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it ran many threads.(15) 

 

UNIT II - PARALLEL PROGRAM CHALLENGES  
Performance – Scalability – Synchronization and data sharing – Data races – Synchronization primitives 
(mutexes, locks, semaphores, barriers) – deadlocks and livelocks – communication between threads 
(condition variables, signals, message queues and pipes).  

PART-A 

Q.No Questions BT Competence 

  Level  

1 Show the two common metrics for performance. BTL 3 Apply 
    

2 Analyze about scalability. BTL 4 Analyze 

3 Examine what is data sharing? BTL 3 Apply 

4 Define critical region. BTL 1 Remember 

5 Define region of code. BTL 1 Remember 

6 Discuss about data race. BTL 2 Understand 

7 Illustrate the conditions to avoid data race. BTL 3 Apply 

8 Classify the synchronization primitives. BTL 4 Analyze 

9 Give definition for mutex lock and spin lock. BTL 2 Understand 

10 Generalize on semaphore and barrier. BTL 6 Create 

11 Tabulate the difference between deadlock and livelock. BTL 1 Remember 

12 Formulate the condition under which a deadlock situation may arise. BTL 6 Create 

13 What is thread? Assess the use of swapping. BTL 5 Evaluate 

14 List out the different ways of communication between thread. BTL 1 Remember 

15 Differentiate condition variables and signals. BTL 2 Understand 

16 What are the steps necessary to setup and write data in pipe? BTL 1 Remember 

17 Summarize message queue. BTL 2 Understand 

18 Point out the difference between message queues and pipes. BTL 4 Analyze 

19 Define signals and events. BTL 1 Remember 

20 Explain Livelock. BTL 5 Evaluate 

 PART-B   

1 i)Discuss in detail about the hardware constraints applicable to improve BTL 2 Understand 

 scalability.(6)   

 ii)Describe the various approaches in parallel programming.(7)   

2 Illustrate the following in parallel program BTL 3 Apply 

 i)Performance.(7)   

 ii) Scalability.(6)   

3 Describe  in  detail  about  the  synchronization  primitives  in  parallel BTL 1 Remember 

 program challenges.(13)   

4 i)Generalize on what is data race? What are the tools used for detecting BTL 6 Create 

 data race?(7)   

 ii)How to avoid data race? Explain in detail.(6)   

5 i) Examine the necessity of structure reflects in performance.(7) BTL 1 Remember 

 ii) Identify and explain data race detection with suitable example.(6)   

6 With suitable example describe the following. BTL 2 Understand 

 (i)Mutex (3)   (ii)Semaphore(3)   (iii)deadlock(3)   
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 (iv)livelock(2)   (v)Named pipes(2)    

7 i)Explain in detail about spinlock and reader/Writer problem.(8)  BTL 4 Analyze 

 ii)Explain in detail about barrier.(5)    

8 i)Define Deadlock and describe it with suitable example.(8)  BTL 1 Remember 

 ii)Tabulate the difference between deadlock and Livelock.(5)    

9 Describe in detail about the difference between Message queue and BTL 1 Remember 

 Named pipes.(13)    

10 i)Discuss about two threads in a  Livelock.(7)  BTL 2 Understand 

 ii)Discuss about two threads in a deadlock.(6)    

11 Explain the following in detail.  BTL 5 Evaluate 

 i)condition variables.(7)    

 ii)signals and events.(6)    

12 i)Explain in detail about producer consumer synchronization.(7)  BTL 4 Analyze 

 ii)Write a simple semaphore to sent a message.(6)    

13 Summarize the concept of communication between threads.(13)  BTL 4 Analyze 

14 Analyze the following with example  BTL 3 Apply 

 i) message queue.(7)    

 ii)Named pipes.(6)    

 PART C    

1 Analyze the Impact of Data Structures on Performance. (15) BTL 4 Analyze 

2 Explain in detail  about Data Races  and the Scaling  Limitations of BTL 5 Evaluate 

 Mutex Locks. (15)   

3 Summarize the various approaches to Sharing Data Between Threads. BTL 5 Evaluate 

  (15)   

4 Generalize about Super linear scaling and give an outline about scaling BTL 6 Create 

 of library code. (15)   

UNIT III SHARED MEMORY PROGRAMMING WITH OpenMP  
OpenMP Execution Model – Memory Model – OpenMP Directives – Work-sharing Constructs – Library 
functions – Handling Data and Functional Parallelism – Handling Loops – Performance Considerations.  

PART-A 

Q.No Questions BT Competence 

  Level  

1 Express the term initial task region. BTL 2 Understand 

2 How to compile and run OpenMP programme? BTL 2 Understand 

3 Write a “Hello world" program that uses OpenMP. BTL 1 Remember 

4 Define odd-even transposition sort. BTL 1 Remember 

5 Discuss about OpenMP directives. BTL 2 Understand 

6 Give the types of working sharing construct. BTL 2 Understand 

7 What is lock? List out the types of lock in OpenMP. BTL 1 Remember 

8 Assess the restriction in work sharing construct. BTL 5 Evaluate 

9 State the general structure of OpenMP. BTL 1 Remember 

10 Write a Generalize note on fork-join model. BTL 6 Create 

11 Classify the OpenMP Library function. BTL 4 Analyze 

12 Illustrate about scope of a variable. BTL 3 Apply 

13 Assess on what is functional parallelism and data parallelism. BTL 5 Evaluate 
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14 What are loop-carried dependencies?  BTL 1 Remember 
 

15 Show the performance consideration in OpenMP.  BTL 3 Apply 
 

16 Explain the term thread private memory.  BTL 4 Analyze 
 

17 What is the use of First private and Last private.  BTL 1 Remember 
 

18 Show What are the ICVs stored values affect loop region? BTL 3 Apply 
 

19 Analyze reduction clauses.  BTL 4 Analyze 
 

20 Generalize about Pragma.  BTL6 Create 
 

 PART-B    
 

1 i)Discuss OpenMP execution model. (6)  BTL 2 Understand 
 

 ii)Explain in detail about the memory model with an example.(7)   
 

2 i) Give the sytax for loops in OpenMp.(3)  BTL 1 Remember 
 

 ii)Describe in detail about handling loops in parallel operation.(10)   
 

3 i)Describe OpenMp directives.(7)  BTL 1 Remember 
 

 ii)List the format of OpenMP directives .(6)    
 

4 Generalize on how data and functional parallelism are handled in shared BTL 6 Create 
 

 memory programming with OpenMP. (13)    
 

5 i)Explain data parallelism with suitable example.(7) BTL 1 Remember 
 

 ii)Discuss functional parallelism with suitable example.(6)   
 

6 i)Summarize on Loop construct.(7)  BTL 2 Understand 
 

 ii) Discuss about section construct.(6)    
 

7 Explain briefly the following  BTL 4 Analyze 
 

 i)Internal Control variables (7)    
 

 ii)Array sections in directives.(6)    
 

8 i) Summarize the execution environment routine.(7) BTL 5 Evaluate 
 

 ii)Assess on runtime library routine.(6)    
 

9 Demonstrate briefly about parallel construct and canonical loop form in BTL 3 Apply 
 

 directives.(13)    
 

10 Explain the following in detail  BTL 4 Analyze 
 

 i) parallel construct.(7)    
 

 ii) single construct.(6)    
 

11 Discuss various Lock routines with example.(13)  BTL 2 Understand 
 

12 Analyze  the  ways  of  improving  the  performance  of  parallel  loops. BTL 4 Analyze 
 

 Explain in detail.(13)    
 

13 Describe  in detail about different types of schedule in OpenMP. (13) BTL 1 Remember 
 

14 Write  an  example  program  for  shared  memory  programming  with BTL 3 Apply 
 

 pthreads and demonstrate it .(13)    
 

 PART C    
 

1 Consider the loop    
 

 a [0] =0;    
 

 for (i=1;i<n;i++ ){  
BTL 4 Analyze  

 

a [ i ] = a [ i -1] + i; 
} 

There is clearly a loop-carried dependency, as the value of a[i] can't be 

computed without the value of a[i-1].Analyse the a way to eliminate 

this dependecy and parallelize the loop? 

(15) 

 

   
 

   
 

   
 

   
 

   
 

   
 

2 Write an OpenMP program that determines the default scheduling of BTL 5 Evaluate 
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 parallel for loops. Its input should be the number of iterations, and its output 

should be which iterations of a parallelized for loop are executedby which thread.  

For  example,  if  there  are  two  threads  and  four 

iterations, the output might be: 

Thread 0: Iterations 0 −− 1 

Thread 1: Iterations 2 – 3                                                                                    (15) 

  

3 Recall that OpenMP creates private variables for reduction variables, and these 

private variables are initialized to the identity value for the reduction operator. For 

example, if the operator is addition, the private variables are initialized to 0, while 

if the operation is multiplication, theprivate variables are initialized to 1. 

Summarize the identity values forthe operators &&, ||, &, | and ^?       (15) 

BTL 5 Evaluate 

4 Recall that in C, a function that takes a 2D array argument must specifythe 

number of columns in the argument list, so it is quite common for Cprogrammers 

to only use one-dimensional arrays, and to create explicit code for converting pairs 

of subscripts into a single dimension. Modify the OpenMP matrix-vector 

multiplication so that it uses a onedimensional array for the matrix.                (15) 

BTL 6 Create 

        
 

UNIT IV DISTRIBUTED MEMORY PROGRAMMING WITH MPI 

MPI program execution – MPI constructs – libraries – MPI send and receive – Point-to-point and 
Collective communication – MPI derived datatypes – Performance evaluation 

 PART-A   

Q.No Questions BT Competence 

  Level  

1 How  to compile MPI program? BTL 2 Understand 

2 Illustrate the syntax for communication send. BTL 3 Apply 

3 What is the extension to distributed memory? BTL 1 Remember 

4 Analyze the MPI_Send and MPI_Recv. BTL 4 Analyze 

5 Define broad cast in MPI. Give Syntax for broadcast function. BTL 1 Remember 

6 Discuss the commands for MPI. BTL 1 Remember 

7 What are the features of distributed memory? BTL 2 Understand 
    

8 Define Broadcast and butterfly MPI. BTL 1 Remember 

9 Differentiate Collective and point-point communications. BTL 2 Understand 

10 Show the syntax of MPI Init and MPI_Finalize. BTL 3 Apply 

11 Compare the local and global variables in MPI. BTL 5 Evaluate 

12 What is wrapper script? BTL 1 Remember 

13 Write  the  performance  evaluation  methods  in  distributed  memory BTL 6 Create 

 programming.   

14 Discriminate strongly scalable and weakly scalable. BTL 5 Evaluate 

15 What are  the  possibilities  for  choosing  a  destination  when  sending BTL 1 Remember 

 request for work with MPI?   

16 Express the predefined reduction operators in MPI. BTL 2 Understand 

17 Formulate the syntax for MPI_Type Create_Struct. BTL 6 Create 

18 Categorize the features of blocking and non-blocking in point-to-point BTL 4 Analyze 

 communication.    
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19 Compare gather and scatter with MPI.  BTL 4 Analyze 
 

20 Demonstrate the use of MPI_Barrier.  BTL 3 Apply 
 

  PART-B    
 

1 i)What is MPI? Write a program “hello world” that makessome use of BTL 1 Remember 
 

 MPI. (7)     
 

 ii)How to compile and execute MPI program?(6)    
 

2 i)Give the structure of MPI program.(7)  BTL 2 Understand 
 

 ii)Explain Loop handling in detail.(6)    
 

3 Discuss on MPI_Init, MPI_Finalize, MPI_Comm_size,  BTL 2 Understand 
 

 MPI_Comm_rank, MPI_Reduce and MPI_Allreduce.(13)    
 

4 Describe in detail about MPI_Construct with suitable examples.(13) BTL 1 Remember 
 

5 Illustrate in detail about MPI Libraries.(13)  BTL 3 Apply 
 

6 i) Formulate the structure of MPI_Send .(6)  BTL 6 Create 
 

 ii)Describe in detail about MPI_Send with example.(7)    
 

7 i) Analyze the syntax of MPI_send with MPI_receive.(7)  BTL 4 Analyze 
 

 ii) Explain in detail  about MPI_receive with example program.(6)    
 

8 i)Explain in detail about the functions used for Communication.(7) BTL 5 Evaluate 
 

 ii)Explain virtual memory in detail.(6)    
 

9 Analyze the point to point communication types with examples.(13) BTL 4 Analyze 
 

10 Describe in  detail  about  collective  communication  with  suitable BTL 1 Remember 
 

 example programs.(13)    
 

11 i) Explain the tree structured communication.(7)  BTL 4 Analyze 
 

 ii)What are the difference between point to point and collective    
 

 communication.(6)    
 

12 i)Describe the performance evaluation of MPI programs.(6)  BTL 1 Remember 
 

 ii) Discuss the performance issues of multicore processor.(7)    
 

13 i)List the basic datatypes of MPI. (3)  BTL 3 Apply 
 

 ii)Illustrate in detail about MPI derived datatypes.(10)    
 

14 Discuss  the  performance  of  MPI  program  with  open  MP  and BTL 2 Understand 
 

 Pthreads.(13)    
 

  PART C    
 

1 Modify and explain the trapezoidal rule so that it will correctly estimate BTL 4 Analyze 
 

 the integral even if comm_sz doesn't evenly divide n. (You can assume   
 

 that n>= comm_sz ) (15)   
 

2 Suppose comm_sz= 8 and n= 16 .    
 

 a. Draw a diagram that shows how MPI_Scatter can be implemented   
 

 using tree-structured communication with comm_sz processes when   
 

 process 0 needs to distribute an array containing n elements and explain  
Evaluate 

 

 it.   
BTL 5  

    
 

 

b. Draw a diagram that shows how MPI_Scatter can be implemented 
 

 

   
 

 using tree-structured communication when an n -element array that has   
 

 been distributed amongcomm_szprocesses needs to be gathered onto process   
 

 0.  (15)   
 

    
 

3 What do the various MPI collective functions do if the communicator   
 

 contains a single process? (15) BTL 5 Evaluate 
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4 Suppose comm_sz= 8 and the vector x= (0, 1, 2, ..., 15) has BTL 6 Create 

 been distributed among the processes using a block distribution.    

 Develop  a diagram illustrating the steps in a butterfly implementation of   

 Allgather of x. (15)   

UNIT V PARALLEL PROGRAM DEVELOPMENT  
Case studies - n-Body solvers – Tree Search – OpenMP and MPI implementations and comparison.  

PART-A 

Q.No Questions BT Competence 

  Level  

1 Write the serial pseudo code for N-Body solvers problem. BTL 6 create 

2 How to parallelize N-body solvers? BTL 2 Understand 

3 List any two data scoping clauses in OpenMP. BTL 1 Remember 

4 Compare  Parallelizing  the  two  n-body  solvers  using  pthread  and BTL 4 Analyze 

 OpenMP.   

5 What is the equation of acceleration? BTL 1 Remember 

6 What are the two phases for computation of forces? BTL 1 Remember 

7 What are the particles required to know the n body solver? BTL 1 Remember 

8 Summarize, how the performance of the reduced solver is much more BTL 5 Evaluate 

 superior to the performance of the basic solver?   

9 Give the reduced algorithm for computing n-body solver. BTL 2 Understand 

10 Analyze How can we use OpenMP to map tasks/particles to cores in the BTL 4 Analyze 

 basic version of our n-body solver?   

11 Write a pseudocode for a recursive solution to TSP using depth first BTL 6 Create 

 search.   

12 Define NP complete problem. BTL 1 Remember 

13 Summarize the functions used to implement the termination BTL 3 apply 

 detection algorithm.   

14 List the data structures used for the serial implementations. BTL 1 Remember 

15 Point out threads loop_schedule functionality in parallel processing. BTL 4 Analyze 

16 Show how the Get_ input_ data function implemented, in Parallelizing BTL 3 Apply 

 the basic solver using MPI.   

17 Illustrate, how to parallelize the tree search program using openMp? BTL 3 Apply 

18 Assess the Pthreads implementation of a statically parallelized BTL 5 Evaluate 

 solution to TSP.   

19 How to compute n-body forces? BTL 2 Understand 

20 Differentiate MPI_Pack and MPI_Unpack. BTL 2 Understand 

 PART-B   

1 i) What does the n- body problem do? (6) BTL 1 Remember 

 ii) Give the pseudo code for serial n-body solver and for computing n-   

 body forces. (7)   

2 i)How to parallelize the basic solver using MPI?(7) BTL 1 Remember 

 ii)Explain non-recursive depth first search.(6)   

3 Discuss in detail Parallelizing the basic solver using OpenMP.(13) BTL 2 Understand 

4 i)How will you parallelize the reduced solver using OpenMP?(6) BTL 2 Understand 

 ii)Explain in detail with example program.(7)   
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5 Compare parallelizing the reduce solver using Open MP  and MPI.(13) BTL 4 Analyze 
 

6 Demonstrate the following in detail  BTL 3 Apply 
 

 i) Recursive depth-first search.(7)    
 

 ii)Non recursive depth-first search.(6)    
 

7 i)Discuss about static parallelization of tree search.(7)  BTL 1 Remember 
 

 

ii)Describe in detail   about static parallelization of tree 
search using pthreads.(6)    

 

8 Illustrate the dynamic parallelization of tree search using pthreads .(13) BTL 3 Apply 
 

9 Evaluate Parallelizing the tree-search programs using OpenMP.(13) BTL 5 Evaluate 
 

10 Formulate the Implementation of tree search using MPI and dynamic BTL 6 Create 
 

 partitioning.(13)    
 

11 Analyze the following in detail  BTL 4 Analyze 
 

 i)Implementation of tree search using MPI.(7)    
 

 ii)Implementation of tree search using static Partitioning.(6)    
 

12 i)Analyze the Performance of the MPI solvers.(7)  BTL 4 Analyze 
 

 ii)Discuss the Performance of MPI and Pthreads Implementations of   
 

 Tree Search.(6)    
 

13 Describe  in detail about performance of the OpenMP implementations BTL 1 Remember 
 

 in Tree Search.(13)    
 

14 i)Discuss in detail about Travelling salesman problem. (5)  BTL 2 Understand 
 

 ii)Explain about tree search with pseudo-code for a recursive solution to   
 

 TSP using depth-first search.(8)    
 

 PART C    
 

1 In each iteration of the serial n-body solver, we first compute the total BTL 4 Analyze 
 

 force on each particle, and then we compute the position and velocity of   
 

 each particle. Would it be possible to reorganize the calculations so that   
 

 in each iteration we did all of the calculations for each particle before   
 

 proceeding to the next particle? That is, could we use the following   
 

 pseudocode?    
 

 for each timestep    
 

 for each particle {    
 

 Compute total force on particle;    
 

 Find position and velocity of particle;    
 

 Print position and velocity of particle;    
 

 }    
 

 If so, what other modifications would we need to make to the solver? If   
 

 not, why not?explain. (15)   
 

2 Run the basic serial n-body solver for 1000 timesteps with a stepsize of   
 

 0.05,  no  output,  and  internally  generated  initial  conditions.  Let  the   
 

 number of particles range from 500 to 2000. Explain how does the run- 
BTL 5 

Evaluate 
 

 
time change as the number of particles increases? Can you extrapolate 

 
 

   
 

 and predict how many particles the solver could handle if it ran for 24   
 

 hours?                                                                                                        (15)   
 

3 Write an MPI program that compares the performance of MPI Allgather  Evaluate 
 

 using MPI IN PLACE with the performance of MPI Allgather when BTL 5  
 

 each process uses separate send and receive buffers. Assess which call   
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 to MPI Allgather is faster when run with a single process? What if you   

 use multiple processes? (15)   

4 Modify the Pthreads implementation of static tree search so that it uses BTL 6 Create 

 a readwrite lock to protect the examination of the best tour. Read-lock   

 the best tour when calling Best tour, and write-lock it when calling   

 Update best tour. Run the modified program with several input sets and   

 formulate how does the change affect the overall run-time? (15)    
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