
Math 4370/6370, Spring 2017
Due 6 February

Homework 1 – Machines and Computation

1. Under the assumptions of Amdahl’s Law, find what fraction of a program must be paral-
lelizable to maintain a parallel efficiency of 95% for process numbers p = {10, 50, 100}.

2. Suppose that 1/kth of the processing of an algorithm must be done in serial. Again under
the assumptions of Amdahl’s Law, determine the maximum possible parallel speedup for
the algorithm.

3. Given a task that can be broken into m subtasks, each requiring one unit of time to
perform, how much time is needed to an m-stage pipeline to process n tasks, assuming no
overhead due to communication?

4. The complexity of an algorithm becomes more, not less, significant as computer speeds
increase. For example, an engineer runs one simulation each evening between 5 pm and 9
am. When she gets a faster computer, she uses this extra speed to run a larger simulation
in the same amount of time. Suppose that her current computer can solve a problem of
size n = 106 in 16 hours, and that execution time in her program is determined solely by
CPU speed (i.e. ignore I/O bandwidth, bus speed, etc.). How large a problem can she
solve in 16 hours by a computer that is 100 times faster if the program’s complexity is

(a) O(n)?

(b) O(n log(n))?

(c) O(n2)?

(d) O(n3)?

Round each of your answers down to the nearest integer.

5. A parallel program that obtains a speedup greater than p (the number of processes or
threads) is said to have superlinear speedup. This often occurs because the parallel program
overcomes “resource limitations” affecting the serial program. For example if a serial
program must store data on disk due to insufficient RAM, but the distributed-memory
parallel version can store all data in RAM due to the larger aggregate memory size. In
a few sentences, give two other examples of how a program might overcome a resource
limitation to obtain superlinear speedup.

6. Suppose the 18 students in this class are going to throw a birthday party for the professor.

(a) Identify tasks that can be assigned to the students members that will allow them to
use task-parallelism when preparing for the party. Work out a schedule that shows
when the various tasks can be performed, in case “data dependencies” exist.

(b) We might hope that one of the tasks is cleaning up the house before the party begins.
How can we use data-parallelism to partition the work of cleaning the house among
the students?

(c) Finally, combine both of the above approaches to use a combination of task- and
data-parallelism to prepare for the party, so that all students put in about the same
amount of work.



7. Assume that you need to compute the sum of 1000 numbers as rapidly as possible. Each
number is written on a single index card, and you are holding this stack of cards. Assume
further that you are in charge of 200 accountants, each with a pencil and a suitably large
set of blank index cards. These accountants are sitting at desks in a large room, where
the desks are organized into 10 rows and 20 columns. These accountants are only able to:

• Add two numbers at a time, writing the result on a blank index card – assume that
this takes only 1 second.

• Pass any number of cards to any of their four nearest accountants (front/back/left/right)
– assume that this takes 3 seconds.

As their manager, you can choose to use all of these accountants or just a subset, and you
can have accountants do different tasks; however, you must provide clear instructions to
each accountant on what they must do.

(a) In complete sentences, provide instructions for a fast method to distribute cards to
accountants. Remember, you are holding all of the cards, and you can only be in one
place at a time.

(b) In complete sentences, provide instructions for a fast method to accumulate subtotals
generated by the active accountants into a grand total.

(c) For at least 3 different numbers of active accountants, compute your best estimate of
the time needed to perform the above steps (a) and (b).

(d) For the same 3 numbers of active accountants, now estimate the total time required
to add 10000 numbers with the same 200 accountants. If you must revise either (a)
or (b) for this larger quantity of data, in complete sentences explain how those steps
change.

(e) In complete sentences, explain why 1000 accountants cannot perform the task 1000
times faster than one accountant.

(f) In complete sentences, describe a better arrangement of the desks to reduce the time
needed to distribute cards and collect subtotals. Explain why this arrangement is
more optimal than the original.


