
1.  There are four major categories of performance loss that prevents linear speedup (i.e., P processors speeding up

a computation by a factor of P):

� Overhead - additional costs in the parallel solution not in the sequential computation

� Non-parallelizable computation

� Idle processors

� Contention for resources

Identify the follow special cases as one of the above.

a)  theads doing extra computation to determine which part of the parallel computation they need to perform

b)  parallel computation is unevenly distributed to processors so some processors finish before others and are idle

c)  a thread is blocked while repeatedly checks for the availability of a lock on a shared variable

d)  thread/process setup and teardown time

e)  Communication costs over some interconnection network

f)  Sequential computation performed redundantly across all processors

2.  Consideration for avoiding parallel performance loss:

� dependence - the ordering relationship between two computations which describe limits to parallelism

� granularity - frequency of interaction among the threads/processes (fine vs. course)

� locality - temporal locality (memory references are clustered in time) and spatial locality (memory references

are clustered by address

A data dependence is an ordering on a pair of memory operations that must be perserved to maintain correctness.

Three types of data dependences:

� flow (true) dependence:  read-after-write (RAW)

� anti-dependence: write-after-read (WAR)

� output dependence:  write-after-write (WAW)

a)  Identify the dependences in the following code segment:

1 sum = a + 1;

2 first_term = sum * scale1;

3 sum = b + 1;

4 second_term = sum * scale2; 

b)  How can we rename (use extra variables) to remove anti- and output dependences?
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3.  Course grain granularity refers to threads/processes that only infrequently depend on data or events in other

threads/processes.  Fine grain granularity refers to threads/processes that interact frequently with other

threads/processes.  

a)  How does granularity impact communication or synchronization overheads?

b)  Which type of parallel computer systems can best support fine-grain parallelism?

4.  Do algorithms that operate on blocks of data exploit temporal or spatial locality of reference?

5.  Why does locality in a parallel program minimizes dependences among threads/processes and thereby reducing

overhead and contention?

6.  Performance of sequential computations relative straightforward:

� instruction count (big-oh notation)

� tweak code if memory is a bottleneck to improve cache performance

� 90/10 rule - 90 % of the time spent in 10 % of the code, so optimize that 10 % to improve performance

Performance of parallel computations are complicated by:

� Amdahl’s law - parallelization speedup is limited by the percentage of non-parallelizable computation

� communication time, idle time, wait time, dependences

Harder to control costs and determine bottlenecks as these might vary from machine to machine.  Attempts to

lower one cost can increase others, so there are a some general trade-offs to consider.

a) Communication vs. Computation

� Overlapping communication with computation to partially hide the communication latency.  

Pros?

Cons?
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� Perform redundant computation by all processors instead of generating the value in one processor and waiting

for it to communicate the value to all processors

Pros?

Cons?

b) Memory vs. Parallelism

� Privatization - Increase parallelism by using extra memory to break false data dependences (e.g., using

private_count variable in each thread in Count 3s example)

Pros?

Cons?

� Padding - allocate extra memory to force variable to be in their own cache line to avoid false sharing

Pros?

Cons?

c) Overhead vs. Parallelism - overheads of parallelism prevents the number of processor from profitably

increasing without bound

� Parallelize overhead - in Count 3s problem global accumulate of private_counts is a bottleneck

(synchronization overhead) if the number of threads is high (i.e., high parallelism).  What could we do to

parallelize this overhead?

� Load balance vs. overhead - It is easlier to distribute evenly a large number of fine-grained units of work than a

small number of course-grained units of work especially if the amount of work is irregular or dynamically

variable.  It is hard to determine how much work to assign a processor, so by over-decomposing the problem,

there’s a greater likelihood that all processors can be kept busy. 

Cons to over-decomposing a problem?
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First Steps Toward Parallel Programming - need to do some design before programming

Broad classes of parallel computations:

� data parallel - parallel computation is applied by performing the same operation to different items of data at the

same time.  What happens to the amount of parallelism as the data size grows?

� task parallel - parallelism is applied by perform distinct computations or tasks at the same time.  If the number

of tasks is fixed, how scalable is the parallelism?

Which of these did the Count 3s problem exhibit?

Think about the preparing for a banquet.

� data parallel view:  P chefs need to create N meals with each chef preparing N/P meals.  As N increase we can

increase P.

� task parallel view:  Split meal preparations into tasks for preparing:  appetizer, salad, main course, and dessert.

Have four chefs each do a task.  Might employ additional chefs to pipeline some tasks, e.g., salad preparation

split into three stages:  wash, dice, assemble 

� hybrid view:  combine both data and task parallelism.   Split banquet preparation into tasks, but apply data

parallelism on each task

How would you parallelizing the building of a house?
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