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1. This paper contains 5 questions for a total of 100 marks.

2. Students should attempt to answer all of them.

3. This paper is not prior-disclosed.

4. The use of non-programmable electronic calculators is permitted.
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1. (20 marks)
Give brief answers to the following questions.

(a) What are the Lamport timestamps of the events a, b, c, d and e respectively in the
following space-time diagram? (5 marks)

(b) What is a deadlock? What are the Coffman conditions for a deadlock to occur?
(5 marks)

(c) Which three properties cannot be provided by a distributed system simultaneously,
according to the CAP theorem? Which one of them do NoSQL databases usually
compromise in favour of the other two? (5 marks)

(d) In RESTful APIs, what HTTP methods should be nullipotent and what HTTP meth-
ods should be idempotent? Which HTTP method should be used to replace a specific
item in the collection? (5 marks)

2. (20 marks)
Give brief answers to the following questions.

(a) What are the pros and cons of the “in-mapper combining” design pattern compared
with the combiner? (5 marks)

(b) What kind of reducer functions can be used directly as combiner functions? Provide
three examples of such functions. Is it usually better to set the number of map tasks
larger than the number of computer nodes in the cluster? Why? (5 marks)

(c) What are the three possible ways to perform a natural join of two relational tables
using MapReduce? Which one of them has the fastest speed? Which one of them has
the least restriction? (5 marks)

(d) What does RDD stand for in Spark? What does the lineage of an RDD mean? Why
does an RDD need to remember its lineage all the time? (5 marks)
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3. (20 marks)
There is a large text file of information about films stored in the HDFS over a number of
machines. Each line of this file describes the details of one film in the following format.

title | year | runtime | genres | stars
The different fields are separated by the | character; the list of genres and the list of stars
are both separated by commas; the runtime is measured in minutes.
An example line is given below.

The Godfather | 1972 | 175 | Crime, Drama | Marlon Brando, Al Pacino, James Caan
You can assume that there are no duplicate records, and each distinct star’s name is unique.
Write a MapReduce program (in pseudo-code) to calculate for each genre the average
runtime of film in the 1970s.
A combiner should be implemented to accelerate the computation.

4. (20 marks)
Consider the same large data file as described in the previous question (Q3).
Write a MapReduce program (in pseudo-code), using the “stripes” pattern, to calculate for
each star how many films he/she has co-starred with each other star (if they have co-starred
before). For example, the output corresponding to the actor Al Pacino could be as follows.

Al Pacino — Marlon Brando: 1, James Caan: 1, Robert De Niro: 3
A combiner should be implemented to accelerate the computation.

5. (20 marks)
Suppose that a directed graph is described in a file (in the HDFS) by its edge set as follows:
each line of the file is in the format “n1 : n2” representing a link from node n1 to node n2,
where n1 and n2 are integer node IDs.
Note that the whole graph is too large to be loaded into a single machine’s memory.
It is not required to use combiners or in-mapper combining.

(a) Write a MapReduce program (in pseudo-code) to remove all duplicate links in the
graph. (5 marks)

(b) Write a MapReduce program (in pseudo-code) to compute the in-degree (i.e., the
number of incoming links) of each node in the graph. (5 marks)

(c) Write a MapReduce program (in pseudo-code) to compute the total number of re-
flexive links in the graph. A reflexive link is a link that connects a node to itself.

(5 marks)

(d) Write a MapReduce program (in pseudo-code) to find all pairs of nodes that are
reciprocally linked in the graph. A pair of nodes 〈n1, n2〉 are reciprocally linked if
there is a link from n1 to n2 and vice versa. (5 marks)
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