
CS 314 – 001
Operating Systems
Midterm Exam
Spring, 2017
9:30-10:45 A.M.

March 2, 2017
This exam is a closed textbook and closed note exam.  There are 6 big questions in this exam.  You have 75 minutes to finish the questions.  Please write your answers on separated pieces of paper.  To avoid grading problems, please staple your solutions in the ascending order in the question number.  All the questions in this exam are mandatory (no optional question).
Student ID (the last three digits): ___________________
QUESTION #1 (15 minutes) – 20 points (4 points for each)
(1) What are the two primary roles of operating systems?
(2)
What are “multi-tasking operating systems” (make sure to describe how programs (processes) are executed by a multi-tasking operating system)?
(3) What is “the medium-term process scheduling” for?
(4)
How do threads reduce the high overhead of processes when processes try to share data in shared memory?

(5)
What problem in “batch system” do “multi-programming (multitasking) OSes” fix and how?

QUESTION #2 (15 minutes) – 20 points (4 points for each)
(1) How can “race condition” happen?  Show “how” using an example.

(2) What is “critical section”?
(3) What is “mutual exclusion”?
(4) What “signal” system call to a semaphore exactly performs?
(5) What is a possible major side effect from the solution to eliminate the condition of “circular wait” by applying “assign resource IDS and require all processes to make requests in the ascending or the descending order” method to prevent a process deadlock from occurring?

QUESTION #3 (5 minutes) – 20 points
Let us assume that you have a section in your program source code file as below:


If a label, NUM_REPEATS, is defined by a constant “4”, how many times will you see “I am the parent” and “I am a child”?  Explain how you found your solution.

QUESTION #4 (10 minutes) – 20 points
Regarding SJF and SRTF process scheduling algorithms, which of the following statement(s) is (are) true (select all that apply), assuming that the overhead for each context-switching is zero (10% of the credit for QUESTION #4)?  Justify your selection(s) (90% of the credit for QUESTION #4).  Assume a computer system that has one single-core processor.
(a)  SJF and SRTF always result in the same average turnaround time
(b)  SJF sometimes results in a better average turnaround time than SRTF, and some other times, SRTF results in a better average turnaround time than SJF
(c)  SJF cannot result in a better average turnaround time than SRTF

(d)  SRTF cannot result in a better average turnaround time than SJF

(e)  We cannot say anything about the average turnaround time by SJF and SRTF
QUESTION #5 (10 minutes) – 20 points
Any counting semaphore can be implemented using only binary semaphore(s) and shared memory.  Implement a counting semaphore using only binary semaphore(s) and shared memory.
Assumptions and requirement:

· No busy wait (no busy wait) should be used in your implementation.

· More than one binary semaphore can be used (each binary semaphore must be initialized by “1”).

· Deadlock should not happen.

· Starvation should not happen.

· As a counting semaphore would do, only the first N processes should be let in.

Implement wait and signal operations for a counting semaphore.  Assume it is your responsibility to make your idea clearly presented in your solution (Fujinoki will not be able to give credit to what you do not present in your solution).  Provide your solution using to the following format in your solution sheet.

Shared Memory

wait operation




signal operation

QUESTION #6 (20 minutes) – 20 points
An implementation of a circular FIFO queue for multiple producers and consumers is attached below (it is the one we designed in our lecture).  For this question, assume a computer system that has multiple processors or a multi-core processor.  Regarding the implementation:

Question #1 (8 points): Is there any merit in using two different “mutex semaphore” (one for the producers and the other for the consumers) – “wait(mutex)” and “signal(mutex)” become “wait(mutex1)” and “signal(mutex1)” for each of the producer processes.  Similarly, “wait(mutex)” and “signal(mutex)” become “wait(mutex2)” and “signal(mutex2)” for each of the consumer processes.

If yes, describe what is the merit (how the merit is possible)?  If not, why not?

Question #2 (12 points): Can using the two mutex semaphores cause race condition?  If yes, describe how.  If not, explain (or “prove”) why not.
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pid1 = fork();





for (i = 0; i < NUM_REPEATS; i++)


{


   pid2 = fork();





   if (pid2 == 0)


   { printf("I am a child \n"); }


   else


   { printf("I am the parent \n"); }


}
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