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QUESTION 1 [14 marks]

(a) Briefly describe the role of the run-time stack in the implementation of threads.

QUESTION 1(a) [2 marks]

(b) In the implementation of Java threads, describe the relationship between thestart()
andrun() methods.
QUESTION 1(b) [2 marks]

(c) List the various ways to prevent deadlocks.

QUESTION 1(c) [4 marks]
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Question 1 (continued) Student Number: ................................

(d) Define the termssafetyand liveness. Briefly explain how these relate to the correctness
of a concurrent program.

QUESTION 1(d) [3 marks]

(e) In concurrent programming, there exist methodologies to gofrom requirements to model
and from model to implementation. Why is it particularly important to apply such method-
ologies for constructing concurrent systems?

QUESTION 1(e) [3 marks]
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QUESTION 2 [14 marks]

(a) List all traces of length 2 for the FSP process:SUM = (in[a:0..1℄[b:0..1℄ −> TOTAL[a+b℄),TOTAL[s:0..2℄ = (out[s℄ −> SUM).
QUESTION 2(a) [2 marks]

(b) How many states does the processSUM have?

QUESTION 2(b) [1 mark]

(c) A binary semaphore, in its initial state, can accept andown action, after which it can only
accept aup action and returns to its initial state.

(i) Write an FSP model for the binary semaphore in the processBSEM.

QUESTION 2(c)[i] [2 marks]

(ii) An agent using a binary semaphore namedmutex to guard the repeatedentry and
exit of a critical region may be modelled by:AGENT = (mutex.down−>enter−>exit−>mutex.up−>AGENT).
Write an FSP parallel composition,BSEMDEMO, of a system with two agent processes
and a binary semaphore such that only one agent can be in the critical region at any
time.
QUESTION 2(c)[ii] [3 marks]
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Question 2 (continued) Student Number: ................................

(iii) Draw a Labelled Transition System (LTS) for the FSP property:property MUTEX = (a[i:1..2℄.enter −> a[i℄.exit −> MUTEX).
QUESTION 2(c)[iii] [3 marks]

(iv) COMP2310 students, answer the following:Specify an FSP composition of the
system of Q2(c)(ii) to include the propertyMUTEX (noting that you may need to per-
form renaming of the action prefixes ofMUTEX, depending on your previous answer).
Would you expect the property to be violated? Briefly explain.
COMP6310 students, answer the following:For the system of Q2(c)(ii), specify
an FSPprogress propertyto express either thread will eventually be allowed to enter
the critical region. Would you expect this property to be violated? Briefly explain.
Specify a further FSP composition usingaction priority that could check this.

QUESTION 2(c)[iv] [3 marks]
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QUESTION 3 [17 marks]

(a) Describe the thread state transitions that are caused by calls to wait() andnotify().
Be specific on which thread makes the call and which thread(s)makes the transition.

QUESTION 3(a) [3 marks]

(b) In the context of concurrent programming, explain what is meant by the termrace con-
dition? Include in your answer 15 lines or less of pseudo code that has a race condition.
Hint: the situation is sometimes also described asinterference between threads.

QUESTION 3(b) [5 marks]
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Question 3 (continued)

(c) Consider the following Java code fragment of a monitor:
lass AMonitor {private boolean aState = false; ...syn
hronized void a

essMethod1() {while (aState == false) wait(); ...
}

}

(i) Assuming that the monitor functioned as intended, what would be the effect of re-
placing the loop ina

essMethod1() with a spin-loop,
i.e.while (aState == false) {/∗spin∗/}
QUESTION 3(c)[i] [2 marks]

(ii) How could you implement the effect of thesyn
hronized keyword (i.e. governing
the entry and exit of a synchronized method) using a test-and-set operation? This
operation is defined as follows:int testAndSet(volatile int ∗Lo
k):
{int lv = ∗Lo
k; ∗Lo
k = 1; return lv;} (atomically)

QUESTION 3(c)[ii] [3 marks]
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Question 3 (continued) Student Number: ................................

(d) In the context of a concurrent program, what is amonitor invariant? Describe an illustra-
tive example using pseudo-code.

QUESTION 3(d) [4 marks]

Additional answers to QUESTION ( )[ ]
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Student Number: ................................

QUESTION 4 [5 marks]

(a) Describe a scenario where it would be useful to employ an Adasele
t statement (you
need not describe it in terms of Ada).

QUESTION 4(a) [3 marks]

(b) Give one advantage and one disadvantage of asynchronous message passing over syn-
chronous message passing.

QUESTION 4(b) [2 marks]
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Additional answers to QUESTION ( )[ ]

Additional answers to QUESTION ( )[ ]

Additional answers to QUESTION ( )[ ]
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