
CS 450 Exam 2 Mon. 11/7/2016

Name:

Rules and Hints

• You may use one handwritten 8.5 × 11” cheat sheet (front and back). This is the
only additional resource you may consult during this exam. No calculators.

• Include step-by-step explanations and comments in your answers, and show as
much of your work as possible, in order to maximize your partial credit.

Grade

Your Score Max Score

Problem 1: Short answer 30

Problem 2: Concurrency warm-up 10

Problem 3: Synchronization 24

Problem 4: Deadlock 11

Problem 5: Scheduling and queues 25

Total 100



Problem 1: Short Answer (30 points)

Part A: Definitions (15 points)

Define the following terms as they relate to this course.

Critical section:

Bounded buffer (and its implications for concurrency):

Stable system (in the context of queuing theory):
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Part B: Threads and processes (15 points)

Explain the differences between threads and processes, addressing the code segment,
the stack, and the heap.

How do threads communicate with each other? What about processes?

In the context of pthreads code, how can you figure out if a variable is shared between
threads or private?
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Problem 2: Concurrency warm-up (10 points)

Consider the following operations on a shared variable with an initial value of 0:
Thread 1

x += 2;

Thread 2

x += 5;

Is the value of x at the end of this code guaranteed to match the value it would have if
these statements had been executed sequentially? If yes, explain. If not, explain why
not, and how you would fix it.
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Problem 3: Synchronization (24 points)

Part A (12 points)

Consider the following function, which is run by multiple threads. All variables that are
not declared within the function are global. The function g does not read or modify any
shared state.

void* f(void * thread_id) {

pthread_mutex_t m;

pthread_mutex_init(&m);

pthread_mutex_lock(&m);

long tid = (long) thread_id;

for (int i = 0; i < 100000; i++)

sum += g(i * tid);

pthread_mutex_unlock(&m);

pthread_mutex_destroy(&m);

}

With the current version of the code (where the lock and unlock operations have been
commented out), is the value of sum guaranteed to be the same as it would be if f() were
called sequentially, once per value of thread id? Explain, and explain how you would
correct any errors.

If there are 4 threads, how would you expect the performance of this code (changed if
necessary for correctness) to compare with the sequential code? Suggest opportunities
for improvement.

5



Part B (12 points)

Some file has the restriction that a maximum of 3 threads should be accessing it at a time.
The code below is the only code that accesses the file. Assume that the lock variable L
and the count variable are shared.

pthread_mutex_lock(&L);

while (count > 3);

count++;

pthread_mutex_unlock(&L);

// Do stuff with the file

pthread_mutex_lock(&L);

count--;

pthread_mutex_unlock(&L);

Explain the logic behind this solution and what’s wrong with that logic.

Give fairly detailed pseudocode for how to fix it using a condition variable (i.e. you
don’t need to worry about exact pthread syntax, but each line of your pseudocode
should map cleanly to a line of real code).
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Problem 4: Deadlock (11 points)

Consider the following processes. The first column shows the maximum amount of
some resource that they could ever consume, and the second column shows their current
usage of that resource.

Max Current

A 4 2

B 10 3

C 2 2

D 8 1

Remaining 2

Part A (3 points)

Is this system currently in a safe or an unsafe state?
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Part B (8 points)

Here’s that table again:

Max Current

A 4 2

B 10 3

C 2 2

D 8 1

Remaining 2

Put X’s in the entries in the table below that would change the state of the system (i.e.
would make it unsafe if it’s currently safe, or vice versa). Explain your answers if you
want partial credit for wrong answers.

Is given one more instance of resource Gives back one instance of resource

A

B

C

D
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Problem 6: Scheduling and queueing (25 points)

Consider the following tasks in a system whose scheduler has a timeslice of 10 units.

Task Arrives at t = Needed CPU time

A 0 100

B 10 40

C 20 20

Part A (6 points)

What are the completion and response times of each task under a FIFO scheduler?

Part B (9 points)

Give the values of each of the following quantities based on your answer to Part A. You
should just show expressions for these values; no need to simplify them.

• Throughput

• Utilization

• Average number of tasks in system (queued or running) during any given times-
lice
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Here’s that table again:

Task Arrives at t = Needed CPU time

A 0 100

B 10 40

C 20 20

Part C (8 points)

Show a timeline for the optimal schedule with respect to average response time. Give
the response time of each task.

Part D (2 points)

What is the downside, if any, of your schedule from Part C?
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