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1. (10 Points) (A) TCP is a reliable transport protocol tuned to perform well in traditional networks made up of links with low bit-error rates. Explain the following figure? (B) What is the problem for TCP to be carried over wireless environment? (c)  Describe the solution of Split Connection Approach. Advantage? Disadvantage? (D) Describe the advantage and disadvantage for TCP Westwood?
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Figure 1

2. (10 Points) (a) Many current network applications that require reliable transmission use TCP. Some of real time applications use UDP. What are the differences between TCP and UDP? (b) Does SNOOP offer transport layer code running on the base station? What is the meaning of local retransmission? (c) Can you explain the differences between (i) A new ACK (ii) A spurious ACK (iii) A duplicate ACK for Snoop_ack() scheme? (d) Do you describe any disadvantage for SNOOP TCP?

3. (10 Point) (A) What makes the fast-transmission approach desirable in improving TCP performance over wireless networks? (B) Standard TCP uses a cumulative acknowledgement scheme, which does not provide the sender with sufficient information to recover quickly from multiple packet losses within a single transmission window. A selective acknowledgement (SACK) mechanism, combined with a selective repeat retransmission policy, can help to overcome these limitations. What improvement in performance does SACKs provide for wireless network? (C) Why standard TCP does not adopt SACKs? (D) What are the problems faced by designers of wireless TCP stacks when using link layer protocols?

4. (10 Points) (a) Can you describe two main motivations for The Terminal Project: Toward Self-Organized Mobile Ad Hoc Networks? (b) Can you describe Ad hoc network evolutions from early stage to the future? (c) Can you describe the characteristics of Ad hoc networks? (d) In the early stage, two kinds of routing schemes: (1) table driven routing scheme (such as DSDV) (2) on demand routing scheme (such as AODV). Can you explain the differences between them?

5. (10 Points) (a) Different from traditional routing schemes, recently, geographical methods have been utilized for routing. Can you describe how geographic information can be helpful for the routing function? (b) For large scale ad hoc networks, what are the problems for the routing schemes? (c) Can you explain the following example? (D) Usually real time service might require stringent delay constraint and not allow retransmission. How to provide real time service under an unpredictable environment?
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 Figure 2
6. (10 Points) Providing real time services such as voice or video over ad hoc network is a challenge. Usually QoS routing will be required for real time connections. (a) Describe the difference between QoS routing and shortest path routing. (b) Usually bandwidth constraint must be satisfied for the required voice and video. How do you compute the available bandwidth for an ad hoc node if you have 2M bits per second bandwidth and each requested video stream require 50 K bit per second bandwidth. As problem 5 case (Figure 2), the video connection is constructed from sender to receiver, how many bandwidth should be consumed (or allocated) for each node (sender, R1, R2, and receiver). (c) Multipath routing has been proposed to satisfy QoS requirements. Can you describe the advantage and disadvantage for mutlipath routing?
7. (10 points) 

Consider an ad hoc sensor network where nodes are equipped with QPSK radios that operate at rate r. The power consumption of the radio when transmitting to a node at distance d with specified BER b is Ptx = (+ *d^4)*r. The path loss model is 1/d^4. The power consumption when in the receive mode is Prx = *r. The radios need a start-up time of Ts when switched to transmit mode. During the start-up time, the power consumption is Ps.

Now, consider a sensor S and gateway G that are distance D apart, and communicate using packets of length L bits. Let the desired BER in the packet flow between S & G be b. What is the optimum number N (>= 0) of multihop relay sensor nodes, and their locations, that you would want to have between S & G so as to minimize the energy consumption by the network (i.e. S,G, and the relay nodes put together?)
Find this optimum N for a typical case where r = 1Mbps, = 45 nJ/bit, = 0.001 pJ/bit/m^4,  135 nJ/bit, Ps = 60 mW, Ts = 500 microseconds, L = 30 bytes, b = 1E-4, and D = 10 m, 50 m,100 m, 500 m, and 1000 m. You need to find optimum N for each different D.
Note that the average probability of bit error for QPSK is Q(sqrt(2Eb/N0)). Also, Q(z) =0.5*erfc(z/sqrt(2)).
8. (10 Points) The goal of Mobile IP is to allow a mobile host to send and receive packets addresses with its home address regardless of its current point of attachment to the internet. (A) Can you explain what are encapsulation and tunneling for Mobile IP? (B) For security reason, some router will enforce to apply source address filtering. Then what is going to impact Mobile IP? (C) Do you have solution for the security limit in (B). (D) For supporting mobile multicast, MoM has been proposed to address the tunnel convergent problem but it still suffers from triangle routing problem since it is based on MIP-BT (Bi-directional Tunneling). Do you have solution to avoid triangle routing problem?

9. (10 Points) (a) A direct mechanism for achieving multicast reception on MHs is to let HA handle multicast routing by executing IGMP and delivering multicasts to the MHs as if it was at home. In current IETF mobile multicast, is it qualified as remote subscription or bi-direction tunnel multicast? Advantage? Disadvantage? (b) What is the duplication problem? (c) What is the tunnel convergent problem? (d) Can you describe what is “combine routing”? Advantage? Disadvantage? (e) What is the scoping problem?

10. (10 Points) A critical design issue for future wireless ad hoc networks is the development of suitable communication architecture, protocols and services that efficiently reduce power consumption thereby increasing the operational lifetime of network enable devices. For small communication devices (such as sensors, PDAs, etc), reducing the transmission power may significantly extend the operational lifetime of a device, thus enhancing the overall user experience. A distance between two nodes could be determined by propagation model (i.e. the transmission power and the received power) or GPS. Can you enhance DSR (Dynamic Source Routing) with extra fields to minimize the total transmission power needed to forward packets between devices in ad hoc wireless networks either through (A) propagation model or (B) GPS location information?
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