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Question.1 Using Bernstein’s conditions, detect maximum parallelism between the instructions of the following code:



     


  
P1: X = Y * Z
P2: P = Q + X
P3: R = T + X
P4: X = S + P
P5: V = Q / Z
Ans : Detection of parallelism by using Bernstein condition: 
This condition based on the following tow sets of variable:

i. The Read set or input set R1that consists of memory locations read by the statement of Instruction I1,

ii. The Write set or output set W1that consists of memory locations written into by instruction I1,

The set R1 & W1 are not disjoint as the same locations are used for reading and writing by S1.

Statement is parallel or not:-

i. Location in R1 from which S1 reads and the locations W2 onto which S2 writes must be mutually exclusive, that means S1 does not read from any memory location onto which S2 writes. It can be denoted as:- R1 ∩W2 = empty

ii. Similarly, location on R2 from which S2 read and the locations W1 onto which S1 writes must be mutually exclusive. That means S2 does not read from any memory location onto which S1 writes. It can be denoted as: R2∩ W1=empty.

iii. The memory locations W1 and W2 onto which S1 and S2 write should not be read by S1 and S2 that means R1 and R2 should be independent of W1 and W2. It can be denoted as: R2 ∩ W1 =empty.

iv. The memory location W1 and W2 onto which S1 and S2 write should not be read by S1 and S2 that means R1 and R2 should be independent of W1 and W2. It can be denoted as: W1 ∩ W2 =empty.

P1:
X=Y*Z

P2:
P=Q+X

P3:
R=T+X

P4:
X=S+P

P5:
V=Q/Z

Read set and Write set of P1, P2, P3,, P4, P5


R1= {Y, Z}

W1= {X}

R2= {Q, X}

W2= {P}


R3= {T, X}

W3= {R}


R4= {S, P}

W4= {X}


R5= {Q, Z}

W5= {V}

Let’s find whether P and P are parallel or not:-

R1 [image: image2.png]


W2=[image: image4.png]


, R2 [image: image6.png]


W1=[image: image8.png]


, W1[image: image10.png]


W2=[image: image12.png]



Here P1 and P2 are not independent of each other. So P1 is not parallel to P2

Now see P1 and P3 are parallel or not:

R1 [image: image14.png]


W3=empty, W1 [image: image16.png]


R3 is not empty.

So P1 not parallel to P3

P1 and P4 parallel or not:

R1 [image: image18.png]


W4=empty, R4 [image: image20.png]


W1=empty,   W1 [image: image22.png]


W4=empty

So P1 and P4 are not parallel

P1 and P5 parallel or not:

R1 [image: image24.png]


W5=empty, R5 [image: image26.png]


W1=empty, W1 [image: image28.png]


W4 is not empty

So P1 and P5 are independent of each other. So P1 and P5 are parallel

Now P2 and P3 are parallel or not:

R2 [image: image30.png]


W3=empty, R3 [image: image32.png]


W2= empty, W2 [image: image34.png]


W3=empty

So P2 and P3 are parallel

P2 and P4 are parallel or not:

R2 [image: image36.png]


W4 is not empty, R5 [image: image38.png]


W5=empty W2 [image: image40.png]


W5=empty

So P2 is parallel to P5

P3 and P4:

R3 [image: image42.png]


W 4 is not empty, So P3 not parallel to P4

P3 and P5: 

R3 [image: image44.png]


W5=empty, R5 [image: image46.png]


W3=empty, W3 [image: image48.png]


W5=empty. So P3 is parallel to P5

P4 and P5: 

R4 [image: image50.png]


W5=empty, R5 [image: image52.png]


W4=empty, W4 [image: image54.png]


W5=empty. So P4 is parallel to P5.

So result is P1, P2 and P5 are parallel.

Question.2 Discuss, along with diagram, an arithmetic pipeline for Multiplication of two 8-digit fixed numbers.




Ans : Arithmetic Pipelining for fixed numbers Multiplication of 8 digit fixed numbers
	X7
	X6
	X5
	X4
	X3
	X2
	X1
	X0
	=
	X

	Y7
	Y6
	Y5
	Y4
	Y3
	Y2
	Y1
	Y0
	=
	Y

	X7Y0
	X6Y0
	X5Y0
	X4Y0
	X3Y0
	X2Y0
	X1Y0
	X0Y0
	=
	P1

	X7Y1
	X6Y1
	X5Y1
	X4Y1
	X3Y1
	X2Y1
	X1Y1
	X0Y1
	=
	P2

	X7Y2
	X6Y2
	X5Y2
	X4Y2
	X3Y2
	X2Y2
	X1Y2
	X0Y2
	=
	P3

	X7Y3
	X6Y3
	X5Y3
	X4Y3
	X3Y3
	X2Y3
	X1Y3
	X0Y3
	=
	P4

	X7Y4
	X6Y4
	X5Y4
	X4Y4
	X3Y4
	X2Y4
	X1Y4
	X0Y4
	=
	P5

	X7Y5
	X6Y5
	X5Y5
	X4Y5
	X3Y5
	X2Y5
	X1Y5
	X0Y5
	=
	P6

	X7Y6
	X6Y6
	X5Y6
	X4Y6
	X3Y6
	X2Y6
	X1Y6
	X0Y6
	=
	P7

	X7Y7
	X6Y7
	X5Y7
	X4Y7
	X3Y7
	X2Y7
	X1Y7
	X0Y7
	=
	P8


Following stages for pipelining:

1. The first stage generates the partial product of number, which form the six rows of shifted multiplicands.

2. In second step, the eight are given to the two carry save address merging six numbers.

3. Third step: a single CSA merging the number into 5 numbers.

4. Similarly in next step 5 numbers into 4 number and 4 number into 3.

5. In last step, two numbers are added through a carry propagation adder (CPA) to get the final result. X & Y are two 8 digit fixed number so arithmetic pipeline for  multiplication of two 8 digit fixed number is given below:


[image: image55]
Question.3 Discuss important environment features for parallel programming.

Ans : The parallel programming environment consists of an editor, a debugger, performance, evaluator and program visualize for enhancing the output of parallel computation. All programming environment have these tools in one form or the other. Based on the feature of the available tool sets the programming environment are classified as basic, limited and well developed.
a. Basic environment provides simple facilities for program tracing and debugging.

b. The limited integration facilities provide some additional tools for parallel debugger and performance evaluation.

c. Well developed environment provide most advanced tools of debugging programs, for textual graphics interaction and for parallel graphics handling. 

There are certain parallel overhead associated with parallel computing. The parallel overhead is the amount of time required to co-ordinate parallel tasks as opposed to doing useful work. These include the following factors:-

i. Task start up time

ii. Synchronization.

iii. Data communication.

Besides this hardware overhead, these are certain software overhead imposed by parallel compiler, libraries, tools and operating systems. 

Parallel programming languages are developed for parallel computer environments. These are developed by either introducing new languages or by modifying existing language. Normally, the language extension approach is preferred by most computer design. This reduce compatibility problem. High level parallel constructs were added to FORTRAN and C to make these languages suitable for parallel computers. Beside these, optimizing compilers are designed to automatically detect the parallelism in program code and convert the code to parallel code.
    Question.4   Explain the following:
a) Concurrent and parallel executions. 

b)  granularity of a parallel system. 




      Ans : (a)Concurrent computing is a form of computing in which programs are designed as collections of interacting computational processes that may be executed in parallel. Concurrent programs can be executed sequentially on a single processor by interleaving the execution steps of each computational process, or executed in parallel by assigning each computational process to one of a set of processors that may be close or distributed across a network. The main challenges in designing concurrent programs are ensuring the correct sequencing of the interactions or communications between different computational processes, and coordinating access to resources that are shared among processes. A number of different methods can be used to implement concurrent programs, such as implementing each computational process as an operating system process, or implementing the computational processes as a set of threads within a single operating system process.
In some concurrent computing systems, communication between the concurrent components is hidden from the programmer (e.g., by using futures), while in others it must be handled explicitly. Explicit communication can be divided into two classes:

Shared memory communication  

Concurrent components communicate by altering the contents of shared memory locations (exemplified by Java and C#). This style of concurrent programming usually requires the application of some form of locking (e.g., mutexes, semaphores, or monitors) to coordinate between threads. 

Message passing communication  

Concurrent components communicate by exchanging messages (exemplified by Erlang and occam). The exchange of messages may be carried out asynchronously, or may use a rendezvous style in which the sender blocks until the message is received. Asynchronous message passing may be reliable or unreliable (sometimes referred to as "send and pray"). Message-passing concurrency tends to be far easier to reason about than shared-memory concurrency, and is typically considered a more robust form of concurrent programming. A wide variety of mathematical theories for understanding and analyzing message-passing systems are available, including the Actor model, and various process calculi. Message passing can be efficiently implemented on symmetric multiprocessors, with or without shared coherent memory. 

Shared memory and message passing concurrency have different performance characteristics; typically (although not always), the per-process memory overhead and task switching overhead is lower in a message passing system, but the overhead of message passing itself is greater than for a procedure call. These differences are often overwhelmed by other performance factors.

One of the major issues in concurrent computing is preventing concurrent processes from interfering with each other. For example, consider the following algorithm for making withdrawals from a checking account represented by the shared resource balance:

1  bool withdraw( int withdrawal )

2  {

3     if ( balance >= withdrawal )

4     {

5         balance -= withdrawal;

6         return true;

7     } 

8     return false;

9  }

Suppose balance=500, and two concurrent processes make the calls withdraw(300) and withdraw(350). If line 3 in both operations executes before line 5 both operations will find that balance > withdrawal evaluates to true, and execution will proceed to subtracting the withdrawal amount. However, since both processes perform their withdrawals, the total amount withdrawn will end up being more than the original balance. These sorts of problems with shared resources require the use of concurrency control, or non-blocking algorithms.

Because concurrent systems rely on the use of shared resources (including communication media), concurrent computing in general requires the use of some form of arbiter somewhere in the implementation to mediate access to these resources.

(b)  Concept of computational granularity and communication latency: granularity refers to the amount of computation done in parallel relative to the size of the whole program. Granularity is a qualitative measure of the ratio of computation to communication. According to granularity of system, parallel processing system is divided into two groups:
i. Five grain system

ii. Coarse grain system

In five grained system parallel parts are relatively small and that means high communication overhead. 

In coarse grain system parallel parts are relatively large, that mean more computation and less computation.

If granularity is too fine, it is possible that the overhead required for the communication and synchronization between task takes longer than the computation. On the other hand, in coarse gain parallel system, relatively large amount of computation work is done. They have high computation work to communication ration and imply more opportunity for performance increase.

Various levels:

i. Instruction level: it refers the situation when different instructions of program are executed by different processing elements. Most processes have parallel execution of micro steps of instructions with in the same pipe. The idea of executing a number of instructions of a program in parallel by scheduling them on a single processor has been a major driving force in the design of recent processor.

ii. Loop level: consecutive loop iteration is the candidates for parallel execution. However, data dependencies between subsequent iteration may restrict parallel execution at loop level.

iii. Procedure level: parallelism is available in the form of parallel executable procedure. In this case, the design of algorithm plays a major role. For example, each thread in java can be spawned to run a function or method. 

Program Level: this is usually the responsibility of operating system which runs processes concurrently. Different program are obviously, independent of each other. So parallelism can be extracted by operating system at this level.

Question.5  What are the advantages of parallel processing over sequential computations? Also explains the various levels of parallel processing. 






Ans : Parallel processing is much faster than sequential processing when it comes to doing repetitive calculations on vast amounts of data. This is because a parallel processor is capable of multithreading on a large scale, and can therefore simultaneously process several streams of data. This makes parallel processors suitable for graphics cards since the calculations required for generating the millions of pixels per second are all repetitive. GPUs can have over 200 cores to help them in this.

The CPU of a normal computer is a sequential processor - it's good in processing data one step at a time. This is needed in cases where the calculation the processor is performing depends on the result of the previous calculation and so on; in parallel processing these kinds of calculations will slow it down, which is why CPUs are generally optimised for sequential operations and have only 1-8 cores.

In summary, the one advantage of parallel processing is that it is much faster (about 200 times faster in the best cases) for simple, repetitive calculations on vast amounts of similar data.
Question.6  a)What are various criteria for classification of parallel computers?
Ans : There are three criteria for classification of parallel computers:
·  Organization of the Control and Data Flow

·  Address Space Organization

·  Use of Physical Memory
b)Define and discuss instruction and data streams. 
Ans : Data stream is a sequence of digitally encoded coherent signals (packets of data or datapackets) used to transmit or receive information that is in transmission.  In electronics and computer architecture, a data stream determines for which time which data item is scheduled to enter or leave which port of a systolic array, a Reconfigurable Data Path Array or similar pipe network, or other processing unit or block. Often the data stream is seen as the counterpart of an instruction stream, since the von Neumann machine is instruction-stream-driven, whereas its counterpart, the Anti machine is data-stream-driven.
The term "data stream" has many more meanings, such as by the definition from the context of systolic arrays.

In formal way a data stream is any ordered pair (s,Δ) where:

1. s is a sequence of tuples and 

2. Δ is a sequence of postitive 

Question.7 Differentiate between UMA, NUMA and COMA. Also explain loosely coupled systems and tightly coupled systems.


Ans : UMA Uniform Memory Access (UMA) is a shared memory architecture used in parallel computers.  All the processors in the UMA model share the physical memory uniformly. In a UMA architecture, access time to a memory location is independent of which processor makes the request or which memory chip contains the transferred data. Uniform Memory Access computer architectures are often contrasted with Non-Uniform Memory Access (NUMA) architectures.
In the UMA architecture, each processor may use a private cache. Peripherals are also shared in some fashion, The UMA model is suitable for general purpose and time sharing applications by multiple users. It can be used to speed up the execution of a single large program in time critical applications. 

Types of UMA architectures
1. UMA using bus-based SMP architectures 

2. UMA using crossbar switches 

3. UMA using multistage switching networks 

NUMA - Non-Uniform Memory Access or Non-Uniform Memory Architecture (NUMA) is a computer memory design used in multiprocessors, where the memory access time depends on the memory location relative to a processor. Under NUMA, a processor can access its own local memory faster than non-local memory, that is, memory local to another processor or memory shared between processors.  NUMA architectures logically follow in scaling from symmetric multiprocessing (SMP) architectures. Their commercial development came in work by Burroughs (later Unisys), Convex Computer (later Hewlett-Packard), Silicon Graphics, Sequent Computer Systems, Data General and Digital during the 1990s. Techniques developed by these companies later featured in a variety of Unix-like operating systems, and somewhat in Windows NT.

COMA
Shared memory multiprocessor systems may use cache memories with every processor for reducing the execution time of an instruction. Thus in NUMA model, if we use cache memories instead of local memories, then it becomes COMA model. The collection of cache memories form a global memory space. The remote cache access is also non-uniform in this model.
When multiprocessors communicate through the global shared memory modules then this organisation is called shared memory computer or tightly coupled systems. When every processor in a multiprocessor system, has its own local memory and the processors communicate via messages transmitted between their local memories then this organisation called distributed memory computer or loosely coupled system.
Question.8 What are the various rules and operators used in Handler’s classification for various machine types? What is the base for structural classification of parallel computers? 




Ans : The following rules and operators are used to show the relationship between various element of the computer :
· The ‘*’ operator is used to indicate that the units are pipelined or macro- pipelined with a stream of data running through all the units.
· The ‘+’ operator is used to indicate that the units are pipelined but work on independent streams of data.

· The ‘~’ symbol is used to indicate a range a values for any one of the parameters.

· Peripherals processors are shown before the main processor using another three pairs of integer. If the vlue of second element of any pair is 1 , it may be omitted for brevity.
Question.9 Determine the dependency relations among the following instructions: 

I1: a = b+c; 

I2: b = a+d; 

     I3: e = a/ f; 







                           
Ans : Instruction 11 and 12 are both flow dependent and antidependent both. Instruction 12 and 13 are output dependent and instructions 11 and 13 are
Independent.
Question.10 a) Explain dataflow computation model. 

    b) Enumerate applications of parallel processing 


                                         

Ans : (a) An alternative to the Von-Neumann model of computation is dataflow computation model. In a dataflow model control is tied to the flow of data. The order of instructins in the program plays no role in the execution order. Computations take place when all the data items needed for initiating execution of an instruction are available. Data is in continuous flow independent of reusable memory calls and its availability  initiates execution.
Since data may be available for several instructions at the same time, these instruction can be executed parallel.  
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                                   Z = W* ( X + Y )

Figure  :  DFG for Z = W* ( X + Y )

(b) Applications of parallel processing
· Scientific Application
· Image processing
· Engineering Application

· Database query

· Answering systems

· AI Application

· Mathematical Simulattion 

· Modeling Application

· Weather forecasting

· Predicting results of chemical and nuclear reaction

· DNA structures of various species

=============================================================================================================================================================THE END===========================
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