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Instructions
1. The question paper is self-contained. Use the main answer book for rough work.
2. Answers written in pencil / overwritten answers / illegible answers are not eligible for recheck.
3. Clearly state all your assumptions.
4. For Q8 and beyond, provide the final answer in the space given. Use the main answer booklet for rough work.
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1. What is the difference in service provided by IP and UDP? (3M)
Ans: Both protocols provide best effort service. The only distinction is that IP provides the service at host-to-host
level, where as UDP provides the same service at process-to-process level.

2. What is the service provided by TCP? (3M)
Ans:TCP provides in-order, reliable delivery of byte streams from process-to-process.

3. State any four design guidelines of Internet architecture. (4M)
Ans: Heterogeneity, Consensus / Orthogonality, Scalability / Gradual Deployment, Cost-Effective, Simple, Mod-
ularity, Working Solutions, Flexibility, Robustness, Packet Entry Barriers, No Deadlocks, Self-Explanatory, Clear
Semantics, Implementation.

4. What is an idempotent mode? (3M)
Ans:Idempotent mode refers to a mode in that requires protocols to deliver variable-length records (payloads).

5. What is the difference between push-based and pull-based streaming (3M)
Ans:In push-based streaming, the server actively pushes the latest content to clients who suscribe to the server
apriori.
In pull-based streaming, clients actively see the latest content from the server.

6. Draw the network symbols for switch, router, wireless AP, Server, load balancer. (10M)
Ans:

Figure 1: Network symbols



7. A client connects to Internet through hostel cache which in turn connects to BITS cache. The ISP also deploys
its own transparent intercepting cache. The performance of these caching elements and origin servers is shown
below.

Hostel BITS ISP Origin Servers

Hit ratio 0.2 0.3 0.3 1
Latency 5ms 15ms 45ms 200ms

Calculate the expected cache hit ratio for the cache hierarchy. Also calculate the expected overall latency for
accessing a web resource. (12M)

Ans: Let h denote the cache hit ratio and t denote the latency.
Expected cache hit ratio = hhostel ` p1´ hhostelqhBIT S ` p1´ hhostelqp1´ hBIT SqhISP

= 0.2` 0.8ˆ 0.3` 0.8ˆ 0.7ˆ 0.3
= 0.608

Expected overall latency = hhostel ˆ thostel ` p1´ hhostelqhBIT S ˆ tBIT S

`p1´ hhostelqp1´ hBIT SqhISP ˆ tISP ` p1´ hhostelqp1´ hBIT Sqp1´ hISP q ˆ torigin

= 0.2ˆ 5ms` 0.24ˆ 15ms` 0.168ˆ 45ms` 0.392ˆ 200ms
= 90.56ms

8. The emerging technology trends in virtualization, CDNi and DCs can give rise to new network architectures.
Consider the indian scenario. Let us say that indian ISPs BSNL, Idea, Vodafone, Airtel built data centers with
the intention of providing amazon web services (AWS)-like on-demand computing resources. BSNL built the DC
in Bangalore, Idea in Mumbai, Vodafone in Chennai and Airtel in Noida. In addition, stand-alone DC operators
such as Tulip Telecom and Net4India also provide computing resources for hire. Tulip Telecom connects to NIXI
IXP at Bangalore; Net4India connects to NIXI ISP at Noida. The ISPs - BSNL, Idea, Vodafone, Airtel - connect to
NIXI IXP at four locations, namely Bangalore, Mumbai, Chennai and Noida. In this context, propose and draw the
cloud-CDN architecture that can created by using,
(a) Only the stand-alone DC operators - Tulip Telecom and Net4India.
(b) Using only the four ISPs.
(c) Using both the stand-alone DC operators and all four ISPs. (3 ˆ 5M = 15M)

Ans:
(a) Since the DC operators are available only at two locations, Bangalore and Noida, we can only deploy CDN

at these two locations. Based on prominence of user locations, the request router (RR - DNS/URL rewriting
engine) can be placed. If more users are clustered around Bangalore, the RR could be located in Bangalore;
otherwise Noida.
Since we have only two locations available for service nodes, the virtual machines must be more capable and
must be able to absorb the user traffic.

(b) This scenario is better than part-(a) in terms of service node foot print. The virtual service nodes can be
deployed in the DCs of all four ISPs. Since the user traffic is redirected to four locations now, we can hire
virtual machines with lower performance specification. Following similar arguements as stated in part-(a)
about the placement of RR, we can choose a location that is on average closer to most users.
On the performance front, the present scenario is not guaranteed to be better than part-(a). Because CDN
architecture, ISP network management, IXP, and lastly web application play a crucial role in the end perfor-
mance. The number and locations of service nodes alone can not guarantee a better performance.

(c) In this scenario, it makes sense to use Tulip Telecom or Net4India for request routing. We can still hire
low capacity virtual machines in the data centers of ISPs primarily to serve the needs of the customers of
the respective ISPs. High capacity service nodes can be deployed in stand-alone DC operators. If most
customers for the web application come from any of the four given ISPs, we can increase the capacity of the
service node in that ISP. With virtualization, such dynamic change in the capacity of service nodes is possible
and is also economical.



9. The calculation/prediction of distance between two hosts on Internet is useful in the context of P2P and CDN
networks. One system to help with this distance prediction is the Internet Distance Map service (IDMaps). A
sample figure given in fig. 2 illustrates the working of IDMaps.

Figure 2: IDMaps system architecture

Each network (thereby each host) of the Internet is assigned to a tracer that is close to the network. Tracers
measure their distance to allocated networks and report the results to HOPS server. Any host interested in
obtaining distance to another host sends a query to HOPS server. In the given figure, host A sends a query to
HOPS server for finding out the A to B distance (dAB). HOPS server estimates the distance using the equation
dAB « d1 ` d2 ` d3.
(a) Fill the following table.

Actual dAB d1 d2 d3 Estimated dAB Error = (Actual-Estimated)/Actual

d 0.5d 0 0.5d
d 0.3d 0 0.4d
d d 0 d
d 0.1d d 0.1d
d d d d

(b) Based on above table, comment on the accuracy of IDMaps scheme.
(c) Suggest changes to IDMaps to increase the accuracy of distance prediction. (3 ˆ 5M = 15M)

Ans:
(a) The performance of IDMaps for given scenarios is given below.

Actual dAB d1 d2 d3 Estimated dAB Error = (Actual-Estimated)/Actual

d 0.5d 0 0.5d d 0
d 0.3d 0 0.4d 0.7d 0.3
d d 0 d 2d -1
d 0.1d d 0.1d 1.2d -0.2
d d d d 3d -2

(b) IDMaps is most accurate when d1 and d3 are close to zero or negligible when compared with d2. Thus IDMaps
works best in scenarios where tracers are close to the end hosts.

(c) One solution is to introduce a hierarchy of tracers for each level of resolution. Levels are determined by
the distance of a host to a tracer. We can create tracers for large distances, medium distances and small
distances. Description of alternative proposals and merits of IDMaps can be learnt from
Paul Francis, Sugih Jamin, Vern Paxson, Lixia Zhang, Daniel Gryniewicz, and Yixin Jin, An Architecture for a
Global Internet Host Distance Estimation Service, Infocomm 1999.



10. A few of your course mates joined hands to implement a DTN using public transport facilities available in and
around BPGC and prominent locations in Goa. The corresponding DTN is shown in fig. 3.
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Figure 3: DTN scenario

Each link has an associated cost that is indicated in tuple notation <x,y>; x represents the cost of using the link.
Where ever y is a number, it indicates the frequency of bus transport, i.e., frequency of availability of the link. For
example, Madgaon and Panaji link is shown as < 35,30 > indicating that cost of using the link is 35 and the link
shall be available at times 6:00AM, 6:30AM, 7:00AM and so on. Where ever y = C, it indicates that the link can
only be utilized using a cab/taxi. Thus such a link is opportunistic in nature and will only be available if a cab goes
from one location to another location. Where ever y = W, it indicates that the link can only be utilized by walk.
Thus such a link is opportunistic in nature and will only be available if some student walks down the road.
Answer the following questions using the notations and conventions introduced in DTLSR algorithm.
(a) Ignoring cab transport, draw the equivalent graph at times 6:00AM and 6:30AM.
(b) Using 6:30AM graph, compute the shortest paths from Hostels to all other locations.
(c) A cab is scheduled to leave from BPGC Gate to Calangute at 7:00AM. If a bundle is to be sent from Hostels

to Panaji at 6:30AM, what would be the path taken by the bundle? (3 ˆ 5M = 15M)
Ans:
(a) In DTLSR algorithm, the cost of an edge is equal to sum of edge traversal cost and waiting time. The

equivalent graphs are shown in fig. 4.

(a) Graph at 6:00 AM (b) Graph at 6:30 AM

Figure 4: Time varying graph of DTN at various times



Figure 5: Spanning tree on DTN graph at 6:30AM with Hostels as source node

(b) The spanning tree computed on the graph shown in fig. 4b is shown in fig. 5.
(c) The cost of reaching Panaji from Hostels using graph shown in fig. 5 is 55. Because of the opportunistic cab

trip available at 7:00AM, another path from Hostels to Panaji becomes available at a path cost of 110. Since
the path using public transport is cheapest, bundle would be transferred along the path: Hostels, BPGC
Gate, MES Jn, Bogmalo Jn, Vasco, Panaji.

11. Draw the protocol machine for simple multiplexing protocol. (5M)
Ans:

Figure 6: protocol machine for SMP.



12. Draw the common network topology for a data center. (5M)
Ans:

Figure 7: Common network topology for a data center

13. Consider the following traceroute sequence.
Origin: 67.222.132.196 [network-tools.com]
Destination: 74.125.227.96 [google.com]
Path:

Hop IP Address Host name
1 8.9.232.73 xe-5-3-0.edge3.dallas1.level3.net
2 4.69.145.140 ae-3-80.edge2.dallas3.level3.net
3 4.59.36.14 google-inc.edge2.dallas3.level3.net
4 72.14.233.65 -
5 209.85.240.91 -
6 74.125.227.96 dfw06s16-in-f0.1e100.net
(a) Write the path in terms of host names. What is the advantage of specifying the path in terms of host names?

(4M)
(b) Specify the path in terms of addresses? What is an ideal way to specify the path? (4M)
(c) Is it valid to have a node without a name? Justify. (3M)
(d) Draw the DNS name hierarchy for the given set of names. (4M)

Ans:

(a) Path: network-tools.com, xe-5-3-0.edge3.dallas1.level3.net,
ae-3-80.edge2.dallas3.level3.net, google-inc.edge2.dallas3.level3.net,
dfw06s16-in-f0.1e100.net, google.com. Note that a path can be less detailed, i.e.,
xe-5-3-0.edge3.dallas1.level3.net, google-inc.edge2.dallas3.level3.net,
dfw06s16-in-f0.1e100.net is also a valid path.
Specifying path in terms of names flexibility in terms of multiple possible paths obtained through name reso-
lution. It is also possible to have late name to address binding thus giving flexibility on the path.

(b) Path: 67.222.132.196, 8.9.232.73, 4.69.145.140, 4.59.36.14, 72.14.233.65,
209.85.240.91, 74.125.227.96. A path can be specified either in terms of names or addresses. Path
traversal using names is slower because of the required name to address resolution. If a path is to be used
by machines, path specification in terms of addresses is ideal. On the other hand, if a path is to be used by
humans, path specification in terms of names makes more sense.

(c) It is valid to have a node without a name. The identity of a node is tied to its address - a rather rigid condition.
Anyhow, an address is nothing but a name optimized for machines.



(d)

Figure 8: Common network topology for a data center


