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-correspondi ig CO and PO are written within parentheses'

Explain why.
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#include <stdio . h>

#include <C)mp . h>

int main ( )

nrirItf ( "Hello, World : " ) ;

#pragma omE, parallel
printf ( H %d'' I c>mp_get_thread_num ( ) ) ;

printf ( " \n" ) ;

return 0 ;

}
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3 \ long fib ( int n) { return (n <
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{

2 1 f lb (n 1) + f lb (n 2 ) ) ; }

int n = 45 ;

# pragma omE> parallel

int t = omp_get_thread_num ( ) ;
prInt ( n %d : % Id\n11, t , iib (n+t ) ) ;

}

return 0;

mi,mkFir Question 1. a)

reachable with an unlimited number of processors'
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either (a) 10 MB of data 20,000 times or (b) 1 MB of data twice during the execution. What
are the best configurations and approximate runtimes in cases (a) and (b)?

2. a) Consider the time-event diagram given in Figure 1. The dots in the diagram represent dis-
tinct events and the arrows represent message transmissions. A subset of the events is la-
beled from a to f .

i. Timestamp each event based on the Vector Clock algorithm.
ii. For each of the following pairs of events, determine if the happened before relations is

ensured.
a, b•

b d•
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Figure 1: Time-event diagram for Question 2. a)

b) Discuss the challenges faced when clock synchronization algorithms developed for tradi-
tional distributed systems are used in wireless networks. Propose a suitable solution for
wireless systems that can overcome these challenges.
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3. a) Discuss how Wi-Fi-based location services are established to track the position of the nodes
in the system.
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b) Compare among the centralized, distributed, token-based, and decentralized mutual exclu-
sion algorithms in terms of the number of messages needed to be propagated for a single
process to get exclusive access to a shared resource.

c) Consider the network in Figure 2. The Nodes 51, ..., S5 are subscribed to some data items.

These data items are published by the nodes P1 and P2. Propose a suitable policy that will
allow proper coordination in the system. What kind of communication method should be
selected for the policy? Justify your answer.
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Figure 2: The subscriber-publisher system for Question 3. c)
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a) Differentiate between the Global Positioning System and Logical Positioning SYstem' For
both systems, give an example scenario where they can be applied.

4.

b) Explain how conflict is avoided when multiple nodes simultaneousIY trY to elect a leader in
a ring topology. Provide a suitable example to justify your answer.

Figure 3 depicts a wireless network where the letters denote the IDs of the node and the
numbers denote their capacity The node F initiates an election to select a leader for the

network. Show the steps the network will go through during the election process.
Assume that whenever a node receives messages from multiple nodes simultaneousIY) it will
always selects the node based on the alphabetical order of the their IDs. For example, if a
node receives messages from B, F, and G, it will accept the message from B while discarding

the other messages.
Similarly, if multiple nodes have equal capacity, then the node whose ID comes flrst in the

alphabet will be considered for the role of leader.

C)

Figpre 3: The wireless network for Question 4. c)

a) What are the goals of using wrappers and interceptors in middleware? Explain how theY
achieve these goals

5.

b) Compare between two different approaches to request dispatching in local area clusters.

c) What is an object server? How does it vary from traditional sewers?

d) Briefly discuss the three prevailing types of parallelism in modern SYstems.

a) Give an explanation why Tp,, S T „q g P Tp,,! where Fp,, and T „q are the parallel and
sequential execution times of a program, respectiveIY) and P is the number of processing

units used during the parallel execution.

6.
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b) is the following statement true or false? Justify your answer with proper explanation: 5
(COI)
(POI)
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Ifspeedup S < p then effIciency E > I

c) if processing units are identical, then in order to minimize parallel execution time, should
the work (or computational load) of a parallel program be partitioned into equal parts and
distributed among the processing units? Justify your answer.

d) Determine the bisection bandwidths of ID-mesh (chain of computers with bi-directional
connections), 2D-mesh, 3D-mesh, and the hypercube.
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