
Networking 

Exercise: Protocol layers

Consider a router that connects to a wired (Ethernet) Web  server on one side and a 
wireless (Wifi) client on the other hand. The machine and the server are in two different 
networks. 

1. Make a drawing with the protocols stack of each equipement

2. What are the local and end-to-end layers

3. Pick addresses at the transport, network and link layers

4. Consider a message issued by a Web browser at the client for the Web server. Detail 
the encapsulation process at each step of the transfer with the corresponding 
addresses

Exercise:  Voice traffic transfer

The legacy telephone system (POTS) makes uses of the frequency band from 0 to 4 kHz. 
For a correct quality, voice samples are quantized using 256 levels. The Shannon theorem 
states that sampling should be performed at a frequency which is at least two times larger 
than the maximum frequency of a signal. 

1. What is the bit rate of the voice codec

2. Explain why this bit rate is one actually conveyed within the telephone system and 
why it is larger in a packet network. 

3. Let us now consider a packet switched network. Assume a G711 codec operating at 
64 kbit/s. The codec provided voice samples every 10 ms to the tranport layer. 
Typical Voice over IP application relies on UDP with an additional intermediate layer 
called RTP (Real Time Protocol). RTP provides (among other things) to the recipient 
the time instant where the sample was generated at the source side.  We further 
assume that the communication remains within a local network. Given the layering 
scheme depicted below, what is the effective rate transmitted within the network?



Exercise  : delay components.

Routers process packets in a  « store and forward » manner, meaning that the packet is 
entirely stored in memory before being processed.

Consider a path with two routers between a transmitter and a reciever. All NICs are  Fast 
Ethernet.  We assume that all packets are of fixed size (1000 bits)

1. What is the total transmission time of a packet along the path?

2. In the previous question, we neglected the propagation time. Indeed, each router 
transforms a packet into an electrical (or optical or electromagnetic) signal that 
propagates along the medim.. Assuming that the signal propagates at  v=200 000 
km/s and the distance between routers is 20 kms, while the emitter-router and router-
destination distances are 2 m.

a. What is the propagation time?
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b. Which factor (propagation or emission) dominates.

3. The previous scenario corresponds to a MAN. Let us now consider a LAN case with 
20 meters between the two routers Which factor (propagation or emission) 
dominates?

4. Consider the case of a Google Web search server in California that sends a packet 
of 1000 bits to a client in France. Is it interesting to improve the access capacity of 
the server from the client perspective?

5. Same question with a streaming server. 

Exercise  : Packet vs circuit switching

Assume : 

● a link with a capacity 1 Mbps

● Each machine emits at 100 kbps when it is active

● Each machine is active 10% of the observation time.

Questions :

6. In a circuit-switching network, what is the maximum value of N

7. Assume now a packet network. Suppose there is 35 hosts. 

a. What is the probability that n machines be active?

b. What is the probability that n=10 machines be active? Conclusion



Exercise 3 : Message vs packet routing.

Assume one wants to send a file  of 1,25 Moctets in network consisting of n nodes that 
operate in a store and forward manner.
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Tha capacity of each link is  10 Mbps. The question that one wants to inverstigate is: is it 
mode efficient to send the 1,25 Moctets  at once (message switching) or  the same message 
cut  into  p  packets  (packet  switching).  Packets  are  1250  bytes  long.  We  neglect  the 
propagation times.

1. How long does it take for the message to reach the destination in message switching 
mode?

2. Consider the packet-switching mode now. Packets are sent back to back.

a. What is the value of n ?

b. How long does it take for the first packet to reach the destination?

c. How long does it take for the whole message to reach the destination?

3. Compute the total transfer time for the two modes for n=10.

4. Why don't we use packets of 1 byte in the Internet when performing large transfers?

Exercise : Data buffering

Video and audio streaming heavily relies on buffering at the client side. Let us a consider a 
toy example to illustrate the complexity of picking the right value for the buffering delay (time 
before playing the video to the user). Assume that:

1. YouTube transfers a video that must be read at R=300 kps

2. The access capacity of the client is  R0=200 kbps

3. The duration of the video is  T=10 minutes

Let ius call:

1. t=0 the time instant when the  YouTube server starts streaming the content.



2. t=t0 the time at which the video is being played to the user.

Questions:

1. Which quantity of data is buffered during the buffering period [0,t0].

2. To have no image freeze, it is sufficient that the quantity of information received 
during the buffering period + the playout duration be smaller than the quantity of 
information consumed by the player during time T, i.e.,  t0+T . Write the 
corresponding equation.

3. What is the minimum buffering time?

4. Why is it more complex in practice?

Exercice :  A few seconds in the life of a computer connected to the Internet

1. What is the address of the client machine? Justify.

2. How many servers are involved in this trace?

3. What is the URL (with and without IP address) requested?

4. Was the request syntactically correct? 

5. What is the response time of the DNS request?

6. What is the response time of the Web server?

7. What is the response time from the user perspective?

Exercise: Routing vs switching tables

Consider a network with M machines interconnected by R network appliances. Assume that 
there are N simultaneous transfers.

1. What is the average number of machines connected to each network appliance?

2. What is the average number of communications going through a router?

3. If the network is a packet-switched network, what is the size of each routing tables? ?
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4. Same question for a circuit switched network.

5. When does the size the of tables of the circuit switched network become larger than 
the one of the  packet switched network?
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