
CSC 414 Applied Operating Systems



Exam 2

Family Name: ___________________Given Name: ___________________

Student number: _________________

Answer the questions in the spaces provided on the question sheets. If you run out of room for an answer, continue on the back of the page.

Examination Policy

1. Examinees are requested to place their I.D. cards on the desk.  

2. A 5 minute grace period is given at the beginning of the exam allowing students to ask questions concerning an eventual error. After this time, no questions will be permitted.

3. No paper other than the examination booklet may be used.

4. Question sheets of examinations must be collected with the answer booklets at the end of the examination session.

5. No communication of any kind between examinees is permitted during an examination. The borrowing of any items, including pens, rulers, erasers, tissue papers, calculators and the like, is strictly forbidden. 

6. Cellular phones must be switched off during the examination session. Phones put in “silent” mode are not allowed.  

7. Examinees are not permitted to read the examination questions before the proctor announces the start of the examination, or to continue writing after the proctor has announced the end of the examination.

8. Once an examinee has entered an examination room, he/she is responsible for that examination or set of examinations. If the examinee leaves the room for any reason whatsoever, he/she will not be allowed to return to the examination room and will receive credit for that part of the examination that was undertaken. In case of illness or dire need, a student may be allowed to leave the room with a proctor, if one is available. The student will be allowed to continue the exam without additional time being added. 

9. When the proctor announces the end of the examination, the examinee should stop writing and should place the answer booklet face down at the edge of the table next to the passageway. Examinees should remain seated until all examination booklets are collected and they are told to leave the examination room.

10. If the examinee finishes before the end of the time allocated for the examination, he/she may leave the examination room after handing the answer booklet to a proctor. The examinee may not talk to any other examinee or proctor on his/her way out of the examination room.

1. (10 points)

Circle the correct answer (2 points each)

a. The SJF strategy provides the greatest throughput.   TRUE   FALSE
FALSE (it has the least average waiting time)
b. In an interactive system, if context switching had no cost, it would be desirable to switch running processes infinitely often.   TRUE   FALSE
TRUE
c. A dispatcher removes processes only from the head of the queue.   TRUE   FALSE
TRUE
d. In round robin scheduling with feedback queues, processes that exhibit interactive behavior should be given longer time quanta and higher priority.   TRUE   FALSE
FALSE (should have a shorter time quantum)
e. In a typical OS scheduling queue, elements are inserted only at the end, but may be removed from various positions.   TRUE   FALSE
FALSE

2. (9 points)

Identify and briefly describe three different possible objectives of scheduling. For each, identify a particular situation in which this objective may be an important one.

 THROUGHPUT: to maximize the total work done per hour, day, etc. Reasonable in early, large, expensive computers where equipment cost was most important. 

 RESPONSE TIME: Keep the response time (wait & service) short and consistent, especially for small tasks. Essential in interactive environments. 

 FAIRNESS: Give the "most important" processes the best service. Desirable in any system with an importance (priority) ranking. Essential in real-time environments. 

(Other answers are possible) 

3. (10 points)
What is an I/O-bound process and CPU-bound process? Give examples. 

If a process spends most of the clock cycles for information exchanging from/to I/O devices, this process is said I/O-bound for example a process engaging with frequent file processing, opening, writing to and reading, closing. If a process spends most of the clock cycles in CPU with very minor I/O requests, this process is said to be CPU-bound for example a computationally heavy process may be a seismographic or biomedical data calculations.
4. (10 points: 5 each)

Explain why each of he following scheduling algorithms are in some sense optimal:

a. First Come, First Served

No other algorithm has fewer context switches, so FCFS has at least as great a throughput as any other.

b. Shortest Job First

The SJF algorithm provides the shortest average waiting time of any algorithm.

5. (10 points)

Explain the differences in the degree to which FCFS, RR, and Multilevel feedback queues discriminate in favor of short processes.

FCFS : FCFS as such does not discriminate between short and long processes but short processes have disadvantage in FCFS scheduling as any short process arriving after long process will have a longer waiting time.

RR : RR treats all processes equally by giving them equal bursts of CPU time so short processes can finish faster as compared to FCFS scheduling.

Multi-Level Feedback queue: This scheme discriminates favorably toward short processes as their chances of going to a lower priority queue is lesser compared to long processes. Thus short processes can leave the system faster.
6. (25 points)

Given the following mix of jobs, job lengths (CPU time), and arrival times.

	Job
	length
	arrival time

	P0
	50
	0

	P1
	30
	15

	P2
	5
	35

	P3
	25
	45

	P4
	15
	55


a. Fill the following charts illustrating the execution of these processes using FCFS, RR with time slice of 10, and non preemptive SJF algorithms. (15 points)
FCFS

	P0
	P1
	P2
	P3
	P4

	50
	30
	5
	25
	15


RR

	P0
	P0
	P1
	P0
	P1
	P2
	P0
	P3
	P1
	P4
	P0
	P3
	P4
	P3

	10
	10
	10
	10
	10
	5
	10
	10
	10
	10
	10
	10
	5
	5


SJF

	P0
	P2
	P4
	P3
	P1

	50
	5
	15
	25
	30


b. Compute their turnaround and waiting time using the following table format for your solution. (10 points)
	
	Turnaround time
	Waiting time

	Job
	FCFS
	RR
	SJF
	FCFS
	RR
	SJF

	P0
	50
	105
	50
	0
	55
	0

	P1
	65
	70
	110
	35
	40
	80

	P2
	50
	20
	20
	45
	15
	15

	P3
	65
	80
	50
	40
	55
	25

	P4
	70
	65
	15
	55
	50
	0


7. (10 points)

Five jobs are waiting to be run.  Their expected run times are 9, 6, 3, 5, and X. In what order should they be run to minimize average response time? (Your answer will depend on X).

Answer: Shortest job first is the way to minimize average response time. 

0 < X <= 3:     X, 3, 5, 6, 9 

3 < X <=5:       3, X, 5, 6, 9 

5 < X <= 6:      3, 5, X, 6, 9 

6 < X <= 9:      3, 5, 6, X, 9 

X > 9:              3, 5, 6, 9, X

8. (6 points)

Identify the four requirements for a satisfactory mutual exclusion algorithm.
Mutual Exclusion 

No Deadlock 

Bounded Waiting 

9. (10 points)

Consider the two-process concurrent program given below. What is the set of values that 32-bit integer shared variable x might have once both processes have terminated? Assume that the initial value of x is 0 and that memory access is an atomic action.

	Process 1

{

    for( i = 1 to 1000)

    { 

        x = x +1;

        x = x –1;

    }

}
	Process 2

{

    for( j = 1 to 1000)

    { 

        x = x +1;

        x = x –1;

    }

}


-1999 ≤ x ≤ 1999

Explanation for the mystified: Each assignment statement is compiled into (at least) 3 atomic actions: a load, an add/subtract, and a store. The effect of the store for each assignment can, therefore be overwritten as a result of a pathological interleaving with an assignment in the other process. Thus, an iteration of the loop (in either process) could (i) leave x unchanged, (ii) increment x by one (because the result of the subtraction was overwritten), or (iii) decrement x by one (because the result of the addition has been overwritten). That argument suggests an answer of -2000 ≤ x ≤ 2000. But the last subtraction in the last iteration of the last process cannot be nullified (because it is last).

10. (10 points)

Assume the following atomic swap operation:

atomic procedure Swap( var a, b: boolean )

    var temp: boolean;

    begin

        temp = a;

        a = b;

        b = temp;

    end;

a) Describe how the critical section problem can be solved using the above swap operation. That is, develop a solution that guarantees mutual exclusion using the swap operation. (5 points)
	lock = false 

	Key_1 = true

repeat

   swap (lock, key_1) 

until key_1 == false 

<C.S>

lock = false
	Key_2 = true

repeat

   swap (lock, key_2)

until key_2 == false

<C.S>

lock = false 


b) Explain at least two undesirable properties of your solution. (5 points)
Busy waiting and starvation.
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