Mentor: Sourav Kr. Dandapat (Projects 1-3)
1. Exploiting heterogeneity in WLAN
According to the capabilities of wireless devices they are categorized as
Type1:Bluetooth enabledType 2: WiFi enabledType 3: both Bluetooth and WiFi  enabled.
Our objective is to build a prototype where different kind of devices can interact among themselves. If two devices of same type want to communicate, then it becomessimple;otherwise it needs conversion.Suppose a Type1 device wants to communicate to Type3device. In pathof this communication, it must go through a Type2 device. Type2 devicereceives a Bluetooth communication, convert the format according toWiFi and sends it to Type3 device.
2. Localization in wireless network
Localization is a method of finding location. For wireless devices,some time it becomesvery important to know its location. It may behelpful to reach a destination, hugely usedin sensor network tocooperate and collect data.In this project, we want to compare different localization methods (atleast 4 methods:including both indoor and outdoor localizationmethod) through simulation.Study their power requirement and limitations.


3. Distributed trust and incentive scheme for collaborative network.
For content distribution in wireless network, collaboration is veryimportant. Oneimportant question is to whom one should collaborate?Due to the unavailability of central server some distributedtechniques become necessary in many situations such as to fightagainst attack and security breach.
In this project, we want to study several existing trust and incentivemechanism and want to propose a new trust and incentive scheme.
Mentor: Saptarshi Ghosh (Projects 4-7)
4. Studying transportation networks in India from a Complex Network Perspective
The structure and efficiency of transportation networks are of primary importance in the economic development of any country.In this term project, we shall analyze the structure of the Indian Railway network and the network of highway-roads in India, using tools of Complex Network Theory. This will involve collection of relevant data and comparative analysis of the two networks.
5. Studying various node attachment policies in bipartite networks
Several real-world systems can be modeled and analyzed as bipartite networks where an active set of entities selectively associate with a passive set of entities; some examples are
- membership of users in groups in Online Social Networks (e.g. Facebook groups),where the users (active entities) become members of groups (passive entities)
- railway systems, where trains (active entities) stop at some selected stations (passive entities)
We model such systems as: when active entity x associates with passive entity y, we put an edge (x,y) in the bipartite graph.In such systems, an interesting and important aspect is: how do the active nodes decide which passive node to attach with (i.e. create edges with)? In this project, we shall study different mechanisms of node attachment policies through simulation. We shall also see which policy best matches with various empirical data (e.g. we have user-group membership data of several Online Social Networks, train-station data of Indian Railway Network, etc).
6. Data-Collection and Analysis on Online Folksonomies
Several online social systems (e.g. Flickr, Delicious) are folksonomies where 'users' annotate 'resources' with 'tags' e.g. a user in Flickr can tag a photo of Sachin Tendulkar with the words 'Tendulkar', 'cricket', 'batsman', etc. Such collaborative tagging helps in automatic classification of resources and helps in searching for the resources e.g. when a user is searching for an image of Sachin Tendulkar, a good answer for his query would be a photo which many other users have tagged with 'Tendulkar'.
In this project, we aim to analyze the structure of online folksonomies (the term folksonomy is explained in the project above). This will involve designing a crawler for large-scale collection of data from the Flickr website (a very popular photo-sharing folksonomy) and analysing the topological properties of the network. Knowledge of Python programming language will be useful for this project, since Flickr gives a  good Python API for crawling.
7. READING PROJECT: Community Detection in Folksonomies
A community in a network refers to a group of 'similar' nodes, where similarity is defined by different people in different ways, but with the underlying assumption that similar nodes with have more edges among themselves and hence will form a densely-connected sub-graph in the network. For instance, close friends are expected to form a community in an online social network like Facebook.
Finding communities in folksonomies (this term is explained in the project above) in an interesting and challenging problem which is currently under active research. In this reading project, we shall study and compare different methods proposed to find communites in folksonomies, and the various use of such methods (e.g. in recommending friends and resources to users).
Mentor: Parantapa Bhattacharya (Projects 8-11)
Introduction

For all of the following networks generate the graph. Observe the degree distribution,clustering coeﬃcients, spectral phenomena, and other network properties for thenetworks. Check for cycles in the graph. If they exist explain theiroccurrence and eﬀects.

8. Header Files Network

C header ﬁles include other header ﬁles. Create a digraph with header ﬁles asvertices. There exists a directed edge A to B if header ﬁle A includes headerﬁle B. Generate the header ﬁle network for all header ﬁles in the /usr/includedirectory. The program written for extracting the network should work on anyfolder with header ﬁles in them.

9. Shared Libraries Network

Shared libraries in GNU+Linux systems (.so ﬁles) can use or link to other sharedlibraries. Create a digraph with shared library ﬁles as vertices. There exists adirected edge from A to B if the shared library A links to shared library B.Generate the shared libraries network for all shared libraries in /lib /lib32and /lib64 directories.

[parantapa@osiris: ta-duty]$ ldd /lib/libglib-2.0.so.0

linux-vdso.so.1 => (0x00007fffedbff000)

libpcre.so.3 => /lib/libpcre.so.3 (0x00007f00b45a0000)

libc.so.6 => /lib/libc.so.6 (0x00007f00b423f000)

/lib64/ld-linux-x86-64.so.2 (0x00007f00b4ac7000)

10. Package Dependency Network

Package management softwares such as apt, yum use an internal database tomanage dependencies among software packages. Create a digraph with packagesas vertices. There exists a directed edge form A to B if package A dependson package B. Generate the package dependency network for all packages inthe Debian Lenny main, contrib, and non-free repository and Fedora 12fedora and fedora-updates repository.The aptitude command in Debian and yum in Fedora can show package information which includes dependencies. But for the project you need to download the whole repository metadata for program input.

[parantapa@osiris: ta-duty]$ aptitude show build-essential

Package: build-essential

...

Version: 11.5

...

Depends: libc6-dev | libc-dev, gcc (>= 4:4.4.3), g++ (>= 4:4.4.3), make,

dpkg-dev (>= 1.13.5)

Description: Informational list of build-essential packages

...

11. Function Call Graph

Create the function call graph for the Linux 2.6.37 kernel source code and thegcc 4.6 source code. Use each function as a vertex. There exists a directed edgebetween function A and B if function A calls function B. Use a name manglingscheme for functions with same name in diﬀerent ﬁles.

Mentor: Rishiraj Saha Roy (Projects 12-17)
QUERY LOG RELATED ASSIGNMENTS
12. A study of word co-occurrence networks from natural language text.

Complex networks can be found everywhere, even among the words in natural languagecorpora. In this assignment, you will study the properties of word co-occurrence networks

(NWCN, N denotes natural language). Every unique word is a node in this network, and two nodes share an edge if they co-occur in a sentence in a document. Edge weightsare defined to be the number of times of co-occurrence. We wish to observe the degreedistribution, clustering coefficients, spectral phenomena and other network properties ofthe NWCN. We will be using the EuroParl English corpus for our experiments.

13.  A study of word co-occurrence networks from query logs. 
The WCN isdefined in a similar fashion as in the previous assignment, but in this case a documentconsists of a single query. We call it a QWCN. Every unique word from a large Web searchquery log is a node. There is an edge between two nodes if they co-occur in a query, withthe edge weight being the number of queries they co-occur in. We compute the sameproperties for this network as for the NWCN. The goal is to compare the properties of theNWCN and the QWCN and make interesting inferences. We will use the AOL query log asour experimental dataset.

NOTE: Groups for Term Projects 12 and 13 will work in close collaboration.

14. A comparison of the query network as obtained by projections from twodifferent bipartite networks. 
In our Web search query logs, we have queries, their clickedURLs, and the corresponding click counts. We can define a QW (Query-Word)-bipartitenetwork that have all unique queries in one partition and all unique words in the otherpartition. An edge exists between a query and a word if the word is contained in thequery. The edge weight is the number of times the word occurs in the query, and hence,ismostly one in value. We can obtain a projection of this QW-network using a 2-steprandom walk, yielding a QQ-network. Similarly, we can define a QU (Query-URL)-bipartitenetwork that has all unique queries in one partition and all unique URLs in the other.An edge exists between the two partitions, i.e. between a query and a URL, if the URL isclicked for the query. Edge weights are the respective click counts. A projection of thisQU-network will also give us a QQ-network. We wish to observe interesting similaritiesand differences in the QQ-network properties as obtained from the two independentprojections. We will use the AOL query log as our experimental dataset.

15. A comparison of the clustering of the query network as obtained by projections from two different bipartite networks.
This task overlaps partially with the previous term project. After we obtain the QQ-networks by the two methods, we implement a graph clustering scheme to cluster the respective networks. The challenge is to gain insights from the comparison of the two sets of clusters.

NOTE: Groups for Term Projects 14 and 15 will work in close collaboration.

16. Developing software to collect Web search data.

You have to build a tool which will record Web search related information for queries issued by the users who wish to install it. It will be triggered whenever the user opens a search engine page (Google or Bing, for the time being). It then notes down the search query, the clicked URL (if any), the rank of this page in the list of search results and the query time. It will store this information in a tab separated format in a text file which will be periodically sent to a central server. The server will maintain these logs in large text files containing one million entries each. No personally identifiable information must be recorded.
17. Reading assignment. A review of graph-based techniques in natural language parsing.

Graph-based techniques seem to hold great promise in discovering a structure in queries, which till now, are largely considered to be bags-of-words. However, such techniqueshave been successfully applied in the field of natural language processing. Examplesinclude techniques to build projectivity trees, dependency trees and constituency treesfor natural language grammars. The task in this reading assignment is to perform acomprehensive study of the past work done in this field. More specifically, you have tosummarize papers which have used graph-based techniques in natural language parsing,and identify if there exist works that have used them in unravelling a structure in queries.

Mentor: Joydeep Chandra (Projects 18-21)
18. Study of the Online News Article Network
For a set of online news article, we can consider two articles as related if they share some tags. Crawl any news website like www.timesofindia.com. Create a network of newsarticle nodes, where an edge will exist between two news articles nodes if they shareone or more tags. The number of tags they share forms the weight of that link. Furtherassociate a strength value to each of the nodes, where the strength value is a measure ofpopularity that can be considered as the number of comments it has received. Study thevarious properties like degree and strength distribution, weighted clustering coefficient,assortativity, centrality, modularity etc. and try to comment on the insights obtained fromeach of these measures.

Reference:

A. Barrat, M. Barthélemy, R. Pastor-Satorras, and A. Vespignani, The architecture of

complex weighted networks, PNAS 2004 101: 3747-3752.

19. Network of Bloggers
Build a network of bloggers, who comment on the news articles published in leading online newspapers based on their ID and location. Consider 2 bloggers as connectedif they have posted their comments on the same news article. The weight of the linkbetween two bloggers is determined by the number of news articles in which both hascommented.

1. Build the network and study the properties of the weighted network mentioned in the reference network and try to draw interesting insights.

2. Since the news articles contain the time at which a blog has been posted, study the growth of the blog network. Further try to comment about the growth ofthe network observed for the popular news articles for various categories like

politics, sports, entertainment, lifestyles etc.

3. Collect the bloggers information for Indian, Chinese and US newspapers and compare the various properties of the networks and state the insights that can beobtained.

Reference:

A. Barrat, M. Barthélemy, R. Pastor-Satorras, and A. Vespignani, The architecture of

complex weighted networks, PNAS 2004 101: 3747-3752.

20. The Amazon Referral Network
Crawl the books.amazon.com website. In every book information page you will find alink that states “Customers Who Bought This Item Also Bought”, followed by the linksto the books. Build a network of these books, where an edge between two books exists ifone of them is liked by the reader of the other.

1. Study the properties of the network thus formed and state the interesting insights drawn from the study.

2. Further crawl for suitable information that might also answer these questions like,

a. Will a book likely to be popular if any one of its author is popular?

b. Books co-authored by popular authors are likely to be more popular than books written by a single popular author?

c. Discuss the assortativity properties of the co-author networks measured in terms of the author’s popularity.

Note: One measure of popularity can be the weighted average of the ratings obtained from the reviewers.

Reference: M.E.J. Newman, The Structure and Function of Complex Networks. SIAM

Review 45, 167-256 (2003)

21. Survey: Survey on Dynamic Network Analysis.
Do an elaborate survey on Dynamic Network Analysis. You should be able to identify the problem areas that require DNA, the challenges involved and why traditional social network analysis fails in these situations, the identified problem areas and the issues being worked upon in this area and the solutions proposed. Remember you have to prepare a wiki page and also an elaborate report of around 20 pages on this topic.
Reference:

http://www.chronicdisease.org/files/public/2009Institute_NA_Track_Carley_2003_dynamicnetwork.pdf
Mentor: Rajib Maiti (Projects 22-23)
22. Comparative analysis of performance of SIRS epidemics for different mobility models:

Information spreading in DTN using OA(omni-directional antenna) and DA(directional antenna) where mobility model is RW and group with a single source (broadcasting in particular). 
   -- comparative analysis of the improvements or degradation of results of OA and DA.
 
23. Modeling Human daily life mobility pattern and information spreading on such mobility model using SIRS epidemics:

Generating human mobility pattern ( random mobility pattern, super preferential mobility pattern, group mobility pattern) : given a set of popular places and a number of agents. referring paper of SLAW(self-similar least action walk). 

Mentor – Animesh Srivastava (Projects 24-26)

The interconnection among real-world networks such as Internet or Online Social Networks (OSNs) are not random. The connections emerge due to the needs and it is difficult to understand the dynamics in such network. Moreover these networks are frequently attacked and DDoS, Sybil attacks are no more a rare scenario. Some of these attacks can be studied by the removal of nodes from the network while others can be modeled by the removal of edges from the network. For example, if a client gets denial-of-service message from the server then it can be considered that the edge between the client and the server has been removed. In case of OSNs, if a link between two profiles is removed then the flow of ideas in the OSN is hampered. In this project we will try to analyze the impact of edge removal on the real-world networks such as Internet, Facebook. We will also try to understand the impact of node removal and edge removal on the interconnections among the nodes of these networks (which can be measured by the assortativity of the network after the attack). The whole work is broken down into the following two term projects

24. Analyzing the impact of edge removal attack (bond percolation) on the real-world networks e.g. Internet, Facebook etc.

25. Analyzing the impact of node removal strategies on the assortativity of the real-world networks e.g. Internet, Facebook etc.

It has been found that some networks are robust to some attacks (node removal and edge removal) whereas other networks are highly fragile to the same attacks. To understand such behaviour, we need to find the underlying properties of these networks that influence the resilience of the networks. Graph spectra analysis is a mathematical tool to determine properties such as rank, largest eigen value etc of a graph. Using these we will try to identify the properties and their critical values that determine the resilience of the network.

26. Studying the spectral graph properties of real-world correlated networks e.g. Twitter and Facebook.

Mentor Maunendra De Sarkar  (projects 27-28)
27.  Suggesting friends in a social network
Let G = (V;E) be a social network graph. The nodes in V denote the users. Presence of an edge between u and v implies that u and v are friends of each other. Given such a social network graph, devise a method for recommending friends to the users.

Problem formulation:

The task can be modeled as either a classification or a ranking problem. 
28.  Predicting positive and negative links in a social network

Let G = (V;E) be a graph where edges are labeled with signs: positive or negative. Given a graph G, ¯nd the labels of the edges eij such that eij [image: image1.emf]E. From a social network perspective, a +ve edge may represent trust and - ve edge may represent distrust relationship.
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