Homework 2 
      CS 414, Spring 2009

Instructor: Klara Nahrstedt

Note: Homework is an individual effort, i.e., no working in groups.  Consider the homework as a preparation for your midterm. The deadline for HW2 is Wednesday, May 6, midnight. You can email your solutions to klara@cs.uiuc.edu in pdf format or you can slide the homework solutions in paper form under the door of the office 3104 Siebel Center. No handwritten homework!!!
Problem 1:  (20 Points)
1.1 (10 Points) Consider two MJPEG compressed video streams and one audio stream (stored on a single multimedia disk) with the following characteristics: 

· Video v1 (Playing Video): 20 frames per second, each compressed frame on average is of size 16 Kbytes, processing time for reading the frame from a disk is estimated at 10 milliseconds (ms) and the processing time for displaying the frame is estimated at 10  ms. 

· Video v2 (Recording Video): 10 frames per second, each compressed frame on average is of size 32 Kbytes, processing time for reading the frame from video/compression card is 20 ms, processing time for storing the frame to the disk is estimated at 25 ms. 

· Audio a1 (Playing Audio): 5 samples per second, each sample is 8 Kbytes, processing time for reading a sample from the disk is  5 ms, and processing time for writing it to the CD-quality audio speaker device is 4 ms. 

Determine which preemptive multimedia scheduling algorithms are suitable for scheduling the tasks on these three streams (compare at least two multimedia suitable scheduling algorithms). Points will be given for 

(1) (2 Points) specification of admission tests for these two algorithms, 

(2) (6 Points) specification of schedules for these algorithms (if they exist), 

(3) (2 Points) determining the number of context switches in this example within the common hyper-period, i.e., the first 200 ms). 

1.2. (6 Points) Let us assume that we are profiling execution times for reading and writing tasks of audio/video frames from/to the disk. Let us consider that the video streams and audio stream from Part 1.1. are stored using continuous placement. Let us assume that the disk head is positioned at the beginning of each stream and each stream is profiled separately. Let us assume that the disk transfer rate is 1,000,000 bytes per second and the disk block is 4 Kbytes (4096 Bytes). Note that based on the assumptions, the block access time in this example is dominated by the disk transfer time (disk rotation and seek time are negligible). Verify if the estimation of the processing times used in the Part 1.1.  is realistic for 

· Reading video frames of video v1 (estimated value is 10 ms) from the disk

· Reading audio frames of audio a1 (estimated value is 5 ms) from the disk, and 

· Writing video frames of video v2 (estimated value is 25 ms) to the disk. 

Note that realistic value means in this case if your computed disk access time value using the given disk characteristics is less or equal to the estimated processing time value. 

1.3  (4 Points) Let us assume that the actual processing time for the display task of video v1 fluctuates during the run time as follows: (measurement time, processing time):= 

(t0, 10 ms), (t1, 8 ms), (t2, 12 ms), (t3, 10ms), (t4, 16ms), (t5, 20ms), (t6, 16ms), (t7, 20ms), (t8, 18ms), where t1= t0+50ms; t4=t0+4*50ms; t8 = t0+8*50ms. If we assume that the scheduling framework makes a reservation for the display task at time t0 for 10ms, how would you change the reservation at time t4 and t8?  If you use the exponential average adaptation policy (with α = 0.3), then determine the changed reservation value at time t4. If you use the statistical adaptation strategy (with f = 0.4, ws = 5), then determine the changed reservation value at time t8. Explain your steps clearly. 

Problem 2: (25 Points)
2.1 (13 Points) Let us consider a single multimedia disk with number of tracks  from 1 to 100. Let us consider the following set of requests in a request queue for a multimedia disk. Note that each request is represented at the disk management level as a pair of values (deadline, track number). Let us assume that the disk scheduling policy operates (makes a decision) over the whole request queue. 

Order of requests  (
(1, 23),  (2, 57), (1, 1), (1, 89), (2, 13), (2, 78), (1, 5), (2, 75), (3, 45), (3, 98), (2, 72), 

(3, 47), (2, 76), (3, 97), (3, 46), (3, 95), (3, 48), (4, 2), (4, 55), (4, 6), (3, 49), (4,3).

(a) (3 Points) Derive the EDF schedule for these requests.  

(b) (3 Points) Derive the SCAN schedule for these requests. Assume that the disk head starts at track 20 and moves upwards. 

(c) (4 Points) Derive the SCAN-EDF schedule for these requests using a simple perturbation function. Assume that the disk head starts at the track 20 and moves upwards. 

(d) (3 Points) Compare all three schedules in terms of number of tracks the disk head needs to make (e.g., if a head must jump from track 23 to 57, it needs to traverse 57-23=34 tracks)

2.2. (12 Points) Let us assume you are a system administrator who needs to organize a single large multimedia disk (VOD server) for a community of college students. You should take the following assumptions into account: (a) the users will be able to retrieve videos out of the VOD disk ONLY, not store videos on the disk (only you as the admin will be able to store videos on this disk), (b) 50% of users like movie V1, 20% of users like movie V2, 10% of users like movie V3, 3% of users like movie V4, 2% of users like movie V5, 2% of users like movie V6, 1% of users like movie V7, 1% of users like movie V8, and 1% of users like movie V9, (c) V1 takes 3 Mbytes  storage space, V2 takes 4 Mbytes space, V3 takes 1Mbytes space, V4 takes 2 Mbytes space, V5 takes 2 Mbytes space, V6 takes 3 Mbytes space, V7 takes 3 Mbytes space, V8 takes 1 Mbytes space, and V9 takes 1 Mbytes space. 

Design the multimedia disk management and specify 

(1) (2 Points) What are the storage parameter decisions (block size, etc. ) for these videos on the multimedia disk? 

(2) (2 Points) What is the file placement strategy for these videos on the multimedia disk to get the optimal file access time for each video? Identify the strategy by name and show your work. 

(3) (4 Points) What services must the disk management deploy to ensure guaranteed and timely access to the files/blocks? Name at least two services that the multimedia disk management must have. Clearly specify what the services are and what their function is, and give example(s) of condition(s) that these services may need to satisfy. 

(4) (4 Points) Is the popularity of the videos described above distributed according to the Zipf’s law? Justify clearly (do not specify just yes or no). 

Problem 3.  (25 Points) 

3.1 (4 Points) Name four differences between Gnutella and Chord P2P systems.
3.2 (4 Points) Assume a Chord ring where ids are truncated to 8 bits (i.e., m=8). There are currently 10 nodes in the ring with the following ids:  13, 15, 29, 90, 95, 111, 130, 133, 150, 200.

Draw the resulting Chord ring (approximate scale).
3.3. (6 Points) Consider the Chord ring in Problem 3.2. Consider the node 95. Write down the pointers it currently has: successor, predecessor, finger table.
3.4.(3 Points)  Consider the Chord ring in Problem 3.2. If the node 95 wants to introduce a new file with id 31, what would be the first hop this introduction of the new file would take? Which node would finally store the file?
3.5 (3 Points) Consider the Chord ring in Problem 3.2. If the node 130 leaves, what would be the new finger table at node 95?

Problem 4.  (20 Points) 
4.1 Consider the following Time-Interval Specification: 

Audio1 while(0,0) RecordedInteractions

Audio1 before(20) Video 1;

Video1 before(0) Video2;

Video2 before(50) Video3; 

Video3 before(100) UserInteraction; 

Video3 before(30) Audio2;

Audio2 while(0,400)  Animation; 

Slide1 before(10) UserInteraction;

Slide1 before(0) Slide2; 

Transform the interval-based specification into 

(a) (4 Points) Time-axis specification 

(b) (4 Points) Basic Hierarchical specification  

(c) (6 Points) Compare all three specifications (Interval-based, Time-axis and Hierarchical Specifications) with respect to this example in terms of their strengths and weaknesses. Point out two strength and two weaknesses for each specification. 

4.2 (6 Points) Consider the Video-on-Demand (VOD) Service, where the VOD client is watching a movie, streamed from the VOD server with audio stream (Audio1), and video stream (Video1), at the time point T (from the start of the movie T time units elapsed).  After the time point T the client is receiving Audio1, but it is not receiving the corresponding video (Video1), i.e., somewhere along the end-to-end path blocking of the video stream happened. At the client side, the VOD system faces so called gap problem. Provide two different solutions to solve the gap problem. Describe clearly what action, algorithm, and/or protocol you would execute to minimize or remove the gap problem. 

Problem 5. (10 Points)

5.1 (3 Points) List three differences between IP multicast and Overlay/P2P multicast.

5.2 (3 Points) What’s the main advantage of streaming using a multiple tree approach instead of a single tree approach?
5.3  (4 Points) Mention four differences between the mesh and tree based approach to streaming.




















































































