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Due Date: Sunday, May 10th, 2009
QUESTION#1 [50 points]

One of the important issues in operating systems is that of scheduling jobs on a CPU. Assume that we have a single-processor machine. You are to build a program that schedules simulated CPU jobs. Your program should run in a loop, each iteration of which corresponds to a time slice for the CPU. Each job has an ID, which is a 8-character string, and is assigned a priority, which is an integer between 1 (highest priority) and 100 (lowest priority), inclusive. From among all jobs waiting to be processed in a time slice, the CPU must work on a job with highest priority. In this simulation, each job will also come with a length value, which is an integer between 1 and 100, inclusive, indicating the number of time slices that are needed to process this job. For simplicity, you may assume jobs cannot be interrupted—once it is scheduled on the CPU, a job runs for a number of time slices equal to its length (This CPU scheduling scheme is called non-preemptive). Your simulator must output the name of the job running on the CPU in each time slice and must process a sequence of commands, one per time slice, each of which is of the form "add job ID with length n and priority p" or "no new job this slice". Your program needs to do the following:
1. Reads a text file named cpu_jobs.txt that contains a sequence of commands to process. This text file is read via an argument that will be supplied to your java program when running it (for example, on a command line, you will enter "java testCPU cpu_jobs.txt" where testCPU is the Java test program).
2. Your program will output, for each time slice, the ID, priority, and time left for the process to finish in one line, and the second line will contain the command being processed at this time slice.

3. After executing all processes, your program shall print, for each process, the waiting time it took before using the CPU. At the end, it will print the average wait time for all processes. If no process was included in this session, your program shall print the message "CPU Idle in this session".
Using the implementation above, test your program for the following cases:
a) Use the length of the job, n, as its priority.

b) Use the value 101 - n  as the job priority, where n is the length of the job.
c) Use an equal priority for all the jobs. In this case, they must be scheduled on a first-come first-serve basis.

Compare the three schemes by stating which scheme is better to use and why.

Grading Guide for Q1

1. Check the data structure used by the student. If a priority queue (min-heap) is used, give 5 points, otherwise, if a non-suitable data structure is used (e.g. unnecessary searches and/or sorts are done due to the choice of the data structure), give 1 point.

2. If the program does not compile, inspect the code visually and based on your opinion, give a maximum of 5 points (i.e. between 0 and 5). If the program compiles, give 5 points.

3. If the program does not run when given a text file as an input parameter, then stop at this point. The total marks are based on 1 and 2.

4. If the program runs when given a text file as an input parameter, do the following
a. java testCPU cpu_jobs0.txt



(3 points)
i. Expected Output: Error in reading the third line input
b. java testCPU cpu_jobs1.txt



(2 points)

i. Expected Output: Error in reading the fifth line input
c. java testCPU cpu_jobs2.txt



(4 points)
i. Expected Output: 38938439 84794734 A3383838 33A3E991 94847847
d. java testCPU cpu_jobs3.txt



(4 points)
i. Expected Output: 38938439 A3383838 33A3E991 94847847 84794734
e. java testCPU cpu_jobs4.txt 



(4 points)
i. Expected Output: 38938439 94847847 A3383838 33A3E991 84794734
f. java testCPU cpu_jobs5.txt 



(4 points)
i. Expected Output: 38938439 84794734 33A3E991 A3383838 94847847
g. java testCPU cpu_jobs6.txt 



(4 points)
i. Expected Output: 38938439 A3383838 N3033A37 33A3E991 94847847 84794734
h. java testCPU cpu_jobs7.txt 



(4 points)
i. Expected Output: 38938439 84794734 A3383838 33A3E991 94847847 N3033A37
i. java testCPU cpu_jobs8.txt 



(4 points)
i. Expected Output: 38938439 84794734 A3383838 33A3E991 94847847 N3033A37
5. If there is no analysis of the results as required, no points are given. Otherwise, If the analysis is correct (best scheme with least waiting time is when shorter jobs have higher priorities than longer jobs) give 7 points. Otherwise, give between 1 and 6 points to other conclusions based on how close or far they are from the right one.
QUESTION#2 [25 points]
(a) (6 points) Given the following General tree, T:


[image: image1] 
i. (3 points) Show the result of the preorder depth first traversal of T.
A B C L J K D E I F G H
ii. (3 points) Show the result of the postorder depth first traversal of T. 
B J K L C D F G H I E A
(b) (4 points) The breadth-first traversal of a full Binary Search tree gives its keys in the following order: 8, 6, 30, 15, 40, 10, 18, 16, 23, 20, 25. Draw the tree. 


[image: image2]
(c) (15 points) An Airlines wants to give a first-class upgrade coupon to their top log n frequent flyers, based on the number of miles accumulated, where n is the total number of the airlines' frequent flyers. The algorithm they currently use, which runs in O(nlogn) time, sorts the flyers by the number of miles flown and then scans the sorted list to pick the top log n flyers. Describe an algorithm that identifies the top log n flyers in O(n) time. You only need to provide the pseudo code of the algorithm. No implementation is necessary.
1. Let f be an array of size n representing the n frequent flyers of the airlines. Let the value of f, i.e. f(i), be the number of miles accumulated by frequent flyer i.

2. L = {} // The list of top frequent flyers that will be awarded the coupons.
2. H = BuildHeapBottomUp(f); // this costs O(n)

3. for i = 1 to log(n) do

4.    j=H.dequeueMin();

5.   Add j to L;
6. end for;

It is clear that lines 3 to 6 cost at most O(log2 n)

Hence, the overall cost of the algorithm is O(n) + O(log2 n) = O(n).
QUESTION#3 [25 points] 
(a) (10 points) Consider an empty AVL tree. Insert the following nodes into the AVL tree: 8, 6, 30, 15, 40, 10, 18, 16, 23, 20, 25. Make sure you show the intermediate results and mention all the rotations involved.

[image: image3]
(b) (4 points) Remove the key 16 from the AVL tree below. Make sure you show the intermediate results and mention all the rotations involved.
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(c) (11 points) Consider the following AVL tree:
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Note: Each of the following questions is to be answered using the original AVL tree given above

i. (3 points) What is the maximum integer key that when inserted will cause a single right rotation?
36
ii. (3 points)What is the minimum integer key that when inserted will cause a double left-right rotation?
21
iii. (5 points) Mention two integer keys that when inserted one after the other will cause a double right-left rotation. Note: The first key inserted must not cause any rotation.
10 - 8
  OR
24 - 21
Submission Instructions:

1. For Question 1, make sure you follow the homework template under the downloadable files on WebCT as follows:
i. Design: Make sure you include details of the data structure used and explain your design choices.
ii. Solution: For this section, do the following: 
i. Include 3 sample runs of your program showing that it works for each case (a, b and c mentioned in the question)
ii. Include your writeup on your answer regarding the comparison of the three schemes.
iii. Include the code implemented (and/or reused). You can only reuse classes and implementations developed in this course.

2. For the rest of the questions, just include your answer (no need for Design).
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