Fundamentals of Computer Networking
CS4700/CS5700 Spring 2011

Homework 4
4 April 2011

This homework is due at the beginning of class on April 11th, 2011.

Name:

Problem | Possible | Score
1 30
2 30
3 40
Total 100




la. Below shows the packet arrivals of two flows G and R at a weighted fair queuing scheduler.
The two flows have equal weight, flow Rs packets are twice as big as flow Gs packets. The
service provided in the corresponding fluid flow system is shown.
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Now, suppose the packet arrival is changed to the following pattern, draw the service in the

corresponding fluid flow system for this new arrival pattern.
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1b. (continuation of 1a) Using this fluid system as the ideal reference for weighted fair queuing
scheduling, what is the transmission order in the corresponding packet system? (10 points)



2a. A router using weighted fair queuing has 10 flows waiting to go out over a 1 Mbit/s link. The
weight w; of flow i € {1,2,...,10} is defined as w; = i. How much bandwidth is guaranteed to
flows 2, 6, and 9? (15 points)

2b. (continuation of 2a) Now suppose that there are only packets waiting for flows 3, 4, and 10.
How much bandwidth is allocated to each one of these three flows? (10 points)

2¢. (continuation of 2b) Finally, suppose that there are only packets waiting for flow 1. How
much bandwidth is allocated to this flow? (5 points)



3a. Suppose two flows A and B are arriving at a weighted fair queuing scheduler. For simplicity,
the link capacity is 10 bits per second. The two flows have equal weight, w4 = 1 and wg = 4.
The arrival times, and packet sizes are shown in the tables below.

Flow A Flow B
Packet ‘ Arrival time (s) ‘ Size (b) Packet | Arrival time (s) | Size (b)
1 0 7 1 0 4
2 2 4 2 0.5 4
3 2.5 2 3 2 8
4 2.5 20 4 3 8
5 3 8

Compute the start time and the finish time of every packet in the fluid flow system. You may
draw a fluid flow system picture to help illustrate your answers. (10 points)

3b. (continuation of 3a) Write down the packet transmission order in the real packet system. Use
A1l to denote the first packet of flow A. (10 points)



3c.

(continuation of 3b) Recall that the system virtual time V(t) is the number of rounds of
service the WFQ server has given at time t. V(t = 0) = 0. One round of service is provided
when every flow x that has traffic to send has received w, bits of service. When a packet
of flow A arrives at the system at time ¢, its virtual start time is either the current system
virtual time V/(t) or the virtual finish time of the previous packet in flow A, whichever is

larger.

Compute the virtual start time and the virtual finish time of every packet in the system. (20
points)



