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General Instructions:

e Write your name and student ID clearly above.

e You have 1 hour 15 minutes to write the exam. No extra time will be
given.

e The questions in the exam combine for a maximum of 100 points.

e You must write your answers clearly in the space provided for each
question. You might use the backside of each page, as well as the
additional sheet at the back if required. If you are using additional
space, you must clearly label the question no. that you are answering.
Any loose sheets must have your name and student ID written clearly.

e The exam is open book/open notes, however, no exchange of materials
is allowed. You must use your own notes/book.

e Electronic devices (laptops, notebooks, PDAs, cell phones, ipods, etc.)
are strictly prohibited.

e Read each question carefully before answering.

e Good luck with the exam!



1. (36 pts) Answer the following questions briefly:

(a) Linux uses a separate run queue, with its own set of processes,
for each CPU in a multiprocessor system. Give two benefits of
this design choice.

(b) Describe two ways in which RPC can handle the passing of ref-
erences (e.g.: pointers)?

(¢) Why is a pure push-based or pull-based epidemic protocol not
very effective in spreading updates quickly and completely?



(d)

()

Give two reasons why it is easier to migrate compiled Java pro-
grams across heterogeneous machines compared to compiled C
programs.

An IP address can be considered as an address or an identifier
depending on the context. Give another example of a name which
can be considered either in different contexts, also briefly describ-
ing the contexts.

Events can be totally ordered using their (Lamport-timestamp,
process-id) pairs. Show how we can achieve total ordering us-
ing Vector timestamps such that causally related events are still
ordered correctly.



2. Consider a DHT-based overlay network, where the keys are generated
from a 6-bit key space. Further assume that an object with key k is
placed on successor(k), where successor(k) is the node in the network
with the minimum key > k (modulo 2°). Assume that the network
initially has nodes with the following keys: 2, 3, 5, 8, 13, 21, 34, 55.
Based on this information, answer the following questions.

(a) (24 pts) Draw a logical view of the overlay network, showing the
finger table for each node.



(b) (4 pts) Which nodes hold objects with keys 0, 4, 16, and 327

(c) (4 pts) If you injected a query for key 7 at node 21, which nodes
will the query be routed through?

(d) (2 pts) If you generated a query at node 2 for an object with a
random key, what is the maximum number of hops required to
find that object?



3. Consider a client C that needs to synchronize its time to UTC. To do
that, it uses an intermediate time server B, which in turn synchronizes
itself with another time server A having the UTC time. Suppose that
the machines use the following synchronization protocol: C sends a
message to B, which then sends a message to A and waits for a re-
sponse. When B receives a response from A, it immediately corrects
its clock by the computed offset, and then sends a response back to
C. As part of the protocol, both B and C use Cristian’s algorithm
for their clock synchronization, and the messages carry the relevant
timestamps as specified by Cristian’s algorithm. The following figure
shows the protocol.
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Assume that initially, B is 10 minutes behind UTC, C is 10 minutes
ahead of UTC, and A is at UTC. Further assume that each message
takes 5 minutes of absolute time to propagate, and there is a 5 minute
interval between each successive receive and send of messages (i.e.,
between T2 and T3, T4 and T5, and T6 and T7).! Finally, you can
ignore the effects of clock drifts and relativity.

Answer the following questions based on the above information.

(a) (16 pts) Assuming that UTC is 12:00 when C sends its first
message to B, what are the timestamp values for T1-T8?

Yes, that’s a really slow network and set of machines!



(b) (6 pts) What are the clock offset values (6) calculated by B and
C respectively? (Show your calculations as well).

(c) (8 pts) After the whole synchronization is over, does C have the
correct time? If not, how can you modify the above protocol to
fix the problem?
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