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RESEARCH OVERVIEW

Rajeev Rastogi has served as the principal investigator for research programs in the areas of high-performance
storage systems, data mining, XML publishing, and network management (program descriptions provided
below). In his role as principal investigator, he was responsible for (1) providing the vision and technical
direction for the programs, (2) generating intellectual property (e.g., filing patents and publishing research
papers), and (3) transferring technology to Lucent’s product units. His most recent project is the Bell Labs
Research Center in Bangalore, India, which he currently heads as Executive Director. He played a key
role in launching the center, recruiting the research staff for it, and defining the center’s research agenda
which includes network monitoring of VoIP and IPTV services, peer-to-peer naming services, and low-cost
networking technology to provide Internet connectivity to rural villages.



e DATABLITZ MAIN-MEMORY DATABASE SYSTEM. DataBlitz is a full-fledged database system with full
support for ACID transactions, storage management, and indices. DataBlitz has a novel architecture
in which application processes map the entire database into their virtual address space for speed. By
eliminating interprocess communication and exposing lower level APIs, DataBlitz enables applications
to perform lookups almost 80 times faster than most disk-based database engines available today. It
is for this reason that DataBlitz forms the core platform for many of Lucent’s wireline and wireless
switching products requiring microsecond response times for database accesses.

Datablitz provides application developers with a rich set of features — these include data replication
across geographically dispersed sites, data versioning protocols that enable non-blocking reads, code-
words to detect data corruption, and hot standby support to reduce downtimes for mission-critical
applications.

e CINEBLITZ CONTINUOUS MEDIA STORAGE SERVER. Time-sensitive applications like video require a
guaranteed transfer rate of data, which conventional storage servers are not designed to provide. The
CineBlitz storage server provides rate guarantees to video requests by keeping track of the available
disk and buffer resources, and admitting a request only if there are sufficient resources to service the
request. CineBlitz provides high overall throughput by reducing disk seek latency time, and eliminating
rotational latency incurred when accessing data on disk. It also employs disk striping algorithms to
uniformly distribute the workload across disks, and clever parity block placement strategies so that
disk failures do not disrupt video transmission.

e DATA MINING. We have developed novel algorithms and systems to discover interesting patterns in
call record data, Web server logs, etc. These include:

— CURE and ROCK scalable clustering algorithms. CURE can detect arbitrarily shaped clusters
(prior clustering algorithms focused on detecting primarily spherically shaped clusters) and the
ROCK system uses information on common neighbors to produce high quality clusters for cate-
gorical attributes.

— Algorithms for constructing decision trees with integrated building and pruning, and mining
frequent sequences in the presence of regular expression constraints.

— The XTRACT system which uses information-theoretic techniques to infer a meaningful DTD for
a database of XML documents.

— Data stream analysis algorithms. In a number of application domains (e.g., Telecom, network
monitoring, sensor networks, etc.), massive amounts of data arrive continuously in the form of a
stream. In such environments, memory and processing constraints dictate that query answering
engines can examine each element in the stream only once. We have devised novel single-pass
algorithms for (1) approximately answering general SQL queries on data streams using random-
izing techniques that compute small “sketches” of each stream, (2) estimating the cardinality of
general set expressions (using sketch-based techniques) over continuous update streams in small
space and time per update, (3) detecting Distributed Denial-of-Service (DDoS) attacks in real
time for large IP networks by continuously tracking the top-k destination IP addresses in terms of
network traffic, and (4) continuously tracking set-expression and quantile queries in a distributed
environment while minimizing the communication overhead between sites.

e XML FILTERING AND PUBLISHING. XML provides a self-describing, flexible mechanism for appli-
cations to exchange data. The X-Hub software supports a number of XML document processing
applications like content-based routing of XML data, XML filtering in publish/subscribe systems, and
XML data classification. X-Hub allows applications to specify parts of an XML document of interest
in terms of patterns expressed using the XML Path Language XPath. It then processes each incom-
ing XML document based on its matching patterns. In order to retrieve the set of XPath patterns
that match an input XML document, X-Hub employs a specially designed index structure for XPath
expressions. Furthermore, for scalability, X-Hub aggregates similar XPath patterns so that the total
number of XPath expressions is reduced. In addition to X-Hub, we have also developed systems for
publishing relational data in XML format conforming to a fixed DTD.

e NETWORK MANAGEMENT. Network management systems are responsible for ensuring that networks
operate smoothly and stay available, and that service quality meets customer expectations.



— Netlnventory auto-discovery engine. Knowledge of the “network map” is critical for a large num-
ber of network management tasks like fault and performance management, provisioning, traffic
engineering, etc. The NetInventory system automatically discovers network elements (including
unmanaged elements like hubs), and the physical and logical interconnections among them. Net-
inventory supports a wide range of Layer-2 technologies like Ethernet, ATM, and Frame Relay,
and a multitude of access protocols to extract information from network elements like SNMP,
TL1, CLI over modem/telnet, etc. NetInventory employs patented algorithms to infer Ethernet
topology more accurately than existing commercial products, and as a consequence, it is at the
core of a number of Lucent network management products and services.

— IP VPN provisioning. IP VPNs provide customers with predictable and secure network connec-
tions over a shared network. In the hose model for VPNs, each request specifies only aggregate
ingress and egress bandwidth requirements for each VPN endpoint (instead of point-to-point
bandwidth requirements). This has the advantages of flexibility, ease of specification, better
bandwidth utilization, and scalability. Specifically for the hose model, we have developed algo-
rithms for computing VPN paths for connecting VPN endpoints such that the total bandwidth
reserved on the paths to guarantee QoS is minimized. We have also proposed solutions for com-
puting near-optimal restoration topologies for VPNs, and optimal assignments of labels to VPN
paths when MPLS is used as the signaling protocol to connect VPN endpoints.

— OSPF and BGP protocol configuration. TP networks use the OSPF and BGP protocols, respec-
tively, for intra-domain and inter-domain routing. To simplify OSPF configuration, we have
devised a dynamic programming scheme for computing the optimal IP aggregates to be adver-
tized by each OSPF area so that the error in route computation (due to route aggregation) is
minimized. We have also developed algorithms that balance network load by controlling ingress
and egress network traffic through appropriate configurations of BGP policies at border routers.

— Network monitoring. In order to detect service quality problems in real time, we have developed
a passive probe device that can snoop on packets traversing a network link. Our passive probes
can be used to measure DNS and HTTP response times, VoIP and IPTV service quality, track
subscribers internet usage, and detect DDoS attacks. Our passive probes employ high-performance
packet capture cards, as well as advanced sampling and aggregation techniques, to scale to high-
speed GigE and 10 GigE links.

Passive probes are useful for troubleshooting since they help to segment the network. We have
devised algorithms for determining the optimal locations at which to place passive probes so that
the number of probes required is minimized (to keep probe infrastructure costs as low as possible),
and (1) performance anomalies like excessive link delay or loss can be quickly detected, and (2)
the problem link with the anomaly can be accurately identified.

We have also developed low-overhead software agents that run on mobile handsets, and collect a
wide range of performance statistics at the RF level (e.g., signal strength), and at the application
level (e.g., server response times and frequently accessed Web pages). These agents can also be
used by tech support staff to initiate tests remotely, and thus more accurately diagnose connectiv-
ity problems. A key challenge here is to ensure that our agents can run on a variety of embedded
operating systems (e.g., Symbian, Windows CE), and have very little impact on the activities of
mobile users.

PROFESSIONAL ACTIVITIES

Journal editorships

1. Associate Editor, IEEE Transactions on Knowledge and Data Engineering (TKDE), January 2001-
January 2005.

2. Guest Editor, IEEE Transactions on Knowledge and Data Engineering (TKDE) - Special Issue on
Online Analysis and Querying of Continuous Data Streams, 15/3, 2003.

3. Associate Editor, Knowledge and Information Systems (KAIS) Journal, October 2003-present.
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International Conference on Data Engineering (ICDE), 1996.

International Conference on Data Engineering (ICDE), 1997.
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ACM-SIGMOD 1998 International Conference on Management of Data, 1998.
IEEE Workshop on Research Issues in Data Engineering (ICDE), 1998.
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Workshop on Network-Related Data Management (NRDM), 2001.

WEBKDD Workshop, 2001.

International Conference on Data Engineering (ICDE), 2002.

SIAM International Conference on Data Mining, 2002.

Panels Chair, ACM-SIGKDD 2001 International Conference on Knowledge Discovery and Data Min-
ing, 2002.

International Conference on Data Warehousing and Knowledge Discovery, 2002.

ACM SIGACT-SIGMOD-SIGART Symposium on Principles of Database Systems (PODS), 2003.
Data Mining and Knowledge Discovery (DMKD) Workshop, 2002.

Fifth Workshop on Next Generation Information Technologies (NGITS), 2002.

Conference Co-Chair, SIAM International Conference on Data Mining, 2003.

WEBKDD Workshop, 2002.

International Conference on Data Mining (ICDM), 2002.

Tutorials Chair, Seventh Pacific-Asia Conference on Knowledge Discovery and Data Mining (PAKDD),
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Tenth International Conference on Database Systems for Advanced Applications (DASFAA), 2005.
Fifth SIAM International Conference on Data Mining, 2005.

Ninth Pacific-Asia Conference on Knowledge Discovery and Data Mining (PAKDD), 2005.
Conference Co-Chair, International Conference on Data Mining (ICDM), 2005.

2005 ACM Internet Measurement Conference (IMC), 2005.

International Conference on Mobile Ubiquitous Systems: Networking and Services (Mobiquitous), 2005.
ACM SIGCOMM 2005 Workshop on Mining Network Data (MinNet-05).

Sizth International Conference on Web-Age Information Management (WAIM), 2005.

Twelfth International Conference on Management of Data (COMAD), 2005.

Conference on Information and Knowledge Management (CIKM), 2005.

International Conference on Data Engineering (ICDE), 2006.

International Conference on Very Large Databases (VLDB), 2006.

SIAM International Conference on Data Mining, 2006.

ACM-SIGMOD 2006 International Conference on Management of Data, 2006.

International Conference on Mobile Ubiquitous Systems: Networking and Services (Mobiquitous), 2006.



69.
70.
71.
72.
73.
4.
75.
76.
7.
78.
79.
80.
81.
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Ph.D. thesis committees

1. Phil Bohannon. Rutgers University, New Jersey, 1999. Thesis: Fault resilience in main-memory
databases: Handling process halting failure and data corruption.

2. Jun Rao. Columbia University, New York, 2000. Thesis: Advanced query processing.

3. Edwin Knorr. University of British Columbia, Vancouver, 2002. Thesis: Outliers and data mining:
Finding exceptions in data.

4. Jingren Zhao. Columbia University, New York, 2000. Thesis: Architecture-sensitive Database Query
Processing.
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(SDM’2001), Chicago, Illinois, April 2001.
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In ACM-SIGKDD 2002 International Conference on Knowledge Discovery and Data Mining, 2002.
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In Proceedings of the Very Large Database Conference (VLDB), Hong Kong, 2002.
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1. S. Cha, P. Anandan, M. Hsu, C. Mohan, R. Rastogi, V. Sikka and H. Young. Globalization: challenges
to the database community. In Proceedings of the Very Large Database Conference (VLDB), Seoul,
2006.
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