Building a Digital Library for Computer Science Research:Technical IssuesIan H. Witten, Craig G. Nevill-Manning and Sally Jo CunninghamDepartment of Computer Science, University of Waikato,Hamilton, New Zealand.{ihw, cgn, sallyjo}@cs.waikato.ac.nzAbstractTechnical reports are available electronically athundreds of internet sites around the world. A majorimpediment to their utility in computer scienceresearch is the difficulty in locating reports that arerelevant to a particular area. We describe theimplementation of a digital library for computerscience technical reports that indexes every word ineach report, covers a majority of computer sciencetechnical report archives, and supports a variety ofsearch types despite the fact that documents are notformally cataloged. We discuss in detail techniquesfor constructing the digital library that minimizeInternet and local storage costs.Keywords Digital libraries, information retrieval,data compression, user interfaces1IntroductionThe New Zealand Digital Library for ComputerScience Research is a pilot project designed toexplore the potential of network-based digitallibraries.1 Currently, it provides access to 11,200research documents worldwide (310,000 pages, 130million words). Computer science is unique in thatmuch high-quality information already exists indigital form and is freely accessible on the Internet.Because the time value of information is high, thefield already relies more than most on pre-publication in the form of technical reports.The present project is unusual in several respects.First, it provides a full-text index of the entirecontents of each document, whereas other schemesindex on user-supplied document descriptions,abstracts, or other document surrogates. Second, itmakes a minimum of assumptions about conventionsadopted by document repositories. Other schemesrely for their information on the index file that ispresent by convention in most ftp directories oftechnical reports, or on other information providedexplicitly for indexing purposes. Third, closeattention is paid to the interface and to the real needs

1http://www.cs.waikato.ac.nz/~nzdlProceedings of the 19th Australasian ComputerScience Conference, Melbourne, Australia, January31—February 2 1996.of library users. Fourth, our work directly addressesthe problem of building the library in ageographically remote location with high Internetcosts�an environment in which the benefits ofnetworked library technology are especially striking.Finally, our scheme is extremely economical in localdisk resources.To place the library in the context of similarefforts, Table 1 summarises existing technical reportsearching and indexing systems. The physics e-printarchive, operating since 1991, has alreadysupplanted journals and pre-print mailings as theprimary information dissemination point for severalareas of physics. Documents are submitted by e-mailin TeX format, along with bibliographic informationwhich is used for indexing. NASA has a large indexto publications since 1962, but most references areto documents that are only available in physicalform. Computer Science is well endowed withindexes. The Harvest system contains a largenumber of documents, many of which are web pagesrather than technical reports. The documents areindexed on limited information extracted from theoriginal files. The DIENST system, a projectinvolving 14 universities, is based on scannedimages: indexing is performed on text produced byOCR. WATERS includes technical reports from 14universities and provides bibliographic searchesbased on information provided by participatingdepartments. UCSTRI allows searching of files ofabstracts, which often appear in technical report ftparchives. While this information is limited in scope,the collection includes 185 sites and 11,000documents.This paper describes the technical issues thatarose when constructing the New Zealand DigitalLibrary. Witten et al. (1995) give a more generaldescription of the project, and also discuss thesupport provided for bibliometric/scientometricstudies of the computing literature and of libraryusage patterns. The next section reviews thesystem�s overall structure. The following sectionsexamine in some detail the three phases of libraryoperation: collection, cataloguing, and retrieval ofinformation. Then we discuss some plannedenhancements that will improve access to thecollection. Finally, we summarize the present stateof the library and draw some conclusions.

NameDomainReferenceSitesDocsIndexed on e-print archivePhysicsGinsparg, 1994—user-supplied title, author, abstract

NTRSNASANelson, 19942 millionabstracts

UCSTRICSvan Heyningen, 199418511 094file of abstracts at ftp site

DIENSTCSDavis, 199414—bibliographic information provided

WATERSCSMaly, 199416—citation and possibly abstract

HARVESTCSBowman, 199429737 476limited info from several file types

NZDLCSthis paper17011 205full text from PostScript

Table 1: Technical report indexes on the Internet (— indicates that the figure is unavailable)

. . .170 technical report archives (6.6 Gb)

webserver4 indexed collectionsfacsimiles (260 Mb)text(250 Mb)source details: URL, size, datePostScriptuser

documentlistqueryplain text,facsimile,source details

collectioncatalogingretrieval

Figure 1: Architecture of the digital library2Structure of the Digital LibraryThe structure of the library can be viewed in termsof three processes that are fundamental to anylibrary operation: collecting, cataloguing, andretrieval. Figure 1 shows the architecture that hasemerged.The collection phase is dominated by:¥the need to provide access to as many technicalreports as possible, regardless of how or wherethey are stored;¥the cost of Internet transfers to New Zealand.It was resolved that the system should not requireany effort on the part of participating technicalreport repositories, and indeed these informationproviders would not generally be aware of theirinclusion in our index. No special software, archiveorganizations, or file formats are required of theproviders. The system design allows for any formatfrom which ASCII text can be extracted, forexample .dvi files, rtf files, document images (forwhich OCR would be used to extract the text), orPostScript. From an initial investigation it appearedthat the use of PostScript files was pervasive incomputer science technical report archives, so thesystem currently deals only with this format.To reduce Internet costs and local storagerequirements, it was decided that the New Zealandsite would hold only an index and search engine, thedocuments themselves remaining in their originalrepositories. It also proved expedient to retain a fullcopy of the text (the ASCII text, not the PostScript)of the document locally: this forms the basis for theindex and is useful in its own right for browsing.Moreover, the text of the collection provides anexcellent foundation for bibliometric research.Finally, a facsimile image of each document�s firstpage or two is retained locally so that users cansample the correctly formatted original.The cataloguing phase is hamstrung by the factthat we expect no information to be supplied byparticipating repositories apart from the actualdocument text itself. None of the standardbibliographic information�author, title, date,abstract, etc.�is available. Full-text search of thecontents of the documents seems to be the onlyviable access mechanism. Consequently an earlydecision was made to index the entire contents of thedocuments, rather than restrict access to fileinformation or title/author/abstract summaries.We decided to use a standard public-domainindexing and search engine, M G (Witten et al.,1994). In order to limit the scope of the project, weresolved not to modify the M G system at all. Toprovide the kinds of search that we feel library usersneed, we were forced to index multiple versions ofthe document collection�a somewhat ironicdevelopment considering the attention that MG paysto compression, but nevertheless a pragmaticdecision that has allowed us to get the library off theground very quickly.The retrieval phase is driven by an overridingdesire to make the system widely available over theInternet. This forced us to abandon the standard Xinterface to MG and build one based on the WorldWide Web. While considerably less functionalitycan be supported, universality of access isparamount in this application.

Source documentsSites170

Reports11 20566 reports per site

Original PostScript6.6 Gb590 Kb per report compressed with gzip2.3 Gb205 Kb per report

Extraction processtotalper report

Text708 Mb63 kb

132 million words12 000 words

310 671 pages28 pages compressed with gzip227 Mb20 kb

First page facsimiles24 656 pages2.2 pages

276 Mb24 kb

Times (elapsed) download compressed PostScript40 hours13 seconds extract text40 hours13 seconds render first-page image62 hours20 seconds transmit text and image to NZ25 hours8 seconds

Indexed collection

Text228 Mb

IndexIndexed byStemming and case folding reportyes29 Mb reportno39 Mb pageyes66 Mb first page onlyno4 Mb

First-page images276 Mb

Total642 Mb

Table 2: Current size of the digital library3Collecting: Gathering the InformationThe lowest common denominator for representinginformation in conventional libraries is paper, andmany digital library efforts involve scanned paperdocuments (e.g. Crocca & Anderson, 1995, VanHouse, 1995, Davis & Lagoze, 1994). At the outsetwe resolved to avoid any scanning and base thedigital library on machine-readable text. In the worldof electronic information, PostScript�rather thanplain, unformatted text�seems to be the closestanalog to paper as a document storage medium. Thecurrent size of the library is summarised in the toppart of Table 2. It provides access to 6.6 Gb ofPostScript files containing technical reports in thecomputer science area.One of the motivations for a New Zealand digitallibrary is efficient use of the expensive Internet linkto North America. Allowing computer scientists toseek technical reports and preview them locallybefore downloading the full PostScript fileencourages exploration without concern for networkcharges. However, to build the full-text index it isnecessary to examine the contents of each report.Transmitting all of them to New Zealand forindexing would cost many thousands of dollars, andnegate any cost benefits the project might offer.For this reason, we use a distributed scheme tocreate the index. In the first stage, a computer inNorth America (provided by the Department ofComputer Science at Calgary in Canada) downloadseach technical report, extracts the facsimile imagesof the first page or two and the full text of the entiredocument, sends them to New Zealand, and deletesthe report. This process is shown at the left ofFigure˚1. Figure 2 illustrates (at the top) an originaldocument in PostScript form, and (at the bottom) thetwo files extracted from it: on the left the full ASCIItext, and on the right the facsimile image of the firstpage.This operation, which is done at night to reduceits impact on network and machine performance inNorth America, significantly reduces thetransmission cost on the Pacific link. The 6.6 Gb ofuncompressed PostScript currently indexed by thelibrary is actually stored in repositories incompressed form, occupying approximately 2.3 Gb.In this form, each report takes about 13 seconds todownload to the North American site, whereas itwould take have taken about 36 seconds todownload to New Zealand because of the lowbandwidth of the current Pacific link. In actuality,only 708˚Mb of uncompressed text, which reduces to227 Mb when compressed, needs to be transmitted,

Computer Aided Design, 1994, to appear. A Systematic Approach for Analyzing the Manufacturability of Machined Parts Satyandra K. Gupta* Dana S. Nau University of Maryland College Park, MD 20742 USA Abstract The ability to quickly introduce new qualityprodu share. Because of pressing demands to reduce lead proposed design has become an important step in the for analysing the manufacturability of machine parts Evaluating the manufacturability of a proposed design

getinterval dup(Display)eq exch 0 4 getinterval(NeXT)eq or}{pop false} (/frabjous/nau/papers/mfg/cad93/paper10.dvi) @start /Fa %%Page: 1 1 1 0 bop 55 146 a Fv(Computer)17 b(A)o(ide)n(d)f(Design)p Fu(,)e(1994,)f(to)i(app)q(ear.)77 302 y Ft(A)21 b(Systematic)g(Approac) n(h)g(for)h(Analyzing)e(the)i(Man)n(ufacturabilit)n(y)e(of)749 394 y(Mac)n(hined)h(P)n(arts)525 520 y Fs(Sat)o(y)o(andra)c(K.)f(Gupta) 960 502 y Fr(\003)1150 520 y Fs(Dana)i(S.)e(Nau)1425 502 y Fr(y)727 624 y Fs(Univ)o(ersit)o(y)e(of)i(Maryland)656 680 y(College)g(P)o(ark,)f(MD)i(20742)h(USA)884 898 y Fq(Abstract)138 973 y Fp(The)f(abilit)o(y)e(to)h(quic)o(kly)g(in)o(tro) q(duce)h(new)g(qualit)o(y)e(pro)q(ducts)j(is)e(a)g(decisiv)o(e)h (factor)f(in)g(capturing)h(mark)o(et)76 1023 y(share.)31 b(Because)19 b(of)e(pressing)i(demands)e(to)h(reduce)h(lead)f(time,)f

Internal data in

parentheses Word fragments No spaces (a)

(b) (c)

Figure 2: Conversion from PostScript: a PostScript file, the raw text extracted from it, and a facsimile pagewhich takes about 4 seconds per report. Added tothis is the cost of transmitting facsimile images: 280Mb in total, or another 4 seconds per report. Thecentre block of Table 2 summarises these figures.To find archives of technical reports, we useseveral lists maintained on the Internet, includingBlythe (1995) and Harris (1995), and recursivelydescend the directory hierarchy looking forPostScript files. Each file is downloaded, along withits size and date, and the text and facsimile imagesare extracted.3.1Text extractionWhile the words of a technical report usually appearas plain text within a PostScript file, they arethoroughly intermixed with PostScript languagecommands and internal data. Words appear withinparentheses, but so does internal information such asfont names and error messages. Spaces are notexplicit, but are coded implicitly in terms of theplacement of words on the page. Finally, wholewords are not always bracketed together: to givegreater control over spacing, letters and wordfragments are often placed individually. For thesereasons, text cannot be extracted reliably bysyntactic analysis of the PostScript file. Figure 2aillustrates some of these problems: commands andinternal data in parentheses, just like document text;the word Aided broken into three fragments; and thelack of spaces between words.Our solution is to prepend a PostScript prologuethat redefines the operators responsible for placingtext on the page, and process the resulting file by aPostScript interpreter. The redefined operators writethe text fragments to a file, taking note of theirposition on the page in order to insert spaces andnew lines where appropriate. This technique is basedon part of the GhostScript distribution (the ps2asciiprogram), but is simpler and far more robust interms of the number of different PostScript files itcan handle (in fact, ps2ascii failed on 90 out of asample of 143 reports that we downloaded).Figure 3 shows the complete PostScript prologueused for this process. It involves an absolutespecification of the minimum inter-word spacing(currently set to 5 points) and inter-line spacing(currently 10 points)�crude heuristics which couldprobably be improved significantly but seem to workwell in practice. This process not only extracts thebody of the report, but also any text in figures andtables. It takes 13 elapsed seconds per report (on aSun SparcStation 10).

100 dict beginnew dictionary for operator redefinitions

/extract_file outfile (w) file defopen the output file

/extract_x 0 def /extract_y 0 defthe last location of the current point

/simple { currentpointput the current point on the stack extract_y sub abs line_space gt{ extract_file (\n) writestring } ifif the current point has moved up or down,output a new line extract_x sub space_width gt{ extract_file ( ) writestring } ifif the current point has moved right,output a space extract_file 2 index writestringwrite the string to the file systemdict begin cvx exec endshow the text to update current point currentpoint /extract_y exch def/extract_x exch defremember the current point for next time

} def/show { /show simple } deffor each variation of show, call simple

/ashow { /ashow simple } defwith the original operator on the stack

/awidthshow { /awidthshow simple } def

/widthshow { /widthshow simple } def

/kshow { /kshow simple } def

/showpage { extract_file (\nNZDL_NEW_PAGE\n)writestring } defrecord the page boundaries

Figure 3: The prologue used to extract text from PostScript documents

3.2First-page facsimileThe facsimile image of the first page(s) shows theuser the beginning of the document as it actuallyappears, complementing the raw text of the fullpaper. This provides an analogous service to alibrary supplying users with fax copies of the firstpage or two of a document.One approach is to store the PostScript version ofthe first page. However, PostScript documentsinvariably contain a lengthy prologue that definesfonts and special functions. This prologue isessential to interpret the first page, and it turns outthat in most cases the size of the file required toreproduce the first page is nearly as large as theentire document. Consequently we decided to storethe facsimile as a screen-resolution bitmap, so thatthe file size is bounded by the size of a standardpage. The facsimile images are produced by aPostScript interpreter as a 75 dpi bitmap, and aresaved as graphics files in GIF format. The averagesize of a one-page facsimile is 11˚kb, and itsproduction takes about 20 seconds.Unfortunately, the first page of many technicalreports shows little more than an institutional logoalong with the title and authors� names. The secondpage may also give little information. In order toensure that a page containing some content isimaged, we estimate the content of a page by thesize of the GIF file that represents it. Because theseimages are compressed, pages with large areas ofwhite space and big letters compress well, to a fewkb, while pages full of actual text occupy over tenkb. The extraction system renders pages in sequenceuntil the sum of the file sizes exceeds 10 kb. Thissimple heuristic seems to work well.4Cataloging: Building the DatabaseThe search engine for our digital library is thepublic-domain system M G . Tailored for highlyefficient storage of text, MG can store a full-textindex to a large collection of text in only 5% of thesize of the original text (Witten et al., 1994).Further, it provides exceptional response time inprocessing queries: experiments with the 750,000document TREC collection produce ranked outputfor queries of forty to fifty terms within three to fiveseconds.4.1Types of searchMG supports the usual Boolean and ranked keywordsearches over the full text of the document. Since thelibrary has no access to formal cataloginginformation for the technical reports, it cannotprovide descriptive field searching (such as author,title, and publication date). Moreover, MG does notsupport other common types of search, such aswithin-page searching or term truncation, unless thedatabase is specifically constructed for them. Weimplement several different kinds of search asfollows.Author/title. In the vast majority of reports, thefirst page gives bibliographic information such astitle, author, author�s institution, etc. By limitingattention to this first page, the user can approximatea search based on this type of information. Forexample, an initial page search for documentsauthored by Knuth will not retrieve documents thatmerely cite his work. To support such searches, wemaintain a separate index on the first page of each ofthe documents in the collection.

Publication date. Again, since most reports listthe date of publication on the initial page of thedocument, a publication date search can beapproximated by a first-page-only search. The MGsearch syntax does not support date range searchingdirectly (e.g. 1992—1994), but ranges can bespecified by OR-ing the desired dates (1992 OR 1993OR 1994).We plan to simulate publication date search bypermitting the user to search on the date in which atechnical report was entered into its repository.Several repositories are digitizing their older paperreports, and so this type of search is likely toproduce uneven results, because the timestamp onlyrecords the date that the report was stored and notthe date on which it was originally produced.However, we expect searches on file storage dates tobecome more accurate as the repositories catch upon their retrospective conversion.Page searching. The digital library stores the fulltext of technical reports, and supports searching overthe complete document text. This is very useful inperforming very general searches with high recall,that is, ones that retrieve a high proportion of therelevant documents in the collection. However, alarge number of irrelevant documents (�false drops�)can be expected as well. For example, in searchingfor information retrieval we could expect that manytechnical reports would contain both of those termssomewhere in the document, perhaps widelyseparated. The greater the physical distance betweenthe two words, the less likely that it is about thesubject information retrieval.We support proximity searching�permitting theuser to narrow the acceptable distance betweenterms�by an option requiring the query terms toappear on the same physical page of the document.Since MG does not store the location of each termwithin a document, we process these queries againstan additional index which treats each page of eachdocument as a separate item. Phrase searching isimplemented within MG by post-processing queryresults; a string search for phrases can be performedon documents returned by any query.Case folding/truncation/exact match. Retrievalsystems commonly allow the user to decide whetheror not the query terms should be exactly matched inthe document returned. Exact matches are useful, ifnot crucial, in constructing some types of search: forexample, in locating the author Gray rather than thecolor gray, or for finding documents about NeXTcomputers or the SMART system. On the other hand,case folding is required in order to avoid artificialdistinctions between capitalized and non-capitalizedforms of the same word (such as Information andinformation). Similarly, it is sometimes useful toretrieve all possible forms of a given word (retrieval,retrieve, retrieving). These truncated terms of theroot word should be sought automatically, withoutforcing the user to list all alternatives.To permit exact match searching, we index thedocument collection as is. We also maintain aseparate index of the collection with case foldingand term stemming enforced.4.2Size of collection and indexesThe lower block of Table 2 summarizes the size ofthe document collection and the storagerequirements for the MG indexes that comprise thelibrary. As discussed above, we maintain fourseparate indexes on the document collection:indexing by individual technical reports, both withand without case folding and stemming; indexing byindividual pages of reports; and indexing only thefirst pages of reports. While these separate indexesobviously increase the storage requirements of oursystem, they also support a wider range of searchoptions for users. The total space occupied by thefour indexes is 138 Mb, a mere 2% of the total sizeof the PostScript files that are indexed. The text ofthe technical reports occupies 228 Mb whencompressed by MG, giving a total of 366 Mb for thetext and index.2 Finally, the first-page facsimiles(centre block of Table 2) occupy an additional 276Mb, giving a total disk storage requirement of 640Mb.4.3Collection maintenanceAll that is necessary to maintain the library�scollection is to ensure that the documents indexedactually continue to exist. This can be checked byperiodically examining the technical reportrepositories for changes and updating the collectionaccordingly.UCSTRI, another technical report server thatstores only the document index and pointers to thedocuments themselves, reports frequent maintenanceproblems caused by changes in the technical reportrepositories that it indexes�for example, files beingrenamed or removed from the collection (VanHeyningen, 1994). However, it builds its index fromsummary files that are present by convention in mostftp directories of technical reports, and manyproblems inevitably arise from new or alteredformats for the document list on which UCSTRIrelies for its bibliographic information.One source of growth for the collection is whennew documents in known repositories are locatedand indexed during a routine examination ofcurrently indexed sites for the purpose of collectionmaintenance. Additionally, new sites can be detectedby various means: monitoring lists such as thosecompiled by Blythe (1995) and Harris (1995) fornew additions; manually scanning the newsgroupsthat announce new technical report lists; andencouraging users to email suggested new sites to acentral coordinator.However, an all-inclusive information collectionpolicy is basically unscalable and will become

2Honesty compels us to confess that in the currentimplementation, the compressed text is in factduplicated for each of the four indexes. A small changeto the system will remove this redundancy.

. Asignificant improvement would be to applyheuristics to detect paragraph boundaries so that thetext could re-paragraphed automatically by theWWW server to fit the user�s current window size.Finally, PostScript documents are sometimes storedin reverse page order (so that they come out the rightway round in the printer). We have found no reliableway of telling that they are backwards; again, aheuristic solution seems inevitable.7Status The library went online in May, 1995, with aninitial collection of approximately 2000 documents.Although it has been publicized only within theseven New Zealand universities, the library has beenaccessed from 40 sites�28 of them overseas. Thecurrent implementation is clearly both useful andseeing use, even as a prototype.8ConclusionA prototype digital library has been constructedwhich provides access to 11,200 documentsworldwide in computer science. Unique in its full-text index to all documents, it has alreadydemonstrated potential as a research tool. Thematerial in the library is distributed globally: thecurrent collection amounts to 6.6 Gb of PostScriptfiles. The volume of information stored centrally is640 Mb, 10% of the collection size. Of this,approximately one-fifth (2% of collection size)comprises a full-text index, two-fifths (4%) storesfacsimile images of the first page or two of eachreport, and two-fifths (4%) records the plain ASCIItext of all reports. Because reports were downloadedand processed by a North American site, only theimages and plain text had to be transmitted acrossthe Pacific.The concept is by no means limited to PostScriptfiles. Any file format will do so long as it is possibleto extract the plain text from it for indexingpurposes. For example, many sites are scanning oldreports and storing them as page images; these canbe accommodated within the library by OCR-ingthem for indexing purposes. The inevitable OCRerrors will reduce the quality of the index, but thiscan be ameliorated by using ranked queriescontaining redundant terms.This library provides a facility for accessing the�grey literature� contained in technical reports in thefield of computer science, a field which�becausethe time value of information is high�relies morethan most on pre-publication in the form of reports.Because of the extremely rapid rate of change in theInternet, the scheme is designed to perform a usefuljob in the short term, as well as lay the foundationfor full-text access to substantial documentcollections in the future. It represents an innovativeinvestigation into how digital libraries might benefitsmall, geographically isolated communities, andcounter the diseconomies of scale from which theysuffer in a world of exponentially growinginformation. The system can provide excellentresponse because the index is kept locally. Thisencourages browsing, and protects users fromvariable network loading and remote machinedowntime. The system also provides a source ofdetailed statistics on information retrieval and usageby a small research community, and a platform forresearch on the characteristics of the computingliterature as a whole.The project shows one way of dealing with thenew reality of Internet publishing. Making aminimum of assumptions, our digital library imposesstructure on a fundamentally anarchic, uncatalogued,system, giving information consumers a tool to findthe information they need.AcknowledgmentsWe would like to acknowledge the support of theNew Zealand Lottery Grants Board for this project.Thanks to Mike Vallabh and Brent Summers fortechnical assistance, and to Tim Bell and MarkApperley for encouragement and advice. BruceMcKenzie provided the prototype WWW interfaceto MG.

References[1]J. Blythe. On-line CS Tech reports.http://www.cs.cmu.edu:8001/afs/cs.cmu.edu/user/ jblythe/Mosaic/cs-reports.html.[2]C.M. Bowman, P. Danzig, U. Manber andM.F. Schwartz. Scalable Internet resourcediscovery: Research problems and approaches.Communications of the ACM 37(8), pages 98—107, 1994.[3]W.T. Crocca and W.L. Anderson.Delivering Technology for digital libraries:experiences as vendors. Proc. Digital Libraries�95, pages 1—8, 1995.[4]S.J. Cunningham, N. Empson and R.Kamau. Bibliomania: what can we learn fromthe research literature?Proc. New ZealandComputer Society Conference, 1995.[5]J. Davis and C. Lagoze. A protocol andserver for a distributed digital technical reportlibrary. Technical Report 94-1418, ComputerScience Department, Cornell University, 1994.[6]P. Ginsparg. First steps towards electronicresearch communication, Computers in Physics8(4), p. 390—401, 1994.[7]R. Harris. Computer Science TechnicalReports Archive Sites.ftp://rdt.monash.edu.au/pub/techreports/sites/sites-list-data.[8]M.A. Hearst. TileBars: visualization ofterm distribution information in full textinformation access. Proc. CHI’95, pages 56—66;May, 1995.[9]K. Maly, E.A. Fox, J.C. French and A.L.Selman. Wide area technical report server.Technical Report , Dept. of Computer Science,Old Dominion University, 1994.[10]M.L. Nelson, G.L. Gottlich and D.J.Bianco. World Wide Web implementation ofthe Langley Technical Report Server. NASATechnical Memorandum 109162, LangleyResearch Center, Hampton, Virginia, 1994.[11]N.A. Van House. User needs assessmentand evaluation for the UC Berkeley electronicenvironmental library project: a preliminaryreport. Proc. Digital Libraries �95, pages 71—76, 1995.[12]M. VanHeyningen. The Unified ComputerScience Technical Report Index: Lessons inindexing diverse resources. Proc. SecondInternational WWW Conference, Chicago,1994.[13]I.H. Witten, A. Moffat and T.C. Bell.Managing Gigabytes: Compressing andindexing documents and images. Van NostrandReinhold, New York, 1994.[14]I.H. Witten, S.J. Cunningham, M. Vallabhand T.C. Bell. A New Zealand digital library forcomputer science research. Proc. DigitalLibraries �95, 25—30, Austin, Texas, June, 1995.