

A

• X

B,C

+ X

B,D

= X

B

• X

E

= X

C,E

+ X

D,E

(iii). Loop bounds: X

A

 100

(iv). C and F mutually exclusive: X

C

+ X

F

 X

A

(v). Numerical execution counts:

• X

foo

= X

end

= 1

• X

A

= 100, X

B

= 100, X

C

= 100, X

D

= 0, X

E

= 100, X

F

= 0, X

G

= 100

(vi). WCET = max

P
(X

entity

⇥ t

entity

) = X

A

⇥ t

A

+ X

B

⇥ t

B

+ X

C

⇥ t

C

+ X

E

⇥
t

E

+ X

G

⇥ t

G

i
(vii). WCET = 3000

(c) SNR = n⇥ 6.02 + 1.76dB = 98.1dB

2. (a) A/D and D/A Conversion

(i). w(t) = 10 as 1
2 ⇥ V

ref

< 3.2V <

3
4 ⇥ V

ref

.

(ii). y = �V

ref

⇥ R1
8⇥R

⇥ nat(x) = 1.875V .

(b) Decision Table

(1 mark per correct rule)

(c) Notion of “computable” is at odds with the requirements of embedded software.
In this notion, useful computation terminates, but termination is undecidable.
In embedded software, termination is failure. However, to get predictable timing,
subcomputations must terminate (and we must be able to decide whether or not
they terminate).
(2 marks for mentioning of termination, 2 marks for explanation of why this is

a problem for embedded software)

3. (a) Answer to first part of question 3

(b) Answer to second part of question 3

(c) Answer to third part of question 3

ii



Reliability Analysis



Interrupts

FOR INTERNAL SCRUTINY (date of this version: 27/2/2014)

i. State the resolution Q in volts per step for the ADC in the diagram
above for a reference voltage of Vref = 5V and assuming ideal compo-
nents. [2 marks ]

ii. Compute the signal to noise (expressed in dB) for this ADC, again
assuming ideal components. [2 marks ]

(e) Briefly explain what needs to be done before a program can use interrupts
and why (assume the system uses a Nested Vectored Interrupt Controller). [4 marks ]

(f) Discuss the advantages and disadvantages of developing in assembly lan-
guage. Which parts of applications are usually written in assembly language,
and why? [4 marks ]

Page 2 of 4

Module Title: Embedded Systems

Exam Diet (Dec/April/Aug): April 2013

Brief notes on answers:

1. (a) (-1 mark for each incorrect term)

(b) (2 marks for correct answer) Nyquist Theorem states that a continuous-time
band-limited signal can be perfectly reconstructed from its discrete samples if
the sampling frequency is twice the bandwidth.

(c) (2 marks for each correct answer) Sampling period of 0.5 second implies a sam-
pling frequency of 2 Hz. By Nyquist Theorem, only signals with bandwidth
less than 1Hz can be perfectly reconstructed with an ideal low-pass filter. The
bandwidths for i), ii), iii) are 0.5Hz, 1Hz and 1 Hz so only the signal in i) can
be perfectly reconstructed.

(d) (1 marks per item).
As a bare minimum:

• Initialise the stack.

• Set up the vector table.

• Set up the priority table (of the NVIC).

• Enable interrupts.

(e) (1 mark for control/optimisation, 1 mark for time consuming/error prone, 1
mark for time critical, 1 mark for direct hardware access)
Since there exists a 1:1 relationship between assembly language instructions and
machine code the assembly language programmer has complete control and is
able to get the best optimization. But writing in assembly language is more time
consuming and error prone than writing in a high level language. In addition,
handling complex data structures and managing interfaces with function libraries
can be di�cult in assembler. For these reasons, most applications are written in
high level languages and assembly code is only used for parts of the system that
are time critical (e.g. ISR routines), size critical, or require manipulations that
are di�cult to achieve in C-code (e.g. direct manipulation of the stack)

2. (a) An embedded system is a system which contains a computer but its purpose
isnt general computing. i.e. the computer is hidden from the user. Embedded
systems include: Digital Cameras, Washing Machines, Mobile Phones, Cars,
Vending Machines, Televisions, Digital Radios, etc.

(b) Real-time systems are characterised by tasks wich MUST be completed within
a certain time, i.e. the system must meet so-called HARD deadlines. Failure to

i



Low-level Programming
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FOR INTERNAL SCRUTINY (date of this version: 27/2/2014)

1. (a) Consider a system with five kinds of component, with reliabilities

• component 1 : 0.95,

• component 2 : 0.95,

• component 3 : 0.70,

• component 4 : 0.75,

• component 5 : 0.90.

Because of the low reliability of the third and fourth components, they are
replicated; the system contains three of the third component and two of the
fourth component.

Compute the overall reliability of this series-parallel system. [5 marks ]

(b) State the Nyquist Sampling Theorem. [2 marks ]

(c) Which of the following continuous-time signals can be perfectly reconstructed
with an ideal low-pass filter after being sampled with a sampling period of
0.5 second?

i. x(t) = 3sin(⇡t)

ii. x(t) = 10sinc(2⇡t)

iii. x(t) = �(t), where � is the Dirac delta function on the real line which is
zero everywhere except at the origin, where it is infinite. [6 marks ]

(d) A Flash A/D, also called a parallel A/D converter, is formed of a series
of comparators, each one comparing the input signal to a unique reference
voltage. The comparator outputs connect to the inputs of a priority encoder
circuit, which then produces a binary output. The following illustration
shows a 3-bit flash ADC circuit:
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Resolution

! Resolution (in bits): number of bits produced 

! Resolution Q (in volts): difference between two input 
voltages causing the output to be incremented by 1

Q:  resolution in volts per step 
VFSR:  difference between largest 
 and smallest voltage 
n:  number of voltage intervals

Example: 
Q = Vref /4 for the 
previous slide



Signal to Noise Ratio

Signal to noise for ideal n-bit converter : n * 6.02 + 1.76 [dB] 
e.g. 98.1 db for 16-bit converter, ~ 160 db for 24-bit converter 

Additional noise for non-ideal converters

e.g.: 20 log10(2)=6.02 decibels



General Q&A


