Collection Maintenance in the Digital LibraryMark S. AckermanRoy T. FieldingInformation and Computer ScienceUniversity of California, IrvineIrvine, California, USA, 92717{ackerman, fielding}@ics.uci.eduhttp://www.ics.uci.edu/CORPS/ackerman.htmlOnce this [restoration of learning] was the task ofprinces, and it was the greatest glory of Ptolemy.But his library was contained between the narrowwalls of its own house, and Aldus is building up alibrary which has no other limits than the worlditself. -- Erasmus, Adages, 1508I love the Web. You can find all kinds ofinteresting information. At least theoretically youcan. Of course, things come and go, andsometimes you can�t find what you�re looking for.-- Professor of Computer Science.ABSTRACTMaintenance will be critical to digital libraries, especiallythose that promote broad access to diverse, informalmaterials. If ignored, maintenance issues within thedigital library -- especially those relating to its materials --will threaten its usefulness and even its long-termviability.We perceive the maintenance problem to be both technicaland institutional, and this paper considers the maintenanceof the digital library as both institution and technology.The paper examines collection maintenance from severalvantage points, including software architecture and thetype of collection, arguing that digital libraries that containinformal and dynamic material will have substantiallygreater maintenance problems. The paper ends with anexamination of potential technical solutions.KEYWORDS: digital library, collection, maintenance,World Wide Web, organizational memory, usabilityINTRODUCTIONAs with any new technology-based idea, there has beenconsiderable controversy over the definition andpossibilities of the term �digital library.� To the computerscience community, the new technical possibilities beckonenticingly. However, as traditionalists in the librarycommunity might point out, important issues are beingignored.This paper promotes a view of collections and the long-term consequences of their operation, based in aconsideration of digital libraries as social institutions.This runs contrary to the substantial body of digital libraryresearch that focuses on creating the initial collections andproviding access mechanisms. We believe that theproblematic must be recast to include long-term issues.By centralizing those issues surrounding the maintenanceof institutions and their artifacts -- especially the librarycollection -- important considerations for the long-termsuccess of digital libraries emerge.To distinguish our concerns from traditional collectionmanagement, we call these concerns collectionmaintenance. We use �maintenance� to deliberatelyinvoke �software maintenance� and its often ignoredimportance for software systems.1 As will be discussedbelow, collection maintenance is likely to be a significantproblem in the digital library -- more so than in traditionallibraries or current organizational memory repositories.The conception of collection advocated here includesaccess to informal and dynamic information, albeit with astrong caveat. In our view, informality and dynamismmaterially increase accessibility and content issues overthe long run. Collection maintenance for this expandednotion of collection will be difficult, but absolutely criticalsince:The necessities and problems of collectionmaintenance are intertwined with institutionalviability over the long-run.The traditional, or paper-based, library has establishedmethods of maintaining access over the long-run.However, we do not yet have maintenance methods for thedigital library, especially within the conception thatincludes informal and dynamic materials.

This paper begins by discussing the differing notions ofthe digital library, anchoring the issues in an analysis ofinstitutional needs and practices. We then examine thevarious types of collections, including those that includedynamic and informal materials. This consideration ofcollection types and their control lends itself to analyzingthe institutional arrangements and resulting maintenanceissues for digital libraries.This analysis proffers two conclusions. First, maintainingcollections that are extensions of traditional collections(with delineated boundaries) not surprisingly requires onlyextensions of traditional methods. Existing institutionalarrangements and resources can be modified to handlethese requirements. Second, maintaining collections thatinclude dynamic and informal information will be possibleonly with new technical solutions. We therefore end thepaper with some prototypical software tools, using theWorld Wide Web as an example. One, calledMOMspider, checks links within a defined area of theWeb. The other, called Web:Lookout, checks for newlinks and information in previously viewed Web pages.THE �LIBRARY� AND ITS BOUNDARIESIn this paper, we wish to discuss the long-term issues inmaintaining a digital library as both technology and asinstitution. However, before doing that, we need to decidewhich conception of the term �digital library� to consider.This issue, one of social construction, has implications forthe types of maintenance technologies that will benecessary and useful.2The Broadly -Construed LibraryAs Levy and Marshall [17] note, there is the �digitallibrary� narrowly-construed and more broadly-construed.In their paper, they argue for the broadly-construed digitallibrary. Their vision argues for rich access to a variety ofmaterials, all of which can be used in an interpretive andcollaborative manner:We argue ... that the design of digital libraries musttake into account a broader range of materials,technologies, and practices -- transient as well aspermanent documents, fluid as well as fixedmaterials, paper as well as digital technologies,and collaborative as well as individual practices.(p. 163)In a related paper, Marshall, Shipman, and McCall [20]argue for fluid access and integration among manydisparate sources. They further offer an idealisticconception of what technology could allow.On the other hand, the narrowly-construed library is asingle collection, defined sharply from materials not in thecollection. As opposed to the broadly-construed library,the narrowly-construed library lacks integration with otherinformation sources and community practices. Itpresumably does include new possibilities of access, butperhaps only those pre-defined by the library designers.Miksa and Doty [21] argue for the narrowly-construeddigital library. This view idealizes the role of thecollection and the additional indexing above the rawmaterial:...the idea of the library includes the constructionof a set of arrangements that overcomes thedisparateness of the individual sources by relatingthem to one another in terms of a single,operational, intellectually structured whole. (p. 4)Both of these papers attempt to confront the boundaries ofthe collection, and those boundaries are in different placesfor the two papers. Miksa and Doty emphasize thecollection and intellectual access to it. Levy andMarshall�s emphasis is on access and use of the collectionby a community, and since their emphasis is on practice,the collection is used in conjunction with otherinformation sources.These Digital Library �94 papers offer visions of what isimportant in a digital library, and as such, offerconsiderable insight into two sets of important corebeliefs. These two sets of beliefs are not completelyseparate; we tease them apart here because of their subtleimplications for maintenance and the kinds of institutionalarrangements required for that maintenance in the long-run. One view, more intrinsic to the library community,has found it important to consider collections, theintellectual access to them, and classification (e.g., [12, 16,24]). Another view, held more strongly by the hypertextcommunity, has an interest in direct-manipulation accessand integration issues among heterogeneous materials(e.g., [22]). Although not completely separable, theseviews point to different emphases on what is important tomaintain. One emphasizes selection from a bibliographicuniverse; the other, interaction among materials.Multiple Libraries and Multiple CollectionsThe apparently dichotomous nature of the digital libraryarchitecture has broad consequences for its maintenance.However, most technical architectures will be somecombination; it will be argued below that this is likely forinstitutional reasons. In this section, we show that sometechnical architectures muddy the question of broad versusnarrow. It is entirely possible to have both types oflibraries simultaneously.Figure 1 shows some possibilities; we mean for these to beillustrative rather than definitive examples of technicalpossibilities. Figure 1(a) is the library narrowly-construedwith an application that serves as a personal client. Thisclient would function in much the same way as a Z39.50(information retrieval) client, providing a satisfactory user

(a) personal client

( b ) group or organizational memories as intermediary collections

( c ) personal client with many collections including informalFigure 1: Potential configurations of personal clients, intermediate collections,formal collections, and informal sourcesinterface and user functionalities. Figure 1(b) shows thatthere could be organizational memories or otherinformation repositories serving as group collections [2,3]. Finally, Figure 1(c) shows the range of possibleinformation sources. Here, the personal client interactswith organizational memories, group or intermediateinformation repositories, multiple digital libraries, andinformal sources of information (such as the Web orUsenet).These architectures suggest that by extending othermetaphors, we can find other results. For example, if weextend �personal library�, we find a need for integratinginformation sources, not for all of society but for anindividual. We can also extend �corporate library� or�organizational memory� to consider informationrepositories for groups or organizations, intermediategroupings between society and the individual.Such architectures provide not just intriguing technicalpossibilities for computer scientists. They also provideways for the narrowly-construed digital library to beincorporated within personal, group, and organizationalinformation repositories. These intermediate architecturessuggest that the idea of collection will be much moreporous in the digital library: The intermediaries that areonly implicit in the traditional library will be much moretightly tied into the digital library. However, the linking inand arrangement for multiple collections, intermediatelayers, and informal materials makes some currentinstitutional practices difficult, especially those related tothe maintenance of the library over time.Institutions and Their Practices Over TimeThe library community has been very successful inmaintaining traditional libraries and has developed manypractices and ideals to do so. Among them are the ideas ofunified collections and access methods (includingorganized indices and catalogs). In fact, one could arguethat many core library activities, such as circulation,technical services, and even shelving, were created by thelibrary to maintain access to its collection over time.In this institutional analysis, any set of practitionersdevelops normative structures over time to promote themaintenance and promulgation of their community (as in[11]). (This is the larger context of technicalmaintenance.) It is not just that the institutions themselvesprovide for their continued existence; the communitymembers promote such activities for the institutions [5].It is essential to note that this set of practices and idealsmaintain the traditional library as institution and ascommunity of practice together over time. Thisequilibrium is in the process of being disturbed ordestroyed with the intrusion of new technical possibilities.We therefore ask: What will be required to maintaincontinued access and availability of the digital libraryover time?Only some of the practices of the traditional library willcarry into the digital world, perhaps only for a narrowconception of the digital library. Furthermore, thehypertext and computer science communities have no suchtraditions and practices for the broadly-construed library.If we wish either vision to be successful, the abovequestion must be answered. Some of the answer will beinstitutional and some of it will be technical. The mix that digital library typetraditional libraryorganizationalinformationrepository(organizationalmemory)World Wide WebUsenet or othercomputer-mediatedcommunicationsystemtype ofcollectionmonographs, serials,special collectionsdocuments and filestext and multimedianodesmessagesauthoringagenciesauthors and theirpublishersorganizationalmembers orsanctionedindividualsanyoneanyonecollectioncontrolselection byorganizationalmembers (e.g.,bibliographers)selection byorganizationalmembers. Mayhave requirementsfor official approvalnone (or individual)none (or moderator)Table 1: Collection control in digital libraries (by type)is possible, however, will be dependent on the types ofdesired collections as well as the potential controlmechanisms for those collections.COLLECTIONS IN THE DIGITAL LIBRARYIn the management of most resources, managerial controlcan play many roles. In the digital library, differentcontrol mechanisms over the collection are possible, andthese control mechanisms will influence the possibilitiesand necessities for maintenance. These controlmechanisms are influenced by collection types, as anexamination of different collection types demonstrates.Collection Types and ControlLibraries have always managed their collections, selectingand removing items from their shelves. This has beenviewed as a critical function of library management [12,14, 24]. According to the collection managementliterature, the practices of collection management aredependent on the type of library collection. For example,Drew and Dewe [9] distinguish ephemera in specialcollections from other items, and Kovacs [16]distinguishes among types of libraries. We will argue herethat new types of collections in the digital library will lendthemselves to new types of maintenance issues.Table 1 delineates four types of digital collections. This isnot the only method of distinguishing among �digitallibraries�; for example, we could have included accessmethods or network topologies. Additionally, an actualdigital library could have elements of any (or all) of thesetypes. Nonetheless, distinguishing among types on thebasis of control over the collection is important to thecontinuing operation of a collection.In a traditional, or paper-based, library, there isconsiderable control over the collection. Versions ofpublications are stable (i.e., the contents of non-ephemerado not change from copy to copy). More importantly,because the collection is physically contained, there isconsiderable control over the collection. Library staff candecide what is and what is not in the collection.Maintenance of the collection is within the purview of theinstitutional members.At one opposite is the World Wide Web. The Web nodesoften change, in content, location, and even existence. Onthe other hand, the content in a location does not shiftrapidly; it tends to remain relatively stable. There is nocontrol by any given individual over the entire Web. Anindividual has control only over his nodes and theselection of pointers to others� nodes (URLs) that providethe capability for extended collections.At another opposite is Usenet or similar computer-mediated communication (CMC) systems. The locations(i.e., channel or topic) do not change, but the contents ofany given location (e.g., comp.sys.laptops) changeconstantly. The control over the collection for this type isalso very low for any given individual.

lowhighlowhightraditional librariesWorld Wide WebUsenet or other Computer-Mediated Communication systemorganizational memories (org. information repositories)dynamism of versionsdynamism of contents on channelFigure 2: Dynamism (volatility) in types of digital library collectionsIn the middle of both dimensions is the organizationalinformation repository (organizational memory). Sincethe information resides within an organization and sincethe organization generally provides a sanctionedorganizational member to manage the system, there isconsiderable control over its collection. Nonetheless,organizational memories tend to be more dynamic thantraditional library collections; for example, they mayinclude informal information, time-sensitive information,or bulletin board mechanisms.Collection MaintenanceThe variation in collection control determines the type ofinstitutional and technical maintenance possible.Collections that are closer to those in traditional librariescan use more traditional control and maintenancemechanisms. Digital libraries that incorporate moreindividualistic, dynamic, and informal information mayneed to find new maintenance mechanisms.Digital libraries, if self-contained in a manner similar totraditional libraries (i.e., the narrowly-construed library)will be able to draw upon traditional methods andpractices. Traditional libraries, as noted above, havedeveloped methods for maintaining their core set ofinstitutional ideals, their community of practice, and theircollections of materials. Although many maintenancepractices will need to be adapted -- such as preservationand circulation control as extreme examples -- the existingpractices can serve as the bases for new norms andpractices. We have argued above that such norms andpractices are required for the long-term viability of thedigital library as institution. Therefore, if the adaptation ofcurrent practices is successful, then the narrowly-construed digital library will stand a much greater chanceof success in the long run.These traditional practices, however, have had theirlimitations. They were based on a constrained collection;i.e., a selection from the bibliographic universe. Atraditional library could never cope with much ephemera;it would require too many resources. To adequately index,catalog, and otherwise conform to the institutional idealsfor the broad range of ephemera would be overwhelming.In the past, there were strong institutional reasons toconstrict the bibliographic universe.Going digital, however, changes the cost structure, andcollection and maintenance costs need to be revisited. It isnot necessary, for example, in a digital universe to hand-index all materials; there are other methods of access.There is considerable evidence that this change in the coststructure is affecting organizational memories (see [15] fora popular summary). As Figure 2 shows, however, thedynamism and volatility of organizational memories tendto be close to that of traditional libraries. That is,organizational members can reliably return to the samelocation in the organization�s information repositories tofind the same materials. However, the widespread interest in Lotus Notes, which combines electronic messaging anddocument storage, argues that combining formalorganizational materials with informal is valuable (e.g.,[23]). It will be interesting to see how existingmaintenance procedures within organizations will adapt[7, 8, 25, 27].Nonetheless, because institutional adaptation is muchmore manageable and amicable than extreme change, weexpect that there will be pressure to have digital librariesas discrete and contained collections. The resourcelimitations of any social institution argue for defining adiscrete collection as well [19]. Of course, it will bepossible to incorporate these narrowly-construed librariesin architectures that promote broad access.In addition, the broadly-construed digital library lackspractices that will maintain itself over the long run. Thesame incentive that promotes use of the Web or of Usenet-- namely that there is no intervening institution betweenthe author and his potential audience -- also brings its owndisincentives to systematic use. As discussed, both theWeb and Usenet have high levels of volatility. Thelocation of Web nodes can change without notice. Usenetgroups (e.g., comp.multi-media) do not change locations,but the message traffic changes constantly. And fromTable 1, there is little, if any, control over either of theseinformal collections.The individualistic orientation of both the Web and Usenetargues against easy control over the collection. Withoutinstitutional control, each individual using the collectionmust deal with the maintenance issues himself. If theinformal materials are dynamic or volatile, then there is aconstant maintenance problem.Requiring every user to provide for collection maintenanceraises the costs considerably. Users must determinewhether materials will continue to be available, accessible,and even understandable.Collection maintenance, then, will be a critical limitationof the broadly-construed digital library. If the broadly-construed library, with its access to multiple sources, is tobe viable, users cannot have a high maintenance cost overthe long run. It will be necessary to reduce the cost oflong-term use, and without mediating institutions, thisreduction will need technical solutions.3 The followingsection examines two such maintenance tools.MAINTENANCE AGENTS AND FILTERSThe World Wide WebCollection maintenance tools will be necessary for thedigital library. As examples of these tools, we brieflyconsider here several potential mechanisms for reducingthe user�s maintenance cost in his continued use of theWorld Wide Web.These examples are limited. Although many of the sameissues exist for other informal materials, the mechanismsfor dealing with them may not. For example, trying tocapture traffic on Usenet groups might require methods ofsummarizing series of messages. Still, the Web is avaluable testbed for dealing with maintenance issues.Additionally, since many computer science pre-pressmaterials are available on the Web, the Web serves as asalient and immediately useful example.The Web shares the same maintenance problems as mosthypertext systems. For example, in a hypertext collectionsuch as the Web, one needs to:¥Check that there are nodes at the other end ofa link. In a distributed system such as theWeb, the site may no longer exist, or the nodemay have moved. If a node or link haschanged or has vanished, there will not be alocal notification.¥Determine that all nodes have links into them(i.e., there are no orphans other than entrypoints into a local area).¥Check that the information in nodes is notobsolete (e.g., by examining expiration datesfor objects).Since standard Web clients do not provide typeinformation for nodes or links, consistency checking fortypes is not feasible. Similarly, since versioning is notgenerally supported, no checking for the correct versioncan be made.Below are several semi-autonomous agents that attempt toameliorate Web maintenance problems. Neither agentsnor the list of problems is without omission, and again,these mechanisms are meant to be suggestive of work thatwill be required for the broadly-construed library.MOMspiderMOMspider (Multi-Owner Maintenance spider) canautomatically traverse a focused portion of the Web. It ismost valuable in checking a portion of the Web as a localcollection.MOMspider identifies items that require the owner�sattention such as broken links, moved documents,modified documents, and owned objects with expirationdates near to the current date. It can also provide an indexdocument that can itself be traversed as a hypertextdocument. MOMspider [10] is conceptually based on anearlier tool for the Answer Garden Substrate [1].

This automatic maintenance obviates the need forcontinuous, manual traversal of a Web collection. TheWeb may be traversed by owner, site, or document tree,and it is possible to mark areas for the spider to avoid.However, for efficiency reasons, MOMspider performs thetraversal from the perspective of a site administrator.Furthermore, MOMspider cannot analyze changedmaterials to see if the changes are significant to the user.This centralized focus makes it harder for individuals touse MOMspider for personal collections and limits theirability to customize the maintenance process (and focus it)to their needs.Web:LookoutWeb:Lookout [4] is a semi-autonomous agent that canperiodically examine a compiled list of interesting Webnodes or areas. Web:Lookout can determine when links ornodes have been added, removed, or changed.Like MOMspider, the purpose of Web:Lookout is to avoidmanual maintenance. Its major use is to automate theexamination of �hot lists� or �favorites pages�. It is fairlycommon on the Web for individuals to have nodes withlinks to other individuals� interesting nodes. Theseinteresting nodes may be associated with a given topic (forexample, computer-mediated communication or Webagents), making them extremely valuable to researchers.Additionally, individuals may have pages with pointers towork in progress, pre-press or published papers, informaldescriptions of projects, data, and the like. Again, thesepointers can be extremely valuable to researchers.Unfortunately, without examination, there is no way toknow when an author has added in a new link. Similarly,one cannot know when an author has added nodes to hisWeb area, perhaps providing new descriptions or progresson a project. Instead of having to manually traverse theselists to look for new items, Web:Lookout allows users toautomate this process.Unlike MOMspider or other robots that periodicallyexamine specific locations for any change, Web:Lookoutnotifies the user only upon interesting changes. Itsheuristic examines nodes for the specifics of content andlink changes. For example, if the user were looking fornew publications by a colleague, he could request thatWeb:Lookout note whether a local link has been added tothe colleague�s publication page. In this scenario, the userwould probably not be interested that links have beendeleted or text has been added; Web:Lookout would notnotify the user of these things if so instructed.Web:Lookout can also determine whether the content hassignificantly changed (measured by a similarity metricwhich the user can set), whether a localized Web area haschanged shape, and whether other individuals havestopped finding a particular link interesting. Web:Lookoutcan also place its results in a Web page for others to use.The ability to obtain automatic notifications of changes inother parts of the Web complements the social practice ofproviding interesting links. As such it serves as a usefulsocial filter, similar in effect but not in mechanism toMaltz and Ehrlich�s pointer filter [18]. Web:Lookout is, intheir parlance, an active filter; however, Maltz and Ehrlichrequire each author to notify potential users.Web:Lookout removes this notification bottleneck.Limitations of Maintenance AgentsThe major issue with informal material is itsimpermanence. While informal material has theadvantage of being more timely, it also vanishes. Toreturn to the material later, it must be captured in somepermanent store. Neither agent presented above deals withthis problem.Permanently storing all informal materials within a centrallocation would be prohibitively expensive. Thisessentially duplicates the traditional problem of selectingephemera from the bibliographic universe. To select morethan a handful would threaten the rest of the collectionbecause of the cost.However, the costs to any given individual user may notbe large. It is possible that any given user would notrequire substantial storage, and a simple mirroring processmight be adequate. Empirical investigation of user habits,however, is required to determine whether this is feasible.A further limitation is the inadequacy of anycomputational method of examining content. Robotscannot fully examine the intellectual content of informalinformation, and any attempt to even partially examinecontents may require extensive network resources. Wehave tried to consider this in the design of Web:Lookout,which uses no more resources than manual traversal.However, careful consideration will need to be paid to thetradeoff between efficiency and usefulness.CONCLUSIONSThis paper examined some of the mechanisms required tomaintain the digital library over the long-run. Collectionmaintenance is likely to be a significant issue in the digitallibrary -- more so than in traditional libraries or currentorganizational memory repositories.Following Levy and Marshall, we examined in this paperboth the broadly-construed and narrowly-construed digitallibraries. The narrowly-construed library is an analog ofthe traditional library where the collection has knownboundaries. Because of the possibility of control over thecollection in the narrowly-construed library, many of the institutional mechanisms for maintaining collections canbe assimilated from the traditional library.In the broadly-construed digital library, users are able toaccess diverse materials. The inclusion of dynamic andinformal materials in the collection, however, leads toserious control and long-run maintenance issues. Becauseof the lack of control over the collection (or collections),technical mechanisms will be needed for collectionmaintenance.While this paper ended with several technical possibilitiesfor collection maintenance, we wish to emphasize that weperceive this problem to be both technical andinstitutional. Many proposals for digital libraries removesocial exchange and interaction, focusing narrowly on thetechnical mechanisms of information; however, a strictlytechnical emphasis will not lead to an adequateunderstanding of the long-run issues in digital library use.Accordingly we have tried to emphasize both the technicaland the social perspectives. The digital library is morethan a set of technologies; it is also a social institution withlong-term needs and maintenance requirements.ACKNOWLEDGEMENTSThese projects have been partially funded by grants fromthe UCI Committee on Research and NASA (NRA-93-OSSA-09), and the Advanced Research Projects Agency(MDA972-91-J-1010). The content of the informationdoes not necessarily reflect the position or the policy ofthe U.S. Government and no official endorsement shouldbe inferred.This paper benefited from conversations with SteveFranklin, Neal Kaske, Rob Kling, Jonathan Grudin, andLisa Covi.REFERENCES1.Ackerman, M. S. Answer Garden: A Tool forGrowing Organizational Memory. MassachusettsInstitute of Technology, Ph.D. Thesis, 1993.2.Ackerman, M. S. Augmenting the OrganizationalMemory: A Field Study of Answer Garden.Proceedings of Conference on Computer-SupportedCooperative Work (CSCW�94), 1994: 243-252.3.Ackerman, M. S. Definitional and ContextualIssues in Organizational and Group Memories.Proceedings of Twenty-seventh IEEE HawaiiInternational Conference of System Sciences(HICSS 94), 1994: 191-200.4.Ackerman, M. S. Web:Lookout: A Social Filter forthe Web. In preparation, 1995.5.Berger, P. L. and T. Luckmann. The SocialConstruction of Reality: A Treatise in the Sociologyof Knowledge. Anchor, New York, 1966.6.Callon, M. Society in the Making: The Study ofTechnology as a Tool for Sociological Analysis. InBijker, W. E., T. P. Hughes and T. Pinch (ed). TheSocial Construction of Technological Systems. MITPress, Cambridge, MA, 1987.7.Chalmers, A. M. Case Study: RecordsManagement in a Pharmaceutical Environment.Records Management Journal, 1989, 1(1): 19-28.8.Dollar, C. M. and T. E. Weir. A National ArchivesStrategy for the Development and Implementationof Standards for the Creation, Transfer, Access, andLong-Term Storage of Electronic Records of theFederal Government. National Archives, NationalArchives Technical Information Paper No. 8, 1990.9.Drew, P. R. and M. D. Dewe. Special collectionmanagement. Library Management, 1992, 13(6): 8-14.10.Fielding, R. T. Maintaining distributed hypertextinfostructures: Welcome to MOMspider�s Web.Computer Networks and ISDN Systems, 1994, 27(2):193-204.11.Foucault, M. Madness & Civilization. Vintage,New York, 1973.12.Gardner, R. K. Library Collections: Their Origin,Selection, and Development. McGraw-Hill, NewYork, 1981.13.Ghezzi, C., M. Jazayeri and D. Mandrioli.Fundamentals of Software Engineering. PrenticeHall, Englewood Cliffs, NJ, 1991.14.Hall, B. Collection Assessment Manual for Collegeand University Libraries. Oryx, Phoenix, 1985.15.Kirkpatrick, D. Why Microsoft Can�t Stop LotusNotes. Fortune, 1994, 130(12): 141-148.16.Kovacs, B. The Decision-Making Process forLibrary Collections: Case Studies in Four Types ofLibraries. Greenwood Press, New York, 1990.17.Levy, D. M. and C. C. Marshall. What Color wasGeorge Washington�s White Horse? A Look at theAssumptions Underlying Digital Libraries.Proceedings of Digital Libraries �94, 1994: 163-169.18.Maltz, D. and K. Ehrlich. Pointing the Way: ActiveCollaborative Filtering. Proceedings of ACMConference on Human Factors in ComputingSystems (CHI�95), 1995: forthcoming.19.March, J. G. and H. A. Simon. Organizations.Wiley, New York, 1958.

20.Marshall, C. C., F. M. Shipman and R. J. McCall.Putting Digital Libraries to Work: Issues fromExperience with Community Memories.Proceedings of Digital Libraries �94, 1994: 126-133.21.Miksa, F. and P. Doty. Intellectual Realities and theDigital Library. Proceedings of Digital Libraries�94, 1994: 1-5.22.Nelson, T. Literary Machines. Private printing,Swarthmore, PA, 1981.23.Orlikowski, W. J. Learning from Notes:Organizational Issues in GroupwareImplementation. Proceedings of ComputerSupported Cooperative Work (CSCW) �92, 1992:362-369.24.Osburn, C. B. and R. Atkinson. CollectionManagement: A New Treatise. 1991.25.Robek, M. F., G. F. Brown and W. O. Maedke.Information and Record Management. GlencoePublishing, Encino, CA, 1987.26.Schach, S. R. Software Engineering. Irwin,Homewood, IL, 1990.27.Walch, V. I. The Role of Standards in the ArchivalManagement of Electronic Records. AmericanArchivist, 1990, Winter 1990: 30-43.1In software engineering, maintenance is generally defined asany development, enhancement, correction, or adaptation afterthe initial release of a software product [13, 26]. It includesanything required to keep the system running or to continueaccess by users over time. According to Schach [26],maintenance consumes about 65% of a software product�s cost.2The development and continued existence of institutions andtheir technologies interact. This is something of a paradox in thatwe need to know the future in order to design the systems for it.It is worth considering Callon�s tale of technological innovation[6]. In his analysis, designers of technical systems are forced topredict the future, since their designs succeed or fail based ontheir understanding of the potential future. While developingtechnical solutions, we are forced to confront the sociologicalissues. We would extend this to argue that the futures come toexist in interaction with the technologies. In short, thesociological and the technical possibilities and constraints areintertwined.3It may be possible that new forms of control and maintenancewill arise, but there is no evidence of this as of the present.Developing institutional practices without an institution would bedifficult.