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I am a Records Request Processor at the Internet Archive. I make this declaration
of my own personal knowledge.

The Internet Archive is a website that provides access to a digital library of Internet
sites and other cultural artifacts in digital form. Like a paper library, we provide
free access to researchers, historians, scholars, and the general public. The Internet
Archive has partnered with and receives support from various institutions,
including the Library of Congress.

The Internet Archive has created a service known as the Wayback Machine. The
Wayback Machine makes it possible to browse more than 450 billion pages stored
in the Internet Archive's web archive. Visitors to the Wayback Machine can search
archives by URL (i.e., a website address). If archived records for a URL are
available, the visitor will be presented with a display of available dates. The visitor
may select one of those dates, and begin browsing an archived version of the Web.
Links on archived files in the Wayback Machine point to other archived files
(whether HTML pages or other file types), if any are found for the URL indicated
by a given link. For instance, the Wayback Machine is designed such that when a
visitor clicks on a hyperlink on an archived page that points to another URL, the
visitor will be served the archived file found for the hyperlink’s URL with the
closest available date to the initial file containing the hyperlink.

The archived data made viewable and browsable by the Wayback Machine is
obtained by use of web archiving software that automatically stores copies of files
available via the Internet, each file preserved as it existed at a particular point in
time.

The Internet Archive assigns a URL on its site to the archived files in the format
http://web.archive.org/web/[ Year in yyyy][Month in mm][Day in dd][Time code in
hh:mm:ss]/[Archived URL] aka an “extended URL”. Thus, the extended URL
http://web.archive.org/web/19970126045828/http://www.archive.org/ would be the
URL for the record of the Internet Archive home page HTML file
(http://www.archive.org/) archived on January 26, 1997 at 4:58 a.m. and 28
seconds (1997/01/26 at 04:58:28). The date indicated by an extended URL applies
to a preserved instance of a file for a given URL, but not necessarily to any other
files linked therein. Thus, in the case of a page constituted by a primary HTML file
and other separate files (e.g., files with images, audio, multimedia, design
elements, or other embedded content) linked within that primary HTML file, the
primary HTML file and the other files will each have their own respective extended
URLSs and may not have been archived on the same dates.

Attached hereto as Exhibit A are true and accurate copies of browser screenshots of
the Internet Archive's records of the archived files for the URLs and the dates
specified in the attached coversheet of each printout.
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7. Attached hereto as Exhibit B are true and accurate copies of printouts of the
Internet Archive’s records of the archived files for the URLs and the dates
specified in the attached coversheet of each printout.
8. Ideclare under penalty of perjury under the laws of the United States of America
that the foregoing is true and correct.
o [ q. D
paTE. 081672024 Nethawiel Frank-White
Nathaniel E Frank-White
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JURAT ATTACHMENT

A notary public or other officer completing this certificate verifies only the identity of the individual who signed
the document to which this certificate is attached, and not the truthfulness, accuracy, or validity of that

document.
STATE OF _ Texas }
COUNTY OF __ Harris }

The foregoing instrument was subscribed and sworn before me this date of
08/16/2024 , by _Nathaniel Frank-White

This notarial act was an online notarization.

-, ANA LAURA SALAZAR URIBE

ELECTRONIC NOTARY PUBLIC
STATE OF TEXAS

S NOTARY ID: 131757026

" _COMISSION EXP: OCT 11, 2026

Ao Zona. Babigpn Uuihe

Notary’s Signature

Registration No.: 131757026

Commission Expiration Date: October 11, 2026
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EXHIBIT A
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Papers

The University of Virginia Information Retrieval Group

Presentations | Posters
Journal Articles | Articles & Talks | Conference Papers
Unrefereed Papers | Graduate Works | Undergraduate Theses

Journal Articles
top

French, I. C., A. C. Chapin, W. N. Martin
"Multiple Viewpoints as an Approach to Digital Library Interfaces," Journal of the American Society for Information Science and Technology (to appear).

Powell, A. L. and J. C. French
"Comparing the Performance of Collection Selection Algorithms,"" ACM Transactions on Information Systems, vol. 21, no. 4, October 2003, pp. 412-456
PDE

French, I. C., A. L. Powell, F. Gey, N. Perelman
"Exploiting Manual Indexing to Improve Collection Selection and Retrieval Effectiveness" Information Retrieval, vol. 5, no. 4, October 2002, pp. 323-351.
PDF

French, J. C. and A. L. Powell
"Metrics for Evaluating Database Selection Techniques," World Wide Web, Vol. 3, no. 3, November 2000, pp.153-163
postscript

French, I. C., A. L. Powell, E. Schulman
"Using Clustering Strategies for Creating Authority Files" Journal of the American Society for Information Science
PS version

French, I. C., C. L. Viles
" Personalized Information Environments: An Architecture for Customizable Access to Distributed Digital Libraries " D-Lib Magazine, vol. 5 no. 6 (June 1999).

Viles, C. L. and J. C. French
"Content Locality in Distributed Digital Libraries," Information Processing and Management, vol 35, no. 3 (May 1999), pp 317-336.

Schulman, E., T. C. French, A. L. Powell, G. Eichhorn, M. J. Kurtz and S. S. Murray
"Trends in Astronomical Publication between 1975 and 1996" Publications of the Astronomical Society of the Pacific, vol. 109 (Nov. 1997), pp. 1278-1284.

French, J. C.,D. E. Brown, and N. H. Kim
"A Classification Approach to Boolean Query Reformulation" Journal of the American Society for Information Science, vol. 48, no. 8 (August 1997), pp. 694-706.

Kim, N. H., J. C. French, and D. E. Brown
"Development of New Retrieval Performance Measures for Query Reformulation Algorithms" Transactions of the Korean Information Processing Society, vol. 4, no. 4 (April
1997), pp. 963-972.

Kim, N. H., D. E. Brown, and J. C. French
"Time Complexity Analysis of Boolean Query Formulation Algorithms" Transactions of the Korean Information Processing Society, vol. 4, no. 3 (March 1997), pp. 709-719.

French, I. C.,J. C. Knight, and A. L. Powell
"Applying Hypertext Structures to Software Documentation" Information Processing and Management, vol. 33, no. 2 (March 1997), pp. 219-231.
PS version
PDF version

French, J. C. and C. L. Viles
"Ensuring Retrieval Effectiveness in Distributed Digital Libraries" ournal of Visual Communication and Image Representation, vol. 7, no. 1 (March 1996), pp. 61-73.

French, I. C., E. Fox, K. Maly, A. Selman
"Wide Area Technical Report Service: Technical Reports Online” Communications of the ACM, vol. 38, no. 4 (April 1995), pp. 45.
via ACM DL

Viles, C. L. and J. C. French
"Availability and Latency of World Wide Web Information Servers" Computing Systems, vol. 8, no. 1 (1995), pp. 61-91.
PS version

Heyman, B. L., J. C. French, and G. L. Bull
"The Library Access, Search and Retrieval Pilot Project for the Global Change Data and Information System" Library Hi Tech, issue 49-50, vol. 13 no. 1-2 (1995), pp. 19-21.

French, I. C.
"DIRE: An Approach to Improving Scientific Communication" Information and Decision Technologies, vol. 19 (1994), pp. 527-541.

Conference Papers
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"Improving Image Retrieval Effectiveness via Multiple Queries," First ACM International Workshop on Multimedia Databases (ACM-MMDB 2003), New Orleans, Louisiana,
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French, I. C., J. V. S. Watson, X. Jin and W. N. Martin
"An Exogenous Approach for Adding Multiple Image Representations to Content-Based Image Retrieval Systems", Seventh International Symposium on Signal Processing and
its Applications (ISSPA 2003), Paris, July 1-4, 2003.
PDF

French, J. C, A. C. Chapin and W. N. Martin
"Multiple Viewpoints: A Strategy for Searching Multimedia Content," Workshop on Multimedia Content in Digital Libraries Chania, Crete, Greece, June 2-3, 2003.

French, J. C., A. C. Chapin and W. N, Martin,
"An Application of Multiple Viewpoints to Content-Based Image Retrieval," Joint Conference on Digital Libraries (JCDL 2003), Houston, Texas, May 27-31, 2003.
PDF

French, I. C., J. V. S. Watson, X. Jin and W. N. Martin,
"Integrating Multiple Multi-Channel CBIR Systems," International Workshop on Multimedia Information Systems (MIS 2003), Ischia, Italy, May 26-28, 2003, pp. 85-95.
PDE

French, JIC
"Modeling Web Data," Joint Conference on Digital Libraries (JCDL'02), Portland, OR, July, 2002, pp. 320-321.
PDF

Monroe, G. A., J. C. French and A. L. Powell,
"Obtaining Language Models of Web Collections Using Query-Based Sampling Techniques," Hawaii International Conference on System Sciences (HICSS-35): Data Mining and
Information Retrieval, Jan. 2002 (to appear).
PDF version

Hauver, D. B. and J. C. French,
"Flycasting: Using Collaborative Filtering to Generate a Playlist for Online Radio," International Conference on Web Delivery of Music, Florence, Italy, Nov. 2001 (to appear).
s

French, I. C., A. L. Powell, F. Gey, N. Perelman,
"Exploiting A Controlled Vocabulary to Improve Collection Selection and Retrieval Effectiveness," Tenth International Conference on Information and Knowledge Management
(CIKM 2001), Nov. 2001 (to appear).
PS version

French, I. C. and D. B. Hauver,
"Flycasting: On the Fly Broadcasting," Joint DELOS-NSF International Workshop on Personalization and Recommender Systems in Digital Libraries, Dublin, Ireland, June 18-
20, 2001, pp. 89-93.
PDF version

Powell, AL.,J. C. French, J. Callan, M. Connell, and C. Viles
"The Impact of Database Selection on Distributed Searching", 23rd ACM Confrence on Information Retrieval, SIGIR 2000.
PS version

Powell, A.L. and J. C. French
"Growth and Server Availability of the NCSTRL Digital Library", Fifth ACM Conference on Digital Libraries, DL 2000.
PS version
PDF version

Dushay, N., J. C. French and C. Lagoze
"Predicting Indexer Performance in a Distributed Digital Library", European Conference on Digital Libraries, Paris, France, September 1999.
PS version

French, J. C. and A. L. Powell,
"Metrics for Evaluating Database Selection Techniques," Proc. Tenth International Workshop on Database and Expert Systems Applications (DEXA'99), Florence, Italy, Sept.
1999, pp. 726-730.
PS version
PDF version

Dushay, N.,J. C. French and C. Lagoze
"Using Query Mediators for Distributed Searching in Federated Digital Libraries", Proc. Fourth ACM Conference on Digital Libraries, Berkeley, CA, August 1999, pp. 171-178.
PDF version

Sharretts, C. and J. C. French
"Electronic Theses and Dissertations at the University of Virginia Library," Proc. Fourth ACM Conference on Digital Libraries, Berkley, CA, August 1999, pp. 246-247.
PS version
PDF version

French, J. C., A. L. Powell, J. Callan, C. L. Viles, T. Emmitt, K. J. Prey, Y. Mou
"Compairing the Performance of Database Selection Alogrithms" Proc. 22st International Conference on Research and Development in Information Retrieval (SIGIR'99),
Berkley, CA, August 1999, pp. 238-245.
PS version
PDF version

Ganti, V., R. Ramakrishnan, J. Gehrke, A. Powell, I. French
"Clustering Large Datasets in Arbitrary Metric Spaces" Proc. 15th International Conference on Data Engineering (ICDE'99), Sydney, Australia, March 1999
PS version
PDF version

French, J. C., A. L. Powell, C. L. Viles, T. Emmitt and K. Prey
"Evaluating Database Selection Techniques: A Testbed and Experiment" Proc. 21st International Conference on Research and Development in Information Retrieval (SIGIR'98),
Melbourne, Australia, August 1998.
PS version
PDF version
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French, I. C., A. L. Powell, and W. R. Creighton III UIPATH EXHIBIT 1025
"Efficient Searching in Distributed Digital Libraries" Proc. 3rd ACM International Conference on Digital Libraries (DL'98), Pittsburgh, PA, June 23-26, 1998.
PS version



PDF version

French, J. C., A. L. Powell and E. Schulman
"Applications of Approximate Word Matching in Information Retrieval," Proc. 6th International Conference on Information and Knowledge Management (CIKM'97), Las Vegas,
Nevada, Nov. 1997, pp. 9-15.
PS version
PDF version
HTML Slide Show of Presentations

French, I. C., A. L. Powell, E. Schulman and J. L. Pfaltz
"Automating the Construction of Authority Files in Digital Libraries: A Case Study," Proc. First European Conference on Research and Advanced Technology forDigital Libraries
(ECDL'97), Lecture Notes in Computer Science 1324, C. Peters and C. Thanos (eds.), Springer-Verlag, Pisa, 1-3 September 1997, pp. 55-71.
PS version
PDE version
HTML Slide Show of Presentation

Powell, A. L., J. C. French and J. C. Knight
"A Systematic Approach to Creating and Maintaining Software Documentation”
Proc. 1996 ACM Symposium on Applied Computing (SAC 96), Philadelphia, PA, Feb. 1996, pp. 201-208.
PS version
PDF version

Barros, I. E., J. C. French, W. N. Martin, P. Kelly, and M. Cannon
"Using the Triangle Inequality to Reduce the Number of Comparisons Required for Similarity-Based Retrieval” Electronic Imaging '96, Storage and Retrieval for Image and
Video Databases IV, San Jose, CA, (Feb. 1996), 392-403.

Viles, C. L. and I. C. French
"On the Update of Term Weights in Dynamic Information Retrieval Systems" Proc. 4th International Conference on Information and Knowledge Management (CIKM'953),
Baltimore, Maryland, Nov. 1995, pp. 167-174.
via ACM DL

Barros, I. E., I. C. French, and W. N. Martin
"Trading Efficiency for Effectiveness in Similarity-Based Indexing for Image Databases" in Digital Image Storage and Archiving Systems, C.-C. Jay Kuo, Editor, Proc. SPIE
2606 (1995). pp. 276-287.

Viles, C. L. and J. C. French
"Dissemination of Collection Wide Information in a Distributed Information Retrieval System" Proc. 18th International Conference on Research and Development in Information
Retrieval (SIGIR'95), Seattle, WA, July 1995, pp. 12-20.
PS version

Barros, I. E., J. C. French, W. N. Martin, and P. Kelly
"System for Indexing Multispectral Satellite Images for Efficient Content-Based Retrieval" in Storage and Retrieval for Image and Video Databases III, W. Niblack, R. C. Jain,
editors, Proc. SPIE 2420, Feb. 1995, pp. 228-237.
PS version

Maly, K., I. C. French, A. Selman, E. A. Fox
"Wide Area Technical Report Service" Proc. 2nd International World Wide Web Conference, WWW'94 Oct. 1994, pp. 523-533.

Barros, I. E., J. C. French, W. N. Martin, P. Kelly, and J. M. White
"Indexing Image Databases for Content Based Retrieval” in Image and Information Systems: Applications and Opportunities (23rd AIPR Workshop), Proc. SPIE 2368, Oct. 1994,
pp. 25-36.
PS version

Kim, N. H., J. C. French and D. E. Brown
"Boolean Query Reformulation with the Query Tree Classifier" in Advances in Classification Research, vol. 4, Learned Information, 1994, pp. 123-138.

French, J. C.
"An Environment for Passively Sharing Information" Proc. International Space Year Conference on Earth and Space Science Information Systems, Feb. 1992, pp 632-637.

Invited Articles and Talks
top

Powell, A. L. and J. C. French
"Using Multiple Views of a Document Collection in Information Exploration”" CHI'98 Workshop on Innovation and Evaluation in Information Exploration Interfaces, Los
Angeles, CA, April 19, 1998.

Powell, A. L. and J. C. French
"Using Topic Information to Improve Access to Scientific Document Collections" SIGIR Workshop on Summarization and Visualization for IR: Reducing the Information
Overload, Philadelphia, PA, July 31, 1997.

French, J. C.
"Database Support for Correlation and Fusion Algorithms" Workshop on Data Mapping and Matching, NASA CESDIS, Goddard Space Flight Center, Greenbelt, MD, Nov. 7,
1996.

French, I. C.
"Networked Computer Science Technical Reports Library" SURA Workshop on Electronic Theses and Dissertations, Charlotte, NC, August 1-2, 1996.

French, I. C.
"Networked Computer Science Technical Reports Library" Dagstuhl Workshop on Networked Information Systems: Discovery, Retrieval, Dissemination, Saarbrucken, Germany,
Feb. 26 - Mar. 1, 1996.

French, J. C. 8/28 IPR2024-01306
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"Library Access, Search, and Retrieval (LASR) Pilot" GCDIS Subgroup of the CENR Task Force on Observations and Data Management, Data Management Working Group of
the U.S. Global Change Research Program, Washington, DC, March 14, 1996.

French, I. C.
"Library Access, Search, and Retrieval (LASR) Pilot" Data Management Working Group of the U.S. Global Change Research Program, Washington, DC, March 14, 1996.

French, J. C. and C. Lagoze
"Networked Computer Science Technical Reports Library" Dagstuhl Workshop on Networked Information Systems: Discovery, Retrieval, Dissemination, Saarbrucken, Germany,
Feb. 26 - Mar. 1, 1996.

Lagoze, C. and J. C. French
"Networked Computer Science Technical Reports Library" ACM Computing Week, Philadelphia, PA, Feb. 16, 1996.

French, I. C.
"Networked Computer Science Technical Reports Library" CRA Board of Directors, Washington, DC, Dec. 12, 1995.

French, I. C.
"Library Access, Search, and Retrieval (LASR) Pilot" Global Climate Data and Information System (GCDIS) Data Center Workshop, Oak Ridge, TN, Sept. 12-14, 1995.

Unrefereed Publications
top

Prey, Kevin; J. C. French; Allison L. Powell; Charles L. Viles
"Inverse Document Frequency and Web Search Engines" Technical Report CS-2001-07, February 5, 2001,
PS version

O'Neil, Edward K.; J. C. French
"A Description of the LAMBWeb-Derived Language Model Builder," Technical Report CS-2000-31, May 16, 2000.
PS version

Monroe, Gary A.; David R. Mikesell; I. C. French
"Determining Stopping Criteria in the Generation of Web-Derived Language Models," Technical Report CS-2000-30, May 10, 2000.
PS version

Srinivasa, R., T. Phan, N. Mohanraj, A. L. Powell and I. C. French,
"Database Selection Using Document and Collection Term Frequencies," Technical Report CS-2000-32, Dept. of Computer Science, University of Virginia, May 2000.

Callan, J., A. L. Powell, J. C. French and M. Connell,
"The Effects of Query-Based Sampling on Automatic Database Selection Algorithms," Technical Report CMU-LTI-00-162, Language Technologies Institute, School of Computer
Science, Carnegie Mellon University, 2000.

Dushay, N., J. C. French and C. Lagoze,
"Predicting Indexer Performance in a Distributed Digital Library," Technical Report TR99-1743, Dept. of Computer Science," Cornell University, May 1999.
HTML

French, I. C., A. L. Powell and J. Callan,
"Effective and Efficient Automatic Database Selection," Technical Report CS-99-08, Dept. of Computer Science, University of Virginia, February 22, 1999.
Postscript

Dushay, N., J. C. French and C. Lagoze,
"Using Query Mediators for Distributed Searching in Federated Digital Libraries," Computing Research Repository (xxx.cs.DL/9902020), February 1, 1999.
HTML

French, J. C., A. L. Powell, J. Callan, C. L. Viles, T. Emmitt, K. J. Prey and Y. Mou,
"Comparing the Performance of Database Selection Algorithms,"” Technical Report CS-99-03, Dept. of Computer Science, University of Virginia, January 12, 1999.
postscript
PDF

Dushay, N., J. C. French and C. Lagoze,
"A Characterization Study of NCSTRL Distributed Searching," Technical Report TR99-1725, Dept. of Computer Science, Cornell University, January 1999.
HTML

Powell, A. L. and J. C. French,
"The Potential to Improve Retrieval Effectiveness with Multiple Viewpoints," Technical Report CS-98-15, Dept. of Computer Science, University of Virginia, May 14, 1998,
postseript.Z

Natrajan, A., A. L. Powell, and J. C. French
"Using N-grams to Process Hindi Queries with Transliteration Variations" Technical Report CS-97-17, Dept. of Computer Science, Univ. of Virginia, July 1997.
PS version

French, I. C., A. L. Powell, and E. Schulman
"Automating the Construction of Authority Files in Digital Libraries: A Case Study" Technical Report CS-97-02, Dept. of Computer Science, Univ. of Virginia, Jan. 1997.
PS version

French, I. C., A. L. Powell, and E. Schulman
"Applications of Approximate Word Matching in Information Retrieval" Technical Report CS-97-01, Dept. of Computer Science, Univ. of Virginia, Jan. 1997.
PS version

Schulman, E., I. C. French, A. L. Powell, S. S. Murray, G. Eichhorn, and M. J. Kurtz
"The Sociology of Astronomical Publication Using ADS and ADAMS" in Astronomical Data Analysis Software and Systems VI, edited by G. C. Hunt and H. E. Payne, A.S.P.
Conference Series, Vol. 125 (1997), pp. 361-364.

Schulman, E., A. L. Powell, J. C. French, G. Eichhorn, M. J. Kurtz, and S. S. Murray
"Using the ADS Database to Study Trends in Astronomical Publication" Bulletin of @@ merican Astronomical Society, vol. 28, 4 (1996), pp. 1281. |PR2024-01306
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"Exploiting Coauthorship to Infer Topicality in a Digital Library of Computer Science Technical Reports" Technical Report CS-96-20, Dept. of Computer Science, Univ. of
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VIrgIma, LeC, 1Y50.
PS version

Viles, C. L. and I. C. French
"TREC4 Experiments using DRIFT" 4th Text Retrieval Conference, Gaithersburg, MD, NIST Special Publication 500-236 (Oct. 1996), pp. 549-557.

French, I. C., G. L. Bull, M. Tarrant, and A. L. Powell
"Library Access, Search and Retrieval (LASR) Pilot (Final Report)" Technical Report CS-96-07, Dept. of Computer Science, Univ. of Virginia, Mar. 1996.
PS version

French, I. C., J. C. Knight, and A. L. Powell
"Hypertext Structures and Software Documentation” Technical Report CS-96-04, Dept. of Computer Science, Univ. of Virginia, Feb. 1996.
PS version

Barros, J., J. C. French, W. Martin, and P. Kelly
"System for Indexing Multi-spectral Satellite Images for Efficient Content-based Retrieval" Technical Report CS-95-06, Dept. of Computer Science, Univ. of Virginia, Jan. 1995,
PS version

Viles, C. L. and I. C. French
"Dissemination of Collection Wide Information in a Distributed Information Retrieval System" Technical Report CS-95-02, Dept. of Computer Science, Univ. of Virginia, Jan.
1995.
PS version

Barros, I. E., I. C. French, W. N. Martin, P. Kelly, J. M. White
"Indexing Multispectral Images for Content-Based Retrieval" Technical Report CS-94-40, Dept. of Computer Science, Univ. of Virginia, Oct. 1994.
PS version

French, J. C., E. Fox, K. Maly, A. Selman
"Wide Area Technical Report Service - technical reports online" SIGACT News, vol. 25, no. 3 (Sept. 1994), pp. 124-127.

Viles, C. L. and I. C. French
" Availability and Latency of World Wide Web Information Servers" Technical Report CS-94-36, Dept. of Computer Science, Univ. of Virginia, Sept. 1994.
PS version

Jones, J. D. and I. C. French
"An Archive Service with Persistent Naming for Objects" Technical Report CS-94- 35, Dept. of Computer Science, Univ. of Virginia, Aug. 1994.
PS version

Maly, K. I, I. C. French, A. Selman, and E. A. Fox
"Wide Area Technical Report Service" Technical Report TR-94-13, Dept. of Computer Science, Old Dominion Univ., June, 1994.
HTML at Cornell

Barros, J. E. and J. C. French
"Scalable Database Support for Correlation and Fusion Algorithms" Technical Report IPC-93-05, Institute for Parallel Computation, University of Virginia, October 1993.
PS version

French, J. C.
"Estimating Retrieval Regions for Correlation and Fusion Algorithms" Technical Report IPC-93-06, Institute for Parallel Computation, University of Virginia, October 1993.

Maly, K., I. French, E. Fox, A. Selman
"Prototype System Puts Technical Reports On Line" Computing Research News, vol. 5, no. 2 (Mar. 1993), pp. 14.

Maly, K. I., E. A. Fox, J. C. French and A. Selman
"Wide Area Technical Report Service" Technical Report TR-92-44, Dept. of Computer Science, Old Dominion Univ., Dec. 1992.
HTML at Cornell

French, I. C.
"Heuristic Clustering of Signature Files: A New Approach (Preliminary Results)" Technical Report CS-92-42, Dept. of Computer Science, Univ. of Virginia, Sept. 1992.
PS version

French, I. C.,
"Electronic Distribution of Technical Reports and Working Papers: A Simple Cooperative Approach" Technical Report CS-92-27, Dept. of Computer Science, Univ. of Virginia,
Sept. 1992.
PS version

French, J. C. and C. L. Viles
"A Software Toolkit for Developing Distributed Applications" Technical Report CS-92-26, Dept. of Computer Science, Univ. of Virginia, Sept. 1992.
PS version

Theses, Dissertations and Project Reports-Graduate Works
top

Tang, C.
"TRAPS: A Translator for Postscript Documents" Master's Project, Dept. of Computer Science, Univ. of Virginia, 1991.

Das, M.
"A Study of Some Algorithms for Partitioning Signature Files" Master's Thesis, Dept. of Computer Science, Univ. of Virginia, 1991.

Terry, J.
"Collection and Distribution of Technical Reports" Master's Project, Dept. of Computer Science, Univ. of Virginia, 1992.

Durant, L.
"A Bibliographic Citations Query System in ADAMS" Master's Project, Dept. of Computer Science, Univ. of Virginia, 1992.
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"Scalable Database Support for Correlation and Fusion Algorithms" Master's Project, Dept. of Computer Science, Univ. of Virginia, 1993.

Henry, S.



" "Evaluation of the Vector Space Model of Information Retrieval as a Filtering Mechanism" Master's Project, Dept. of Computer Science, Univ. of Virginia, 1993.

Kim, N.
"A Classification Approach to the Automalation of Boolean Queries in Information Retrieval" Ph.D. Dissertation, Dept. of Systems Engineering, Univ. of Virginia, 1993
(coadvisor with D. E. Brown).

Zhu, X,
"TUFROS: An Individual-based User Flexible and Redefinable Open Simulator of Forest Growth and Succession" Master's Project, Dept. of Computer Science, Univ. of Virginia,
1994.

Julian, F.
"Speeding Up Searches with Clustered Signatures" Master's Project, Dept. of Computer Science, Univ. of Virginia, 1994.

Jones, J.
"An Archive Service with Persistent Naming for Objects" Master's Project, Dept. of Computer Science, Univ. of Virginia, 1994.

Wohlford, G.
"Evaluation of N-Grams as Index Elements in Information Retrieval" Master's Project, Dept. of Computer Science, Univ. of Virginia, 1995.

Stumbaugh, M.
"A World-Wide Web Interface for Technical Report Archives" Master's Project, Dept. of Computer Science, Univ. of Virginia, 1995.

Powell, A.
"A Systematic Approach to Creating and Maintaining Software Documentation” Master's Project, Dept. of Computer Science, Univ. of Virginia, 1995.

Viles, C. L.
"Maintaining Retrieval Effectiveness in Distributed, Dynamic Information Retrieval Systems" Ph.D. Dissertation, Dept. of Computer Science, Univ. of Virginia, 1996.
zipped PS
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Emmitt, T.,
"Cue-Validity Variance Database Selection Algorithm Enhancement," Master's Project, Dept. of Computer Science, Univ. of Virginia, 1999.

Wu, B.,
"Building a Digital Library for the Publications of the Computer Science Department," Master's Project, Dept. of Computer Science, Univ. of Virginia, 2000.

Phan, T.,
"A Design and Implementation of Access Control for Distributed Digital Objects and Repositories," Master's Project, Dept. of Computer Science, Univ. of Virginia, 2000.

Monroe, G. A.,
"An Investigation of Language Models of Web Databases Generated Using Query-Based Sampling Techniques," Master's Project, Dept. of Computer Science, Univ. of Virginia,
2000.

Powell, A. L.,
"Database Selection in Distributed Information Retrieval: A Study of Multi-Collection Information Retrieval," Ph.D. Dissertation, Dept. of Computer Science, Univ. of Virginia,
2001.
(2001 UMI Doctoral Dissertation Award, American Society for Information Science and Technology)
Zipped PS
PDF

O'Neil, E. K.,
"Selective Dissemination of Information in the Dynamic Web Environment," Master's Thesis, Dept. of Computer Science, Univ. of Virginia, 2001.
PS version
PDF version

Undergraduate Theses

top
Werbel, D.
"Design of a Data Visualization System" Senior Thesis, Dept. of Computer Science, Univ. of Virginia, May 1992.
Gomez, C.
"University Course Information System: A Class Scheduler and Course Information Database" Senior Thesis, Dept. of Computer Science, Univ. of Virginia, May 1993.
Gabel, I.
"Designing a Portable User Interface for Posting Technical Reports to WATERS" Senior Thesis, Dept. of Computer Science, Univ. of Virginia, May 1994.
Ryan, M.
"Geographic Information Systems on the World Wide Web" Senior Thesis, Dept. of Computer Science, Univ. of Virginia, January 1997.
Moore, M.
"Electronic Submission of Undergraduate Theses: A Case Study for the Implementation of a University-Wide Program for the Electronic Submission and Online Archiving of
Theses and Dissertations" Senior Thesis, Dept. of Computer Science, Univ. of Virginia, May 1997.
Zha, Y.
"Electronic Publishing for a Professional Society: Design and Implementation of Online ACM SIGIR Conference Proceedings" Senior Thesis, Dept. of Computer Science, Univ.
of Virginia, May 1997.
Nelson, E.
"Results Merging in the Networked Computer Science Technical Reports Library (NCSTRL)" Senior Thesis, Dept. of Computer Science, Univ. of Virginia, December 1997.
Young, B.
"Selective Searching over the Networked Computer Science Technical Report Library (NCSTRL)" Senior Thesis, Dept. of Computer Science, Univ. of Virginia,
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McDonald, I.,
"Electronic Submission of Undergraduate Theses: Aesthetic and Security Enhancements to the University of Virginia Electronic Submission System," Senior Thesis, Dept. of
Computer Science, Univ. of Virginia, May 2000.

Moore, J.,
"Design and Implementation of a Java-based Course Scheduler Application for Undergraduate and Graduate Students Attending the University of Virginia," Senior Thesis, Dept.
of Computer Science, Univ. of Virginia, May 2000.

Ogle, V.,
"Study of Search Engine Strategies through Black Box Testing," Senior Thesis, Dept. of Computer Science, Univ. of Virginia, May 2000.

Wong, D.,
"A Convenient Storage Catalog for Graphic Novels: Creating an Online Searchable Database," Senior Thesis, Dept. of Computer Science, Univ. of Virginia, May 2000.

Robbins, B.,
"An Interactive Search Assistant for the EOS Database," Senior Thesis, Dept. of Computer Science, Univ. of Virginia, August 2000.

Funkhouser, T. J.,
"The Technology. Culture, and Communication Toolkit: A Web-based Application for TCC Advisors and Students," Senior Thesis, Dept. of Computer Science, Univ. of Virginia,
May 1999.
(Undergraduate Research and Design Symposium Finalist.)

Ho. S.,
"The Design and Implementation of the Online Ordering and Delivery Tracking System," Senior Thesis, Dept. of Computer Science, Univ. of Virginia, December 2000.

Hauver, D.,
""Flycasting: Using Collaborative Filtering to Generate a Playlist for an Online Station," Senior Thesis, Dept. of Computer Science, Univ. of Virginia, May 2001.
(Undergraduate Research and Design Symposium Finalist)

Chatlani, P.,
“"Relevance Feedback for Web Searches," Senior Thesis, Dept. of Computer Science, Univ. of Virginia, May 2001.
Demo (requires plug-in, may not work under Netscape)
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The University of Virginia Information Retrieval Group

Extending the Vocabulary for Cross-
Disciplinary Searching of EOS Data

Personal Information Environments

Cyberia Projects

CBIR

A major part of our work is research in distributed Information Retrieval. We are developing new techniques aimed at constructing a
user-customized Personalized Information Environment (PIE) that can be tailored to the needs of specific users.

‘We have recently constructed a testbed for evaluating distributed information retrieval approaches and are currently working to compare
different approaches using this testbed.

Testbed ‘When dealing with distributed collections, different collections may employ different conventions for naming entities in the collection.
Multiple Viewpoints This can adversely affect retrieval performance by obscuring similarities among those entities. This problem can be lessened by the use
= of authority files which list accepted variants of names; however, the construction of these authority files is labor-intensive. We have

Publications been studying the potential for partially automating this process, as in the EVOC Project.
Papers ‘We are also investigating the use of multiple viewpoints of a document collection during searching or browsing to facilitate the location
Posters of useful documents. Our research in this area is focused on specific techniques for interacting with document collections. We are
Presentations mvestigating the representations, framework and processes required to support these interactions.
The Group
People
Contact
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Comparing the Performance of Database Selection Algorithms

James C. French!, Allison L. Powell', Jamie Callan?, Charles L. Viles®
Travis Emmitt!, Kevin J. Prey!, Yun Mou?

!Dept. of Computer Science*
University of Virginia
Charlottesville, VA

Abstract We compare the performance of two database se-
lection algorithms reported in the literature. Their perfor-
mance is compared using a common testbed designed specif-
ically for database selection techniques. The testbed is a de-
composition of the TREC/TIPSTER data into 236 subcol-
lections. The databases from our testbed were ranked using
both the ¢gGIOSS and CORI techniques and compared to a
baseline derived from TREC relevance judgements. We ex-
amined the degree to which CORI and gGIOSS approximate
this baseline. Our results confirm our earlier observation
that the gGlOSS Ideal(l) ranks do not estimate relevance-
based ranks well. We also find that CORI is a uniformly bet-
ter estimator of relevance-based ranks than gGIOSS for the
test environment used in this study. Part of the advantage
of the CORI algorithm can be explained by a strong correla-
tion between gGIOSS and a size-based baseline (SBR). We
also find that CORI produces consistently accurate rank-
ings on testbeds ranging from 100-921 sites. However for a
given level of recall, search effort appears to scale linearly
with the number of databases.

1 Introduction

The proliferation of online resources, the growing need to
conduct searches across many of these resources, and the
de-facto requirement of pruning the resource set of interest
to manageable size has increased attention on retrieval in the
distributed environment. Distributed information retrieval
encompasses many important problems, including database
or collection selection [7, 11, 15, 13, 18, 24, 25, 14], collection
fusion or results merging [2, 7, 8, 23, 22], and dissemination

*This work supported in part by DARPA contract N66001-97-C-
8542 and NASA GSRP NGT5-50062.

fThis work supported in part by NSF, the Library of Congress,
and the Department of Commerce under agreement EEC-9209623,
and by the U.S. Patent and Trademark Office and DARPA/ITO under
contract F19628-95-C-0235.

¥This work supported in part by DARPA contract N66001-97-C-
8542.

2Computer Science Dept.!
Univ. of Massachusetts
Ambherst, MA

3School of Info. and Library Science
Univ. of North Carolina—Chapel Hill
Chapel Hill, NC

of collection information to increase retrieval effectiveness
[10, 21, 20].

In this paper we focus on database selection as a funda-
mental problem in the distributed environment, providing
the first direct comparison of two database selection tech-
niques described in the literature. The problem can be
stated intuitively as the process of selecting a (hopefully)
small set of databases to which to send a query. Database
selection is the first step in a process that continues with
search at the distributed sites and fusing or merging of result
lists from the sites. The primary goal in this database selec-
tion step is to select as small a set of collections as possible
to send a query to without sacrificing retrieval effectiveness.

Several techniques for database selection have been pro-
posed and independently evaluated; however the test envi-
ronments have varied in both the underlying data and the
evaluation methods. There is very little literature on the
direct comparison of competing techniques. This study di-
rectly compares two techniques, gGl0SS[13, 14] and CORI|[T7],
in a common test environment using the same data and eval-
uation techniques. We had two goals for this study. The
first goal was to demonstrate a sound methodology for the
systematic study of these algorithms and their relative per-
formance. The second, and more important, goal was to
gain insight into both the collective and individual behavior
of these algorithms.

2 Database Selection Experiment

Distributed searching is composed of three fundamental ac-
tivities: (1) choosing the specific databases to search, (2)
searching the chosen databases, and (3) merging the results
into a cohesive response. In these experiments we focus
specifically on the first activity. Callan et al.[7] call this the
collection selection problem while Gravano et al.[15] refer to
it as the text database resource discovery problem. In French
et al.[9] we refer to this as database selection and will retain
that terminology here for consistency.

In earlier work[9] we described a testbed and methodol-
ogy for examining the behavior of algorithms such as these.
We also proposed metrics and analyses that were designed
to illuminate the behavior of the algorithm under study.
In that work[9], we determined that gGIOSS[13] does not
estimate relevance-based rankings very well. In the present
paper we are concerned with determining how gGIOSS com-
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pares with another database selection algorithm, CORI|T7].
In this section, we describe the gGIOSS and CORI algo-
rithms and review the testbed and metrics for comparison.

2.1 The Testbed

A number of researchers have been working on issues in dis-
tributed information retrieval systems but the test environ-
ments are idiosyncratic in both data and evaluation mea-
sures, making it impossible to compare results. In French
et al.[9] we proposed a test environment for the system-
atic study of distributed information retrieval algorithms.
Our testbed is based on the TIPSTER data used in the
TREC[16] conferences. We decompose the large collections
into smaller subcollections that serve as hypothetical “sites”
in our distributed information retrieval test environment.
The data is decomposed by source, year, and month result-
ing in 236 sites. We used TREC topics 51-150 as the test
queries in our earlier study[9]. The characteristics of this
testbed, the queries used, and other details can be found in
French et al.[9].

2.2 The Algorithms Considered
2.2.1 gGIOSS

Gravano et al.[15] proposed GIOSS, the Glossary-of-Servers
Server, as an approach to the database selection problem
for the Boolean IR model. Later GIOSS was generalized to
gGlOSS[13] to handle the vector space information retrieval
model. This generalization can be used for any IR model
that computes a score to determine how well a document
satisfies a query, provided that certain collection statistics
can be made available to gGIOSS.

gGlOSS assumes that the databases can be characterized
according to their goodness with respect to any particular
query. ¢gGIOSS’s job is then to estimate the goodness of
each candidate database with respect to a particular query
and then suggest a ranking of the databases according to
the estimated goodness.

Goodness for each database, db, is defined as follows.

Goodness(l, q,db) = Z

de{dblsim(q,d)>1}

sim(q,d) (1)

where sim(q,d) is a function that calculates the similarity
between a query g and a document d. Once Goodness(l,q, db)
has been calculated for each database db with respect to ¢
at threshold [, the ideal rank for the query at threshold I,
Ideal(l) can be formed by sorting the databases in descend-
ing order of their goodness.

Note that gGIOSS does not compute Ideal(l) rather it
is advanced as the goal to which gGIOSS estimated ranks
Maz(l) and Sum(l), defined in [13], will be compared. In
French et al.[9] we showed that ¢Gl0SS Maz(l) and Sum(l)
estimators do a good job of estimating Ideal(l). We also
showed that Ideal(l) is not well-correlated to relevance.

Complete details for calculating the Maz(l) and Sum(l)
estimators are given in [13] and are not reproduced here.
But, for later reference we note that

Maz(0) = Sum/(0) = Ideal(0), (2)

that is, at threshold [ = 0 both estimators give identically
the Ideal(0) ranking of databases for all queries. In addition,
[ = 0 allows a consistent comparison of Ideal(l) rankings
when comparing different underlying retrieval systems that
produce differently scaled similarity values (i.e. sim(q,d) in
Equation 1). Hence, in the evaluation to follow we will use
Ideal(0) as the gGlOSS estimate since gGIOSS can compute
this exactly.

Note that gGlOSS needs two vectors of information from
each database db; in order to make its estimates.

1. the document frequency df;; for each term ¢; in db;;
and

2. the sum of the weight of each term ¢; over all docu-
ments in db;.

If the underlying database cannot be made to divulge this
information directly, it is in principle possible to recover the
information by issuing a single-term query for each vocab-
ulary term. Our choice of Ideal(0) obviates this; we can
compute Ideal(0) directly from the databases by simply is-
suing the test queries.

2.2.2 CORI

Given a set of databases to search, the CORI approach cre-
ates a database selection index in which each database is
represented by its terms and their document frequencies df.
Databases are ranked for a query g by a variant of the In-
query document ranking algorithm. The belief p(ry|db;) in
database db; due to observing query term 7 is determined
by:

T df
df +50 4+ 150 - cw/cw
log ( \DBC|f+0.5)

I = log (|DB| + 1.0)
p(rk|dbi) = 04+406-T-1 (3)
where:
df is the number of documents in db; containing rg,
cf is the number of databases containing ry,
|DB| is the number of databases being ranked,
cw is the number of words in db;, and
cw is the mean cw of the databases being ranked.

The belief in a database depends upon the query structure,
but is usually just the average of the p(ri|db;) values for
each query term [7].

The CORI approach to ranking collections can be sum-
marized as df .icf, where icf is inverse collection frequency.

2.3 Controlling the Indexing Vocabulary

In [9] we prepared the test collection by using SMART ver-
sion 11.0[3] using the same parameters as Gravano et al.[13].
Note that for those experiments each of the 236 sites used
the same parameters and search engine (SMART) to process
queries. Then we prepared a union vocabulary incorporating
all the terms appearing at any of the separate collections.
This gave us a canonical global vocabulary with which to
store the document frequencies and weight sums required
by gGlOSS to make its estimates.
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To control the CORI evaluation properly it was neces-
sary to guarantee that the same indexing vocabulary was
used by ¢gGlOSS and CORI. Sources of variability arise from:
parsing the original TREC documents; tokenizing a docu-
ment into words; stemming algorithm; and stoplist. To con-
trol for all these factors we synthesized pseudo-documents
for each collection. We used the stemmed and stopped vo-
cabulary from the SMART indexing done in [9], emitted
each term t¢f times, and padded the document back to it
original length with a fake word. Inquery was then run with
stemming off and a single word stoplist. It was also neces-
sary to handle special characters differently. The end result
was that Inquery indexed exactly the same vocabulary that
SMART did in the earlier experiments.

We verified that the steps we took to control the index-
ing vocabulary did not hinder the CORI performance. We
ranked the collections using CORI with Inquery defaults
then evaluated the ranking. The average performance re-
sults were nearly identical to the CORI results using the
controlled vocabulary.

2.4 Evaluation—Baselines for Comparison

We refer to a number of baselines in the evaluation below,
specifically: the gGlOSS baseline, Ideal(0); the relevance-
based ranking (RBR); and the size-based ranking (SBR).
They are defined as follows.

Ideal(0): This ranking is produced by processing each query
at each of the 236 subcollections and then using the
goodness (see Equation 1) to rank the subcollections.

RBR: These rankings were produced for each query by us-
ing the relevance judgements supplied with the TREC
data. Databases are simply ordered by the number of
relevant documents they contain.

SBR: Databases are ordered by the total number of docu-
ments they contain. Note that this ranking is constant
for all queries.

2.5 Evaluation—Metrics for Comparison

As in our earlier work we use mean squared error, two recall
metrics, Ry [13] and R, [9], and a precision measure, P,
[13]. In addition we will also use the Spearman coefficient
of rank correlation[12].

2.5.1 Recall and Precision Analogs

In [9] we discussed performance metrics that are analogous
to the well known IR metrics of recall and precision. We
briefly review the metrics here.

We provide a baseline ranking, B, that represents agoal
for each query. An algorithm produces some estimated rank-
ing for the query, E, and our goal is to decide how well E
approximates B. We assume that each database db; in the
collection has some merit, merit(q, db;), to the query ¢q. The
baseline is expressed in terms of this merit; the estimate is
formed by implicitly or explicitly estimating merit.

Let dby; and db.; denote the database in the i-th ranked
position of rankings B and E respectively. Let

B; = merit(q,dby,) and E; = merit (q,db;) (4)

denote the merit associated with the i-th ranked database
in the baseline and estimated rankings respectively. In the
results that follow we have the following convention. For
the Ideal(l) calculations merit(q,db) = Goodness(l,q,db);
for RBR we define merit(g,db) to be the number of relevant
documents in db; and for SBR we define merit(q,db) to be
the total number of documents in db.
Gravano et al.[13] defined R,, as follows.
Z?=1 L
Rn = ?:1 B (5)
This is a measure of how much of the available merit in the
top n ranked databases of the baseline has been accumulated
via the top n databases in the estimated ranking.
An alternative definition[9] is given by

R, = Zum

n B, (6)

=1
where
n* = maxk such that By # 0. (7)

Intuitively, n* is the breakpoint between the useful and use-
less databases. The denominator is just the total merit con-
tributed by all the databases that are useful to the query.
Thus, R, is a measure of how much of the total merit has
been accumulated via the top n databases in the estimated
ranking. Lu et al.[17] have also suggested using this mea-
sure.

Gravano et al.[13] have also proposed a precision-related
measure, P,. It is defined as follows.

_ |[{db € Top,(E)|merit(q,db) > 0}| (8)
|Topn (E)|

This gives the fraction of the top n databases in the esti-
mated ranking that have non-zero merit.

P

2.5.2 Spearman Coefficient of Rank Correlation

The Spearman coefficient of rank correlation, p, is given by

6., Di
wn? —1) )

where D, is the difference in the i-th paired ranks. We
have —1 < p < 1 where p = 1 when two rankings are in
perfect agreement and p = —1 when they are in perfect
disagreement.

p=1-

3 Results

In the results that follow, we report the comparison of gGIOSS
and CORI; we use the baseline Ideal(0) to represent gGI1OSS.

For both algorithms, the evaluation was conducted using the

full 236 subcollections of the testbed described earlier. We

used the TREC topics 51-150 as the test query set. We ex-

amine potential reasons for differences in performance and

discuss a heuristic for a lower bound on performance.

On the graphs in this section, we label each curve E.B
where E is the database selection algorithm (estimator) em-
ployed and B is the baseline to which E is being compared.
A curve labeled B.B, e.g, RBR.RBR, is intended to show the
best possible behavior, that is, when the baseline is used to
estimate itself.
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3.1 CORI Evaluation

The first step was to evaluate the performance of the CORI
database selection algorithm using the evaluation measures
described in French et al.[9]. The evaluation measures in-
clude mean-squared error, a precision analog, P, and two
recall analogs, R, and R,. CORI was evaluated using all
four measures. For comparison, we also show the perfor-
mance of gGlOSS Ideal(0) [9] for all measures.

1.0
0.8
0.6
=
e ;
04 W
------ RBRRBR
i -.m-- CORLRBR
024, —%— Ideal(0).RBR
0.0
0 50 100 150 200
n

Figure 1: CORI results compared to ¢GI0SS and maximum
achievable performance.

For these experiments, we used the RBR baseline as the
standard against which to compare algorithm performance;
the best possible performance under a given measure is to
approximate RBR exactly.

We first considered the mean-squared error of the dif-
ferences between the I'deal(0) and CORI rankings and the
RBR baseline. MSE can provide a general impression of the
similarity of rankings on a query by query basis. The MSE
values for both approaches were in the same range, with
a minimum value of 940 and a maximum of 4942. How-
ever, the MSE values for CORI are lower on average with
CORI having MSE values less than I'deal(0) for 84% of the
queries. This suggests that CORI may approximate RBR
more closely than gGIOSS. R

We then evaluated CORI using the Py, R, and Ry, mea-
sures. These measures can help reveal the nature and degree
of the discrepancies shown by MSE. The results for R,, are
shown in Figure 1; results for P, and R, are included in
summary Figures 4 and 5.

In Figures 1, 2, 4, 5 and 6, the plots for Ideal(0) and
CORI should be compared to the plot RBR.RBR. For all
measures CORI approximates the RBR baseline more closely
than gGlOSS Ideal(0).

3.2 ’ﬁn Difference

To get a different perspective on the impact of the perfor-
mance difference, we examined the data plotted in Figure 1.

Figure 1 displays the average performance over 100 queries
of the R, measure. This measure shows the rate at which
relevant documents can be accrued as additional collections
are considered. Another way to view this data is to deter-
mine how many collections from a ranking must be consid-
ered to reach a given value for R,. Table 1 shows the values
for CORI and gGIOSS Ideal(0) compared with the highest
achievable value.

Examining Figure 1, it is readily apparent that fewer
collections need be considered to reach each level of R,, when
the CORI ranking was used than when the Ideal(0) ranking
was used. This is reinforced by Table 1. However, it is more
apparent from Table 1 that the CORI ranking has a greater
advantage for R, values of 0.7 and above. If the goal is
exhaustive searching, using the CORI ranking will be more
efficient.

There are three regions of interest in Figure 1. These
regions can also be seen in Figures 4, 5 and 6. For all mea-
sures, for n roughly less than 50, the performance of all of
the algorithms is fairly close. For n greater than roughly
120, all algorithms are faced with a situation in which most
of the relevant documents have been located and little im-
provement is possible. However for n in the range of 50-120,
CORI has a more evident advantage, as seen in Table 1.

N Number of collections required
Rn to achieve 7/€n
CORI | Ideal(0) | Best Achievable
0.1 4 5 2
0.2 9 12 4
0.3 15 18 7
0.4 21 25 10
0.5 29 33 14
0.6 38 43 19
0.7 49 64 26
0.8 64 83 36
0.9 86 102 52
1.0 209 225 145

Table 1: R, for CORI and Ideal(0)

4 Analysis and Discussion
4.1 CORI and ¢gGIOSS Comparison

The immediate question was why CORI approximated the
RBR baseline more closely than gGlOSS Ideal(0). Our ini-
tial observation was that the performance differences could
be due to indexing differences. Our initial gGIOSS exper-
iments were intended to reproduce the experimental setup
of Gravano and Garcia-Molina [13]. As a result, we used
the exact underlying retrieval engine and parameter settings
reported—SMART using ntc weights for document terms
and nnn weights for query terms.

It has been shown that using different weights and nor-
malization approaches in SMART improves retrieval per-
formance for the large TREC collections [4, 5, 19], so we
considered that the improvement shown by CORI could be
due simply to better-tuned indexing information. There-
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fore, we used the underlying Inquery collection indexes—
used to generate the CORI inference net—to generate an
additional Ideal(0) baseline based upon the Inquery index-
ing information. We will refer to the new Ideal(0) baseline
as Ideal(0)-inquery. If Ideal(0)-inquery approximated RBR
more accurately than I'deal(0), it would imply that the in-
dexing weights used by Inquery provided a better input to
the ¢gGIOSS algorithm. In this case, it would be more rep-
resentative to compare the CORI performance to that of
Ideal(0)-inquery than to that of Ideal(0). The comparisons
of Ideal(0) and Ideal(0)-inquery to baseline RBR for eval-
uation measure ﬁn is shown in Figure 2. The comparisons
for P, and R, are included in summary Figures 4 and 5.

1.0
0.8
0.6
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0.0 4= L R R
0 50 100 150 200
n

Figure 2: The two Ideal(0)s

Note that, in fact, the performance of gGIOSS declined
when the Inquery weighting information was used. There-
fore, we conclude that the improvement in performance of
Inquery is not due to differences in term weighting. At
present, we are not certain what aspect of the CORI database
selection algorithm is responsible for its performance differ-
ence. We have conjectured that to ¢gGIOSS a database with
many documents of low similarity may appear more useful
than a database with a few documents of high similarity [9].
It is possible that CORI is utilizing a better length normal-
ization strategy that allows it to avoid this difficulty.

4.2 Formulation of SBR

Our 236 collection testbed is produced by partitioning the
TREC data by publishing source, year and month. As a
result, the number of documents in a collection varies widely
for our testbed. During a detailed examination of results
from our gGIOSS experiments [9], we noted some recurring
themes in the rankings produced by Ideal(0).

It appeared that Ideal(0) routinely ranked highly col-
lections with very large numbers of documents. An exam-
ination of the RBR baseline revealed that collections with
a large number of documents also tended to have a good
representation of relevant documents. Voorhees noticed a

25/28

similar phenomenon in her work[22], specifically that the
distribution of relevant documents was uneven across docu-
ment sources. She noted that a strategy of retrieving from
AP and WSJ was often very effective with TREC data. In
our decomposition, subcollections derived from AP and WSJ
tend to have a large number of documents.

We created a new baseline, size-based ranking (SBR), in
which databases are ordered by the total number of docu-
ments that they contain. We used the SBR baseline to de-
termine if a correlation between collection size and Ideal(0)
or RBR did in fact exist. We used Spearman’s p to mea-
sure the correlation between I'deal(0) and SBR and between
RBR and SBR. The results are shown in Figure 3.

8 ]
IS
5 0.0 XX X XK
2 )}
0.5+ ® deal(0).SBR (mean=0.97)
y X RBR.SBR (mean=0.54)
A CORI.SBR (mean=0.88)
-10 T T T T T
60 80 100 120 140
Query ID

Figure 3: Spearman’s p values for Ideal(0) and RBR com-
pared to SBR.

We noted that there is a very strong positive correla-
tion between Ideal(0) and SBR for all queries. The corre-
lation between CORI and SBR is not as pronounced, but
still strong. There is also a moderate positive correlation
between RBR and SBR for most queries. SBR is a simple
heuristic that is constant for all queries and therefore not at
all computationally intensive. We will show later that SBR
can closely approximate the performance of Ideal(0) for this
testbed. We consider SBR a useful lower bound on database
selection performance for this collection.

4.3 Relationship between SBR and Ideal(0)

gGlOSS computes collection scores by summing over docu-
ments in a collection. As a result, gGI0OSS favors collections
with a large number of documents. For this testbed, the
performance of gGIOSS Ideal(0) is strongly influenced by
this feature of the algorithm. Ideal(0) is strongly positively
correlated with SBR. Evidence of this correlation can be
seen in Figures 4, 5 and 6. The approximation of RBR by
Ideal(0) closely tracks the approximation of RBR by SBR.
However, Ideal(0) does consistently outperform SBR.
Figures 4, 5 and 6 also show how all of the approaches
discussed here approximate RBR. For all measures, CORI
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outperforms gGIlOSS. Also note that SBR represents a useful
lower bound for performance in this testbed.

.
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Figure 4: CORI results compared to ¢GlOSS and maximum
achievable performance using Py,.

R(n)
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Figure 5: CORI results compared to ¢GI0SS and maximum
achievable performance using R.,,.

The CORI and Ideal(0) plots appear similar in Figure 6,
making it difficult to judge the performance difference be-
tween CORI and Ideal(0). Examining the plotted data,
we determined that CORI shows at least 256% improvement
over Ideal(0) for n < 10 and approximately 10% improve-
ment for n < 90. We also note that I'deal(0) shows at least
20% improvment over SBR. for n < 50; however, for n > 50,
Ideal(0) tracks SBR much more closely.

Future experiments will need to examine the implica-
tions of the correlation between Ideal(0) and SBR. For this
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Figure 6: CORI results compared to gGI0SS and maximum
achievable performance using Ry.

testbed and the experiments reported here, it is not clear
if the preference for large collections degraded the perfor-
mance of gGlOSS; for this testbed there was also a posi-
tive correlation between SBR and RBR. However, given a
testbed with a negative correlation between SBR and RBR,
a preference for large collections could degrade the perfor-
mance of gGIOSS or any other database selection algorithm
with this feature.

In future experiments, we will create additional testbeds
in which the number of documents in a collection will be
held constant. This will allow us to examine algorithm per-
formance when collection-size preference is controlled for.

5 Scaling Up Database Selection Algorithms

Database selection algorithms become increasingly neces-
sary as the number of databases grows from O(10), to O(100),
to O(1,000) databases. Early research on database selection
was based on testbeds of O(10) databases [7, 15], and sug-
gested that selection algorithms were very accurate. How-
ever, as the algorithms were improved and applied to testbeds
of O(100) databases, the experimental results became more
ambiguous [13, 17, 24]. A high priority for our recent re-
search has been to determine whether the CORI algorithm
remains effective as the number of databases increases.

5.1 Testbeds

Experiments were conducted with the 236 collection testbed
used throughout this paper, as well as two additional testbeds
of 100 collections and 921 collections. Summary character-
istics of these three testbeds are provided in Table 2.

The 100 collection testbed was created by dividing TREC
CDs 1, 2, and 3 into 100 smaller databases of roughly equal
size (about 30 megabytes each). Each database contained
documents from a single source, ordered as they occur on the
TREC CDs; hence documents in a database were also usu-
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Num. . Size Total
DB Source Queries (GB) Docs
100 TREC 14243 51-100 3.3 | 1,078,166
236 TREC 1+4-2+3 subset 51-150 2.7 691,058
921 TREC-6 VLC 301-350 20.1 | 7,492,048

Table 2: Characteristics of testbeds used in scaling experi-
ments.

ally from similar timeframes. CD 1 contributed 37 databases,
CD 2 contributed 27 databases, and CD 3 contributed 36
databases.

The 921 collection testbed was created by dividing the
TREC-6 VLC corpus into 921 smaller databases of roughly
equal size, subject to the same source and document adja-
cency constraints used for creating the 100 collection testbed.

Queries were based on TREC topics 51-150 and 301-350.
We used query sets INQO01, INQO026, and INQ411, all cre-
ated by the UMass CIIR as part of its participation in TREC
and Tipster evaluations [1, 6]. Queries in these sets are long,
complex, and have undergone automatic query expansion.

The relevance assessments were the standard TREC rel-
evance assessments supplied by the U.S. National Institute
for Standards and Technology. Relevance judgements for
the VLC data are relatively sparse, so additional relevance
judgements for 20 queries were gathered by trained under-
graduates. The additional relevance judgements had little
impact on results, and so were not used in the results re-
ported here.

5.2 Experiments

The effectiveness of the CORI database selection algorithm
was measured with R and R, described above. In these
tests, R and R were applied to the percentage of databases
searched, so that experiments on testbeds of different sizes
could be compared. We call these variations R(p) and R(p),
where p = n/N, and N is the number of databases in the
testbed.

5.3 Results

Figures 7 and 8 summarize the experimental results. Mea-
surements with R(p) (Figure 7) show that on all testbeds
the collections ranked highly by the CORI selection algo-
rithm contain a large percentage of the relevant documents.
This is an encouraging sign.

It may appear that the algorithm is more effective as
more databases are available for searching, but this is an
artifact of the distribution of relevant documents across the
databases. Measurements with R (Figure 8), which normal-
izes R by the best result possible from searching that per-
centage of databases, show that effectiveness on the 100 and
921 collection testbeds is very similar. The only difference
is when a very small percentage of collections is searched; in
this case, effectiveness with the large testbed is substantially
lower.

The 236 collection testbed appears to be a slightly easier
testbed than the 100 collection and 921 collection testbeds,
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% of Collections Searched

Figure 7: Database selection accuracy on testbeds of differ-
ent sizes.

but the results are otherwise similar.

The effectiveness of the CORI algorithm appears to be
related consistently to the percentage of databases searched,
irrespective of the testbed size. This is not inappropriate for
recall-oriented metrics such as R and R, but it implies that
a tenfold increase in available databases requires a tenfold
increase in search effort to achieve a given level of recall. We
would prefer a less linear relationship between testbed size
and search effort, which suggests that additional research on
database selection algorithms is required.

6 Conclusions

We have examined the performance of two database selec-
tion algorithms, ¢GIOSS and CORI. We have demonstrated
the high correlation between Ideal(l) ranks and the SBR
baseline. This supports our conjecture[9] that to gGIOSS
a database with very many documents of marginal simi-
larity will appear, in aggregate, to be more useful than a
database having a few documents with large similarity. We
have shown that CORI is a better estimator of RBR than
gGlOSS and is at least 10% more effective through R, lev-
els of 90%. In part this may be due to a better length
normalization strategy so that CORI is not as confounded
by databases with many documents of small similarity. We
have also shown that the difference in performance between
CORI and ¢gGIOSS is not due to Inquery weighting versus
SMART weighting.

In our experiments, the CORI approach required fewer
databases to be searched than gGIOSS on average to achieve
a specific recall level. This implies that CORI will be more
cost-effective in large, distributed environments having lower
latency for searches.

Our experiments investigating how well the CORI algo-
rithm scales to large numbers of databases produced a more
mixed message. The CORI selection algorithm produced
consistently accurate rankings on testbeds ranging from 100
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Figure 8: Scaled database selection accuracy on testbeds of
different sizes.

to 921 collections. This is clearly a positive result. How-
ever, consistency was observed in the percentage of databases
searched, not in the number of databases searched. For a
given level of recall, search effort appears to scale linearly
with the number of available databases. A less linear rela-
tionship is desirable, and perhaps required, in environments
containing very large numbers of databases. Our results sug-
gest that further research on database selection algorithms
is required.

We have demonstrated a systematic methodology for ex-
amining database selection algorithms. This is the first
study of this kind. We can now investigate other database
selection algorithms in the same framework and be able to
compare performance in a common experimental environ-
ment.

It will be instructive to repartition our testbed into a
similar number of sites, but with each site having about the
same number of documents. There are a number of ways
to do this, but each has drawbacks. Such a partition would
completely defeat the SBR baseline because every site would
have equal merit and thus all sites would be equally useful
under the SBR baseline. We think that this might be a more
demanding search environment and offer greater insight into
the behavior of these kinds of algorithms.

Acknowledgements. We thank Margaret Connell for her
assistance with experiments reported here.
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