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Please read the Guidance for Students
(https://www.bath.ac.uk/topics/exams-and-assessments) before attempting this exam.
The Guidance contains information about submitting your exam attempt and choosing to
defer.

This is an open book exam. You may refer to your own course and revision notes and look
up information in offline or online resources, for example textbooks or online journals. Make
sure you give proper citations to any sources you use.

This exam is designed to take approximately 2 hours to complete.

Full marks will be given for correct answers to THREE questions. If you opt to answer more
than the specified number of questions, you should clearly identify which of your answers you
wish to have marked. In cases you have failed to identify the correct number of answers the
marker is only obliged to consider the answers in the order they appear up to the number of
questions required.

This exam is an individual assessment.

Submitting your assessment: upload a single PDF before the hand in cutoff. PDF is the
only format that will be accepted. You may use a word-processor or write by hand and scan
to PDF. Diagrams may be hand-drawn and scanned. Please check all scans are legible.
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Academic Integrity for Remote Exams

When you registered as a student you agreed to abide by the University’s regulations and
rules, and agreed that you would access and read your programme handbook. These
documents contain references to, and penalties for, unfair practices such as collusion,
plagiarism, fabrication or falsification. The University’s Quality Assurance Code of Practice,
QA53 Examination and Assessment Offences (https:
//www.bath.ac.uk/publications/qa53-examination-and-assessment-offences/), sets
out the consequences of committing an offence and the penalties that might be applied.

By submitting your exam as instructed, you confirm that:

1. You have not impersonated, or allowed yourself to be impersonated by, any person for
the purposes of this assessment.

2. This assessment is your original work and no part of it has been copied from any other
source except where due acknowledgement is made.

3. You have not previously submitted this work for any other unit/course.

4. You give permission for your assessment response to be reproduced, communicated,
compared and archived for plagiarism detection, benchmarking or educational purposes.

5. You understand that plagiarism is the presentation of the work, idea or creation of
another person or organisation as though it is your own. It is a form of cheating and is
a very serious academic offence that may lead to disciplinary action.

6. You understand that this assessment is undertaken without invigilation, and that you
have not communicated with and will not communicate with anyone concerning this
assessment before the deadline for submission unless it is expressly permitted by the
assessment instructions.

7. No part of this assessment has been produced for, or communicated to, you by any
other person, unless it is expressly permitted by the assessment instructions.

If you have any questions about the exam you should contact the exams helpline.
Information and contact details can be found on our help and advice webpage
(https://www.bath.ac.uk/guides/exams-and-assessments-get-help-and-advice)
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1. What is a race condition? [2]

Consider the following code that tries to synchronise two threads:

int flag = 0;

...

Thread 1 Thread 2

while (flag == 0) { /* busy wait */ } value = 23

print(value) flag = 1

Describe how an optimising compiler might break this code. [2]

And, further, describe how the hardware might break this code. [2]

What is a memory fence, and how would it apply to the above code? [3]

What is an atomic (machine) instruction? Illustrate your description with an example
instruction. [4]

Why don’t atomics directly solve the problem of races? [2]

Explain how the memory architectures of shared memory machines make implementation
of atomics and memory fences hard. [3]

The concept of a Time-of-check to time-of-use (TOCTOU) problem in software has been
around for a long time. How does that relate to races? [2]

CM30225



CM30225

2. Read the following code excerpt:

void helloworld(int *h) {

printf("hello world %d\n", *h);

}

int main(void) {

int n;

pthread_t tid1, tid2;

n = 1;

pthread_create(&tid1, NULL, (void*(*)(void*))helloworld, &n);

n = 2;

pthread_create(&tid2, NULL, (void*(*)(void*))helloworld, &n);

return 0;

}

List the possible outputs this code might produce, giving careful timelines of execution
to explain each one. [10]

What is the most likely output? Explain. [2]

Outline what needs to be done to produce the outputs the programmer possibly intended
(either sketch code, or carefully explain). [4]

How would you go about testing your code for correctness? [4]
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3. What is the divide and conquer approach to parallelising a problem? [2]

The quicksort works as follows: to sort a list of integers

(1) pick a value, the pivot, from the list

(2) partition the values in the list into two sublists where the first sublist has all values
that are ≤ the pivot; and the second sublist has all values that are > the pivot

(3) recursively quicksort the sublists

(4) return the first sublist, the pivot, the second sublist

Describe how you would make quicksort parallel by using divide and conquer. [2]

In a real implementation, you probably wouldn’t want to divide all the way down
to individual elements. Explain why, and explain how you might decide how far to
subdivide. [4]

Speculate on how you might parallelise the partition step. [4]

What is load balancing in a parallel problem? [2]

Give a simple example to show how load balancing is important for a good speedup. [4]

What is the connection between load balancing and quicksort? [2]

4. “GPUs are the future of High Performance Computing (HPC).” Write an essay discussing
this statement (for or against). You should cover, at least, their history, compute
architecture, memory architecture, programming, uses, comparisons with other parallel
architectures. [20]
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