
H7: Introduction to Concurrency
CSE 335, Spring 2009

Due by Tuesday, April 7 at 11:59 p.m.

Objectives

1. Learn about how concurrent excution can affect an application’s behavior.

2. Gain experience with the ACE toolkit.

Description

So far, we have only written sequential programs in this course. Such programs only have one thread
of control. We will now being working with multithreaded programs—that is, programs with more
than one thread of control. Each thread behaves like a separate sequential program; however, the
threads can see and access the same variables (i.e., they share a memory space).

Threads execute in abstract parallelism—abstract because they may take turns executing on a
single processor. Modern operating systems provide support for threads. In particular, they provide
a scheduler, which determines when each thread gets to take a turn executing. In general, thread
scheduling is nondeterministic—that is, a thread’s turn on the processor may begin and end at ran-
dom. An important side-effect of this nondeterminism is that two runs of the same program with
the same inputs may produce different output.

To demonstrate how multithreaded programs’ execute, we have prepared a “simple” example,
which is available in /user/cse335/S09/H7-src. For this assignment, you will examine the pro-
gram and see how nondeterminism in the execution of its two threads can affect the final results.

Tasks

1. Import the files in /user/cse335/S09/H7-src/ into a new branch in your homework repos-
itory, named H7.

2. Examine the source file concurrency example.cpp. At the top of the file, three shared vari-
ables are declared, named x, y, and z. They are declared with the volatile keyword, which
warns the compiler that their values may change unexpectedly due to concurrent access.

Below, there are functions for two different threads, both of which make changes to these
variables. Before and after each statement, the threads make a call to a local function named
force nondeterminism(). This causes the threads to randomly start and stop, introducing
an element of unpredictability into the order in which the statements are run. With threads this
short, such a function is necessary to prevent an individual thread from completing before the
other one begins. Keep in mind, however, that in most multithreaded applications, the threads
persist long enough for nondeterminism to appear on its own.

The main body of the program uses the ACE toolkit1. In particular, an ACE Thread Manager

1 See http://www.cs.wustl.edu/˜schmidt/ACE.html
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object launches the two threads and waits for them to complete. Note that the ACE Thread Manager
uses the singleton pattern (Gamma et al., 1995) (hence, the call to instance). The program
then prints the resulting values of x, y, and z.

3. Build and run the concurrent example application. Record the output from two runs where
the final values of x, y, and z differ. Save this output in a file named results.txt and
add/commit it to your repository.

4. Determine a schedule that could have produced the output for each of the executions. In
other words, find an ordering of the statements that would produce the output you observed.
Add/commit this information to results.txt.

5. Extra credit: For up to five additional homework points, determine all possible results that
could be obtained by this program. Add/commit this information to your copy of results.txt.
Make sure to clearly separate it from your answers to the rest of the homework.

When you are finished with your results, you may submit them by tagging your H7 branch to
file:///user/cse335/S09/homework-repos/USERNAME/tags/submission-H7.
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