CSE 160 – Spring 2000                                             NAME: _______________________

Berman/Papadopoulos

Exam #1 – 9 May 2000

Closed Book. Closed Notes. Show all Work.

100 points (+ 10 optional bonus)

Explain all answers.  Partial credit will be given for partially correct answers.  If you continue your answers on the back of the page, please indicate that you have done so.

1. (5 points) Describe the difference between a blocking and non-blocking send. Which is offered by pvm_send()?
A blocking send returns to the caller only when the application’s send data can be safely overwritten by the application (message is on it’s way to recipient) and the recipient acknowledges the send.

A non-blocking send simply starts the message sending process, the application must use a second call to determine if the send has completed.

pvm_send() is a blocking send.

2. (15 points) Describe three programming paradigms. For each programming paradigm describe a problem that would be well suited for that paradigm and explain why. 

We accepted a fair number of answers on this.  These included:

Monte Carlo Simulation:  Monte Carlo simulations consist of multiple identical calculations, each of which utilizes a randomized parameter
.  Many people sited the Monte Carlo approximation of pi as an example.

Embarrassingly Parallel computations:  Embarassingly Parallel computations are collections of tasks which can be executed independently and concurrently and do not communicate with one another.  An example is Mandelbrot with a fixed data distribution.

Master/Slave and Workqueue computations:  These computations consist of processors executing part of the application (received from a master or the front of a queue respectively) and then returning to acquire more of the computation to execute when they are done (and before the application has terminated).  We discussed a workqueue and a M/S version of Mandelbrot in class.

Synchronous computations:  These are computations that progress in stages synchronously.  We discussed bitonic sort as an example of these kinds of computations in class.

Pipelined computations: These computations typically consist of one or more data streams which flow “systolically” through a set of processors who perform computations on different parts of the stream concurrently.  We discussed a pipelined version of the Sieve of Erastosthenes and a systolic matrix multiplication in class.

Regular Stencil computations:  These are computations which progress by iterating a local computation over a grid of data points.  Both the communication and application structure is regular.  We discussed Jacobi2D as an example of this.  

3. (15 points) Explain your answers in the following:

a. What is an SPMD program? 

b. What category of architecture in Flynn’s taxonomy would best support an SPMD program with instruction-level synchronization. 

c. What category of architecture in Flynn’s taxonomy would best support an SPMD program with relatively few synchronizations?

a) SPMD stands for Single Program Multiple Data. An SPMD program is a parallel program in which every node runs the identical code or program but on distinct data streams.

b) Instruction-level synchronization is provided by a SIMD architecture, hence an SPMD program which runs  in instruction lock-step would be a good match for this architecture.

c) A MIMD machine would best support SPMD with relatively few synchronizations, because greater concurrency can be achieved.  Since each identical program may go at its own pace between synchronizations, forcing all instructions to go in lockstep on a SIMD machine may introduce excessive idle time.

4.  (10 points) What  is barrier synchronization? Outline a strategy for implementing barrier synchronization for N processes on a shared-memory machine.

Barrier synchronization is a logical point in a code where all tasks must stop and wait until every task (process) has reached this point in the code.

For a barrier to work, the number of tasks that must call barrier must be known in advance by all processes.  Define a shared memory lock called barrier_lock. Define a shared counter called barrier_counter that has been initialized to 0.

Each task performs the following


/* record that this task has reached barrier */


Acquire barrier_lock;


Increment barrier_counter by 1;


Release barrier_lock;


/* wait until all tasks have reached barrier */


While (barrier_counter != total count)



Wait;

5. (15 points) Nodes A and B are in a hypercube mesh. Suppose the address of A = 347 (0x15B) and  B = 471 (0x1D7) 

a. What is the network distance between A and B?

b. Show a route from A from A to B using the e-cube routing algorithm.

c. How many minimum-distance routes (route length ==distance between A,B) are there between A and B?

d. (Optional Bonus – 5 points) In general, given any two nodes (X and Y) in a hypercube, how many minimum-distance routes are there from X to Y?

a) exclusive or of A and B = A ( B =  0x15B ( 0x1D7 = 0x8C = 010001100. The number of 1’s is the network distance = 3

b) Using left to right e-cube 

a. 101011011 -> 111011011 = 0x1DB

b. 111011011 -> 111010011 = 0x1D3

c. 111010011 -> 111010111 = 0x1D7

c) The e-cube routing algorithm states that we need to only change 3 bits to get from source to destination, on the first hop we may choose any of these bits, on the second hop any of the remaining two and on the third hop, the last remaining bit must be changed.  Hence, counting these choices we get 3 choices * 2 choices * 1 choice = 6 different routes.

d) Let d = distance from X to Y in a hypercube. d indicates the number of bits that must be changed to get from address X to address Y. By counting choices similar to above, we get the number of routes is d!
6. (15 points)

a. Describe what the call pvm_catchout() does?

b. Suppose you start two PVM tasks that get task Ids (tids) of 0x40001 and 0x40002. Will none, one, or both of  these programs run to completion (assume no errors up to the program fragment and no syntax errors)? Justify your answers about completion.

	Tid  0x40001

.

.

.
pvm_initsend(PvmDataDefault);

pvm_pkstr(“hello 0x40002”);

pvm_send(0x40002, 100);

pvm_exit();

exit();
	tid 0x40002

.

.

.

char localstr[80];

pvm_recv(0x40001, 200);

pvm_upkstr(localstr);

printf(“%s”\n”)

pvm_exit();

exit();


a) Pvm_catchout() gathers standard output of all spawned programs and collects them for display (or writing to a file) in the process that spawned the tasks

b) Tid 0x40001 will complete. Pvm_send will buffer and send the data to the recipient, regardless of the chosen tag. Since 0x40002 is actively receiving a message, it will buffer the incoming message of tag 100.

Tid 0x40002 will not complete because it is expecting a message of tag 200, but only tag 100 has been sent to by tid 0x40001.

7. (10 points) Given a program with a serial fraction of 2.5%, what is the expected speedup on 15 processors, according to Amdahl’s law? What is the maximum speedup?

Amdahl’s law: speedup =  n/(1 + (n-1)f), take n = 15, and f = 0.025. Then

S = (15)/(1 +(14)*0.025) = 15/1.35 = 11.11

Maximum speedup = limit as n -> ( = 1/f = 1/0.025 = 40.

8. (15 Points) A PC cluster with 256 nodes of Intel Pentium III processors contains nodes with single processors that operate at 800 MHz. The pentium III can complete one floating point operation (FLOP) per cycle.  Each node contains a Myrinet  network card  (Myrinet is wormhole-routed) that is capable of transferring 125MB/sec. (MB = 1e6 bytes) 

a. Classify this machine using Flynn’s taxonomy.

b. What is this machine’s granularity?

c. If a message has a flit length of 2 bytes, what is the latency of 1000 byte message through 8 network hops?

a) This is a MIMD machine, because nodes have independent clocks and can run independent code

b) Granularity is  FLOPS/MB/S = 800 Mflops/125MB = 6.4 Floats/Byte

c) Latency = (flit length/BW) * hops + (message length/BW) =

(2/125e6)*8 + (1000/125e6) = (16/125 + 1000/125)*1e-6 = 8.128e-6 seconds or 8.128 microseconds

9.  (OPTIONAL BONUS - 5 points) Suppose you spawn a PVM SPMD-style program of size N always on the same set of N hosts and in the same order.  After calling pvm_mytid(), every task calls pvm_joingroup(“foo”); Each tasks prints out its instance number  and hostname. The program then calls pvm_barrier(“foo”, N). Will each host print out exactly the same information (eg. “cs.ucsd.edu 5”) each time this parallel program is run? Why or why not?

No they do not always print out the exact same answer, even though they are spawned always in the same order on the same machines. Each host’s instance number might change from run to run. This is because the mapping from pvm task id to group instance is managed by a single server. Due to scheduling on individual nodes, the order that the nodes contact the group server is not guaranteed from run to run.  The program will always run to completion, but give slightly different results.

