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Video 
 

10. (3 + 5 + 5 = 13 pts) Alyssa P. Hacker is using the buffer-based (BBA-0) algorithm she 
implemented in Lab 3 to watch BigBuckBunny (her favorite video) with DASH. At some 
time, Alyssa’s throughput suddenly reduces to 1 Mbit/s, and remains that way until the 
end of the video. At this time, Alyssa notices that a chunk had just been downloaded, 
giving her 12 seconds of video in her playback buffer. Also, Alyssa notices that she only 
has 5 more video chunks left to view before the video ends. 
 
The available bitrates for this video are r1 = 1 Mbit/s, r2 = 2 Mbit/s, and r3 = 4 Mbit/s. The 
buffer based algorithm has a reservoir of 4 seconds, an upper reservoir of 4 seconds, 
and a maximum buffer size of 20 seconds. The chunks are 4 seconds long, and all 
chunks for a given bitrate have the same size. 
 
To refresh your memory, a BBA-0 client always picks the lowest bitrate when its buffer 
occupancy is below the reservoir, and the highest bitrate when its buffer occupancy is 
less than the maximum buffer size by at most an amount equal to the upper reservoir. 
(See figure below). 
 

A. The following figure shows a rough sketch of the bitrate decisions made by 
BBA-0 as a function f of the buffer size. Label the three available rates R1, R2, R3 
on the y-axis and the corresponding buffer sizes B1, B2, B3 (in seconds) on the 
x-axis, such that f(b1) = r1, f(b2) = r2, f(b3) = r3. 
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B. What are the bitrates of the next 5 chunks fetched by BBA-0, in order? 

Notation:  
Bi = Buffer used for bitrate calculation by BBA-0 for chunk 
ti = Download time of chunk, r(Bi) = Bitrate of chunk 

Solution: 
B0 = 12s ⇒ r(B0) = 2Mbps, t0 = 8s 
B1 = B0 - t0 + 4 = 8s ⇒ r(B1) = 2Mbps, t1 = 8s 
B2 = B1 - t1 + 4 = 4s ⇒ r(B2) = 1Mbps, t2 = 4s 
B3 = B2 - t2 + 4 = 4s ⇒ r(B3) = 1Mbps, t3 = 4s 
B4 = B3 - t3 + 4 = 4s ⇒ r(B4) = 1Mbps, t4 = 4s 

 
C. After watching the video, Alyssa is disappointed with the QoE achieved by 

BBA-0. Meanwhile she has figured out a way to hack the network to get exact 
network throughput forecast into the future. Now Alyssa always knows what her 
network throughput is going to be in the future. Assume that Alyssa’s QoE for the 
next K chunks is given by:  

where stands for the bitrate of the chunk. Note that Alyssa’s QoE is linearRk kth  
in the bitrates of the chunks fetched, and she has zero tolerance for any 
rebuffering. Also there is no smoothness penalty. 
 
What is the optimal choice of bitrate decisions for the next 5 chunks in order to 
maximize her QoE? In case there are multiple optimal choices possible, you only 
need to provide one of them. Similar to the previous problem assume that 12 
seconds of video is available in the playback buffer at the beginning, and 5 
chunks of video are remaining to be fetched at 1Mbps network throughput. 
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