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1. (20 points) Please explain the following terms:

A. DWDM

B. Error correcting codes
C. Connection-oriented services
D. Single-mode fiber optics

E. Geosynchronous satellites

F. Modems

G. Echo suppressers
H. HFC

I. T1 carriers

J. Baud rates
2. (5 points) Please explain in detail the process of voice digitization.  
3. (7 points) Please answer the following questions.
A. (5 points) Draw the layer architecture of the OSI 7-layer reference model and briefly describe the function of each layer.

B. (1 points) What are the advantages of dividing communication protocols into multiple layers?
C. (1 points) What is the purpose of encapsulation?

4. (6 points) Describe in detail all possible delay components involved in (i) circuit switching, (ii) datagram packet switching, and (iii) virtual circuit packet switching.
5. (6 points) Please compare AM, FM and PM.
6. (6 points) Please compare (i) crossbar, (ii) multistage (space division) and (iii) shared-memory (time division) switch architectures.
7. (8 points) What are the major functions of (i) the ACK, (ii) the time-out, (iii) the sequence number, and (iv) the NACK mechanism adopted in data link layer protocols?

8. (6 points) Please compare the notions of “digital” and “analog” from the perspectives of data, signaling element and transmission, as discussed in the class.
9. (12 points) Please answer the following questions.
A. (4 points) What is bit stuffing? Why do we need bit stuffing?

B. (4 points) For the data sequence 111111111111111000000001111111101000000, calculate the transmitted data sequence after bit stuffing.

C. (4 points) If character stream  DLE  STX  DLE  STX  DLE  DLE  DLE  ETX  STX  A  B  STX  DLE  DLE  ETX  is to be transmitted, please calculate the transmitted frame, including the control characters for framing.
10. (12 points) Consider a channel of bandwidth 20 kHz for data transmission.
A. (4 points) What is the maximum achievable data rate if 8 different signal levels are used and the channel is error-free?

B. (4 points) We need to digitally transmit an audio signal (with the sampling rate specified by the Nyquest theorem) with spectral components in the range of 400 to 4000 Hz, where each digital sample is encoded in 8 bits. Does the channel above provide enough capacity? Why?

C. (4 points) When the effect of noise is considered, what is the maximum achievable data rate for an S/N ratio of 30 dB?
11. (12 points) Consider a network of 15 nodes. Please calculate (i) the network diameter, (ii) the average distance of all node pairs, and (iii) the minimum number of line(s) to remove so as to make the network disconnected, for the following network topologies
A. (3 points) linear (line) 
B. (3 points) ring 
C. (3 points) balanced binary tree
D. (3 points) 4 by 4 grid (mesh) without one corner node  
