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1. lllustrate by a figure a typical software structure in a distributed system.

What is typical for a microkernel, as used in a distributed operating system, compared to a
traditional monolithic kernel?

(3p)

2. Define the following three possible semantics for remote procedure calls:
a. At least once semantics
b. At most once semantics
c. Exactly once semantics.

Is it possible to achievexactly once semantias the case of lost messages? But in the case
of server crashes? Explain.

(3p)

3. Static and dynamic invocation in CORBA:
How do they work? Compare.

(3p)

4. What is an Interface Definition Language? What is its function in the context of Middle-
ware?

(2p)

5. Consider the following set of events:

5 (1, 0, 0)
® ® >
1 a b C d
0,1,0
p, _0.1,0 - .
e f h |
0,0,1
F,3( _)
J k

Assign the missing vector clock values to the events.
(3p)
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lllustrate by an example that it is not possible to derive the causal ordering of events using
Lamport Logic Clocks. Show, using the same example, that with vector clocks the problem
can be solved.

(3p)

Define total and causal ordering of requests. Illustrate by an example.
How can total ordering be implemented using a central sequencer?

Consider total ordering based on distributed agreement with one front end and several repli-
cation managers, like below:

Three messages have to be exchanged by the FE with each RM. Explain. What do this mes-
sages contain?

(4p)

Consider mutual exclusion with the Ricart-Agrawala algorithm (the first algorithm, not using

a token). Imagine three processé¥;, P,, and P,. P; and P, are requesting the same
resource, and the timestamp of the requests is (8, 1) and (7, 2) respectively. lllustrate the
sequence of messages exchanged (use figures). Who gets the resource fist?

(3p)
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14.

Define &-fault tolerant system.
How many components do you need in order to achietault tolerance with byzantine
faults:

- for agreement?
- with a majority voting scheme?
(3p)

Explain the following types of redundancy:
- Time redundancy

- Hardware redundancy

- Software redundancy

- Information redundancy

(3p)

Predictability of real-time systems:
Why is it important?
What are the main problems?
(2p)

Clock synchronization. What is the problem? Why is this important for real-time systems?
Show situations (at least two) in which clock synchronization is needed.

(2p)

When drifted clocks have to be adjusted in a distributed real-time system, there are two pos-
sible situations (I, is the current time shown by the clock, angg] is the new time to
which the clock has to be changed):

1) Tnew> TCUI’I’

2) Tnew< TCUI‘I’

Comment on these two alternatives and on possible difficulties which can arise.
How can these difficulties be solved?

(3p)

Compare the CAN protocol and the TDMA protocol from the point of view of how collisions
are avoided.

(3p)



