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1. We have introduced three fault models. Which are they? Describe each of them.
(2p)

2. How can exactly once semantics be achieved in the case of lost messages (assuming the ser-
ver never crashes)?.

(3p)

3. Publish-Subscribe systems:

a) Draw a figure in which you illustrate the three players (publishers, subscribers, and
notification service) and their interaction.

b) Explain the filtering function and illustrate by an example.
(p)

4. What are potential problems with client-server systems?
How are they solved with peer-to-peer systems?
What are key issues and problems with peer-to-peer systems?
(2p)

5. BitTorrent and Napster:
a) Explain how each of them works; illustrate by a figure indicating the successive steps
performed for access.

b) Compare the two.
(4p)

6. We have identified an important limitation of Lamport’s logical clocks (NOT the one related
to the lack of total ordering, which is not so important).

a) What is that limitation? Illustrate by an example.
b) Show, using the same example, how vector clocks solve that problem.

(p)
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7. Whatis a cut of a distributed computation? What means a consistent and a strongly consis-
tent cut? Consider the following set of events:
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Determine for each of the following cuts if it inconsistent, consistent or strongly consistent:
{c2, ¢6, cshs {c15 €4, 7} {ey, €5, €7}, {ef, ¢4, cghs {ey, €6, €7}, {e3. €6, c5), {2, €5, Cg)

(3p)
8.  Explain the following types of redundancy:
- Time redundancy
- Hardware redundancy
- Software redundancy
- Information redundancy
(p)

9. Consider mutual exclusion with the Ricart-Agrawala algorithm (the first algorithm, not using
a token). Imagine three processes: Py, P;, and P,. P; and P, are requesting the same re-
source, and the timestamp of the requests is (6, 1) and (5, 2) respectively. Illustrate the se-
quence of messages exchanged (use figures). Who gets the resource fist?

(3p)

10. The Byzantine Generals Problem: show how agreement is not or is possible for three and for
four participants respectively, in the case one of the generals (not the commander) is a traitor
(illustrate the exchange of messages with figures).

(3p)
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Du

11.

kan skriva pa svenska eller engelska!

Consider a bully election with 6 processes, Py, ..., Pg. Pg, the current coordinator, fails and
Pj starts the election. Illustrate the sequence of messages exchanged (use figures).

Gp)

12. What is the basic idea with voting protocols for updating replicated data? How do they work?
Consider a set of 12 replica managers. Define two voting protocols. One for a situation when
the number of writes is relatively large compared to that of reads, and the other for the re-
verse situation. Give examples of read and write quorums (use figures).

(3p)

13." You know the maximum drift rate of the clocks on two processors and the maximal allowed
skew between them. How do you determine the maximum interval between two successive
synchronizations between the clocks? Consider both the case when after synchronisation the
clocks are perfectly aligned and the case when after synchronisation there exists an offset ®
between the clocks.

(2p)

Master Slave 14. The figure shows the message exchange performed for

clock synchronisation in the Precision Time Protocol

T1 i eSync (PTP).
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