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Distributed Systems Design
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Instructions: You must attempt ALL questions.

Each question is worth 10 marks.

There are a maximum of 40 marks in total.

Within each question, the marks for subparts are shown.

Non-programmable calculators without full alphabetic keys are permit-
ted.

Paper foreign language to English dictionaries are permitted.

Question Topic Marks

1 Peer-to-peer Middleware 10 marks
2 Replication and Consistency 10 marks
3 Streaming Multimedia Traffic 10 marks
4 Synchronization 10 marks
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Question 1. Peer-to-peer Middleware. [10 marks]

Consider the Chord system given in the figure below.

(a) [4 marks] Node 7 joins the network. What would its finger table be? Show clearly how
you compute the second (2nd) entry of the finger table.

(b) [6 marks] Which other nodes’ finger tables will be changed, and what are their new
finger tables?
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Question 2. Replication and Consistency [10 marks]

(a) [2 marks] Consider the quorum-based consistency protocol. What problem could occur
in a system consisting of 12 replicas that has a read quorum of 7 and a write quorum of 6.

(b) [2 marks] Why is the following data store not sequentially consistent? Is it causally
consistent? Be sure to explain your answer.
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(c) [3 marks] Consider a system that combines read-your-writes consistency with writes-
follow-reads consistency. Is this system also sequentially consistent? Explain your answer.

(d) [3 marks] Is it possible to have write-write conflicts in client-centric consistency mod-
els? Explain your answer

Question 3. Streaming Multimedia Traffic [10 marks]

Multimedia traffic like video or voice have stringent delay requirements but allow some
degree of packet loss. If these packets are carried over the best-effort internet, packet delays
and losses are inevitable.

(a) [5 marks] Explain, with the help of a diagram, how a distributed system can alleviate
the effects of variations in packet delay.

(b) [5 marks] Explain, with the help of a diagram, how a distributed system can reduce the
adverse effects suffered by applications due packet losses.
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Question 4. Synchronisation. [10 marks]

Consider the messages as sent by the three processes shown in the figure below. A send
event and receive event is shown for each of the three messages sent between the processes,
for example A is a send event and B is a receive event for a message msg1 sent from P2 to
P1.
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(a) [2 marks] Define Lamports happened-before relation.

(b) [2 marks] Identify the concurrent events shown in the Figure.

(c) [4 marks] Use Lamport’s logical clocks algorithm to assign timestamps to the events
A-F. Assume that each process starts off with the same logical time of 0 and that we only
consider only internal events related to send and receive events. Show your reasoning.

(d) [2 marks] Using at least ONE example drawn from part (b) and (c), show that the Lam-
port clock timestamps reflect the happened-before relation but fail to capture causality.
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