� University of SouthamptonDepartment of Electronics and Computer ScienceUniversity of SouthamptonSouthampton SO9 5NHIntegrating InternetResource DiscoveryServices with OpenHypermedia SystemsRupert HollomWendy HallCSTR 93-18

AbstractOver the past few years the number of people accessing the Internet and the quantityand variety of resources available through this medium has increased dramatically. Toenable easier access to these information stores systems have been developed topartially automate the location and retrieval of any required part of this data reserve.These utilities can, at present, be used in conjunction with existing hypermedia systemsas peripheral parts rather than as an integrated item. This paper will discuss thesesystems and investigate methods by which they can be used, and how they may increasethe effectiveness of hypermedia systems, such as Microcosm, if they can be made anintegral part of such software environments.

CONTENTS

CSTR 93-181Contents1. Introduction................................................................................. 22. Overview of Internet Resource Discovery Services..................... 32.1. Alex.................................................................................... 32.2. Archie................................................................................. 42.3. Gopher................................................................................ 52.4. Indie.................................................................................... 72.5. Prospero............................................................................. 72.6. Unique Resource Locators................................................. 82.7. Wide Area Information Servers......................................... 82.8. World Wide Web............................................................. 103. Using currently available Internet Resource Discovery Systems with OpenHypermedia Systems............................................................... 123.1. Using existing Internet Resource Discovery Systems withMicrocosm....................................................................... 123.2. Integrating Internet Resource Discovery Systems into Microcosm144. Why Internet Resource Discovery Services should become an integral partof Microcosm............................................................................ 155. Future Work.............................................................................. 166. Conclusion................................................................................. 167. References.................................................................................. 17

OVERVIEW OF INTERNET RESOURCE DISCOVERY SERVICES.

CSTR 93-1821. Introduction.Although the Internet has been under construction for just over twenty yearsuntil recently the main areas of activity have been those of physicalconnectivity, i.e. spreading the territory of the Internet, data transmissionintegrity, speed and capacity. The result of these efforts has been a markedincrease in the areas using the Internet. The number of users connecting to theInternet has also risen dramatically as an indirect result of the increasedavailability and reliability of the service. It has been estimated that one millionmachines are connected interactively and a further several hundred thousandare periodically connected (electronic mail and network news) daily to theInternet [Schwartz, M.F., Emtage, A., Kahle, B., Neuman, B.C. (1992)].As a result of this increased utilisation the volume of information availablethrough this world-wide network has now reached hundreds of terabytes, theAmerican Library of Congress holds approximately twenty-five terabytes in itsarchives alone [Stein, R.M. (1991)].The time taken for a user to browse such vast tracts of data would beunacceptable to all but the most fool-hardy, so to try to enable Internet users tofind the resource that they require services are being developed that give them asimple interface to locate and retrieve resources.Whilst the Internet has been burgeoning there has been extensive interest in thefields of hypertext and hypermedia, and although it is not a recent idea, thearea where these two developing technologies meet is certainly an exciting one.An early exponent of the use of hypertext together with data storage andretrieval techniques was Nelson with project Xanadu [Nelson, T.H. (1988)],other attempts include KMS, based on the ZOG system developed at Carnegie-Mellon [Akscyn, R.M., McCracken, D.L., Yoder, E.A. (1988)] and Intermediadeveloped at Brown University’s Institute for Research in Information andScholarship (IRIS) [Yankelovich, N., Haan, B.J., Meyrowitz, N.K., Drucker, S.M.(1988)]. The main difficulties with these systems is that they used a certainamount of ’mark-up’ within the documents, therefore the original integrity of thedocument was lost. Although Intermedia held the links separately, thedocuments were still marked to indicate link positioning. Systems such asMicrocosm hold the links separately so there is no alteration to the document,which allows links to be placed in documents where the author has read-onlyaccess.At present Microcosm can be used with existing Internet Resource DiscoverySystems by adding them as viewers to the system [Hill, G., Wilkins, R., Hall, W.(1992)]. This scenario makes it difficult for the user to link the informationbeing accessed in the hypermedia environment with the Internet resource basesbeing queried. For example a user could not select a piece of text within thehypermedia environment and automatically query an Internet resource. There isa need therefore that such resource discovery systems become an inherent partof any hypertext system that is going to be of more than cursory usefulnesswithin the wider context of the Internet.

OVERVIEW OF INTERNET RESOURCE DISCOVERY SERVICES.

CSTR 93-1832. Overview of Internet Resource Discovery Services.There is an ever increasing number of Internet Resource Discovery Services(IRDS’s), this report will not attempt to cover every one, but rather outline anumber of the better known ones. These will include Alex, Archie, Gopher,Indie, Prospero, Unique Resource Locators, Wide Area Information Servers(WAIS), World Wide Web (WWW). Not all of these systems are true discoverytools, some are methods of imposing a user’s view onto the structure of theInternet. All these systems share the common goal of simplifying the task ofaccessing information. These systems not only access resources containingmaterial relevant to the fields that enabled their existence but to virtually everyother discipline imaginable. They also enable users to impose their ownpersonal view on this global data store. The order in which these services arediscussed in this paper is purely arbitrary and is not meant as a classificationin any way.2.1 AlexAlex [Cate, V. (1992)] is a file system, developed at the School of ComputerScience at Carnegie-Mellon University. It provides users with transparent readaccess to files on anonymous Internet FTP sites. With this method applicationscan also access the files on any of the anonymous FTP sites without having tolog on to the site. The Alex file system uses a cache to try to get reasonableresponse times, within the cache details such as machine names, directoryinformation and the contents of remote files are stored. Alex uses a softconsistency mechanism to guarantee that only updates that have occurredwithin 5% of the reported file’s age on the FTP site might not be reflectedlocally. For example if a file had been resident on an FTP site for 20 days onlychanges that had occured within the last day would not be seen on the Alexserver. At present Alex is implemented as an NFS server as shown in figure 1,this means that the Alex server can be mounted as a logical drive by anymachine that uses NFS.

OVERVIEW OF INTERNET RESOURCE DISCOVERY SERVICES.

CSTR 93-184

OVERVIEW OF INTERNET RESOURCE DISCOVERY SERVICES.

CSTR 93-185

OVERVIEW OF INTERNET RESOURCE DISCOVERY SERVICES.

CSTR 93-186Anklesaria, F., Lindner, P., McCahill, M., Torrey, D. (1992)] which isimplemented on top of TCP-IP (Transmission Control Protocol/InternetProtocol), the basic architecture of Gopher is shown in figure 3.

OVERVIEW OF INTERNET RESOURCE DISCOVERY SERVICES.

CSTR 93-187menu structure until eventually the information is found. The second method isa full-text search implemented by utilising special Gopher search servers whichhold full-text inverted indices of subsets of the documents stored in the aGopher server. A Gopher search server can be set up to index more than onenormal Gopher server so that any particular logical area, i.e. field of interest,can be covered by one search server even though the documents may notnecessarily be located on any one server. Recent Gopher clients also allowaccess to information stored on WAIS, Archie and FTP servers as well as theGopher servers.2.4 IndieIndie, or to give it its proper title Distributed Indexing [Danzig, P.B., Ahn, J.,Noll, J., Obraczka (1991)], [Danzig, P.B. Li, S.-L., Obraczka, K, (1992)] is aresource discovery tool that draws together the Internet’s resource discoverystructure. The basic structure of Indie is similar to WAIS, although theterminology used is different. There is one directory of services (this is actuallyreplicated a number of times) and any number of broker databases. Thesebrokers index data from various sources, which include their own database,data stored in other brokers, and data available from other sources such asArchie. The various copies of the directory of services are all equal; there is nomaster copy from which all the others get updated, instead when a new clientor broker registers, it can do so with any of the directory of services and thealgorithm for Indie’s update and recovery guarantees that all the replicas of thedirectory will eventually learn of the change.2.5 ProsperoThe Prospero file system allows users to create customised views of a global filesystem [Neuman, B.C. (1992)]. Prospero is not actually a system by whichusers can search the Internet for that data they require but rather a method bywhich they can select a view of the Internet that they find most useful. In thisrespect it is similar to the Andrews File System [Howard, J., Kazar, M., Menees,S., Nichols, D., Satyanarayanan, M., Sidebotham, R., West, M., (1987)] and theAlex file system [Cate, V., (1992)]. The user can build for themselves a virtualfile system in the typical hierarchical structure with the files and directories ofmost interest to them near the root, so that they have shorter path names, andthose of decreasing interest getting further out into the ’branches’ and so havinglonger filenames.2.6 Unique Resource LocatorsUnique Resource Locators [Berners-Lee, T.J., (1993)] are not a method ofsearching for Internet resources or indexing them, but are a technique fordescribing the location of a particular file. This system has been devised toenable the various different formats of Internet Resource Storage to be uniquelydistinguished. It also needs to be extensible for any future services. The systemhas, at present, been mainly used in World Wide Web and has a full Backus-Naur Format description.2.7 Wide Area Information Server (WAIS)The WAIS project was a joint venture between four companies, ThinkingMachines Corporation, KPMG Peat Marwick, Apple Computer, Inc., and DowJones & Company. Since its inception a new company, WAIS Inc., has beenformed to market the WAIS products for different computer platforms that

OVERVIEW OF INTERNET RESOURCE DISCOVERY SERVICES.

CSTR 93-188have been produced from this collaboration. Two of the major goals of theoriginal project were :¥Provide users with a uniform, easy-to-use, location transparent mechanism to access information.¥Allow a user at a workstation to catalogue and view information froma large number of sources. [Kahle, B. (1989)]The WAIS model is based on the typical client-server design and is showndiagrammatically in figure 4.

OVERVIEW OF INTERNET RESOURCE DISCOVERY SERVICES.

CSTR 93-189therefore be seen as a set of decentralised indices all being accessedtransparently to the user.The client application displays the set of matched documents, which may beany format, (e.g. postscript, text, graphics, animations, etc.), The user selectsthe required document(s) to be retrieved from the database for display. If aparticular document proves to be especially interesting the user can utilise afeature called relevance-feedback, this enables the user to select a document, orsection of a document, and to re-run the query so that other documents similarto the one selected are also returned in the set. This selection process ranks thedocuments in terms of the number of words in common.The protocol used for communication between the client and server(s) is anextension of the NISO Z39.50 protocol [Lynch, C. (1991)] so that other servicesthat also wish to communicate with the WAIS servers have a standard withwhich they can conform to ensure compatibility.In the brief time that the WAIS project has been running it has already provedto be quite a success. There were over 225 publicly registered databases as ofJune 1992 and over 6000 hosts with an estimated 10,000 users accessing thoseservers, each of which have a "specialised subject".2.8 World Wide Web (WWW or W3).The original concept of the World Wide Web was developed at CERN as an aidto the high energy physics community."The World Wide Web initiative encourages physicists to share informationusing wide-area networks." [Berners-Lee, T.J., Cailliau, R., Groff, J.-F.,Pollermann, B., (1992a)]The Web allows ’pages’ of information to be displayed and within these pagesthere are hypertext links to other pages within the system. The documents atthese end points need not necessarily be on the same server as the documentfrom which the link originated but this is all transparent to the user. New pagescan be added to the system and then links made from existing pages that arerelevant to the new addition. Links can also be made from the new page toexisting documents. This means that the user can browse through thisenvironment following any links that they find interesting and possibly findingthat new links have been added since their last visit to a particular document.Thus this model merges the techniques of information discovery on the Internetand hypertext. The user has no need, and in most case no wish, to know theunderlying mechanics when a link is followed or where the information iscoming from. Instead they are interested in the content of the information. Itcan therefore be said that the World Wide Web organises the informationavailable via the Internet into a distributed hypertext model with a clientapplication running on the users/browsers machine and various servers aroundthe globe providing the information required.When the original idea of the World Wide Web was being considered it wasdecided that having a purely hypertext based system would not be flexibleenough for all tasks that would be undertaken, since in quite a few instances itwould not be obvious which of the hypertext links to follow to find the

OVERVIEW OF INTERNET RESOURCE DISCOVERY SERVICES.

CSTR 93-1810particular information. To this end the system was designed and built with twoseparate discovery models available :¥one based on the hypertext paradigm of following links from highlighted sections of text.¥the other based upon the flat search paradigm for accessing indices in the information space.The benefits of adopting both these approaches is that it gives the World WideWeb user access to other Internet resources that cannot be easily formatted intohypertext form, such as Gopher servers, WAIS databases, Network Newsgroups, and anonymous FTP sites as well as the World Wide Web servers.This, together with the architecture of the World Wide Web is showngraphically in figure 5.

OVERVIEW OF INTERNET RESOURCE DISCOVERY SERVICES.

CSTR 93-1811¥High-energy physics (as this was the field that the World Wide Webwas originally set-up to support. It features prominently in theinformation stored on the system, especially the CERN server)

USING CURRENTLY AVAILABLE INTERNET RESOURCE DISCOVERY SYSTEMS WITH OPENHYPERMEDIA SYSTEMS.

CSTR 93-1812¥Classification by organisationTo allow links to be embedded within the documents accessible by the WorldWide Web a form of SGML (ISO 8879:1986) is used, called Hypertext markupLanguage, or HTML. Markup is used to indicate the position of a link in thedocument and also the page to which it is linked. The description of the endpoint of the link is specified using a Unique Resource Locator (URL). These arediscussed later in this paper. If the user wishes to follow a link they simplyclick with a mouse button on the area of highlighted text. The document at theend of the link is then retrieved, using a Hypertext Transfer Protocol (HTTP).A new protocol was used to give World Wide Web servers features that werenot available via existing protocols with adequate performance for followinghypertext links.On the whole the idea that "one view encompasses all systems" [Berners-Lee,T.J., Cailliau, R., Groff, J.-F., (1992b)] seems to have been reasonably successful.3 Using currently available Internet Resource Discovery Systemswith Open Hypermedia Systems.One of the major problems of authoring a hypermedia application is the task ofcollecting the resources from which the application is constructed. It wouldtherefore seem sensible to use Internet resource discovery systems in conjunctionwith hypermedia systems, thus alleviating to some extent the task of findingsuitable documents.The Internet resource discovery systems that the rest of this paper willconcentrate on are the WWW and WAIS. However the techniques discussedhere are applicable to all of the discovery systems covered previously, but notto systems, such as Prospero, that organise the user’s view of the Internet.Systems such as Prospero would have to be implemented at an operatingsystem level. The hypermedia system would therefore automatically use suchsystems directly.At the University of Southampton in the Image and Media Lab. an openhypermedia system, called Microcosm [Fountain, A., Hall, W., Heath, I.,Davies, H. (1990)], [Davies, H., Hall, W., Heath, I., Hill, G., Wilkins, R. (1992)]has been developed and it is this system that will be considered in theremainder of this paper.3.1 Using existing Internet Resource Discovery Systems withMicrocosm.Microcosm has been implemented as a set of autonomous interacting processesrunning under Microsoft Windows 3.1. The core of the system is implementedusing a filter based model [Hill et. al. (1992)]. Each process in the filterperforms a specific task. Also included in the system are a number of viewers.It is with these that the browser/author interacts with the system. There aredifferent viewers for the different file types, e.g. a text viewer, a bitmap viewer,etc.

USING CURRENTLY AVAILABLE INTERNET RESOURCE DISCOVERY SYSTEMS WITH OPENHYPERMEDIA SYSTEMS.

CSTR 93-1813If one of the previously mentioned discovery systems were to be added toMicrocosm in their "raw" state then it would have to be as a viewer, because afilter must be able to accept Microcosm messages, act upon them if need be, andthen pass the messages on to the next filter in the chain. None of the Internetsystems has any degree of tailorability so it would not be possible for them toaccept an incoming message nor to send the message to the next filter.The different Microcosm viewers fall into one of three categories of Microcosm"awareness". Specially written viewers such as the text viewer are fully awareso they can interact with the rest of the Microcosm system on all levels. Thenext tier down are the partially aware viewers. These are usually mainstreamapplications that have some degree of programmability included so they can bealtered to understand some of the Microcosm messages and interact with thesystem to some extent. The lowest level is that of unaware viewers. Forexample Windows notepad cannot be altered at all to use the standardMicrocosm messages but it can be started by Microcosm with a specificdocument. To pass information out to the hypermedia system notepad mustrely upon Microcosm monitoring the clipboard for any changes and then theappropriate action can be taken. It is into this last group that all the existingresource discovery systems are cast, because Microcosm does support externalapplications it makes it a reasonably simple task to use programs that areunaware. This means that the author could make a link from a piece of text, oran area of a bitmap, to the discovery system so that when the hypermediabrowser follows the link the discovery system would be started.As mentioned earlier there is no possibility of two way communication betweenMicrocosm and the Internet resource discovery system so the resources thusdiscovered would not be directly available to the hypermedia application.They would have to be saved using the discovery system and then importedinto Microcosm which makes the whole operation rather circuitous. Anotherproblem with this approach is the lack of a common interface between thehypermedia system and the discovery system so that it would be all too easyfor the browser or author to become very confused between the two systems. Itwould be much better if the two systems were properly integrated.3.2 Integrating Internet Resource Discovery Systems intoMicrocosm.The filter based approach of Microcosm allows for new link creation methodsto be added with a minimum of difficulty. At present Microcosm has a"Compute Link" filter [Li, Z., Hall, W., Davies, H., (1992)] and it is envisagedthat the Internet resource discovery systems would be implemented in a similarmanner to this. The user would select a block of text and then select "DiscoverLinks". A message would be built by the text viewer and passed along the filterchain until a filter capable of acting upon the message received it. This wouldbe the discovery filter and depending upon the method implemented it wouldcontact the appropriate servers in an attempt to find relevant documents. Ifany suitable documents were found then the author/browser would be able toselect the required one which would be retrieved and displayed.This raises some interesting problems :¥How to locate the resource ?

USING CURRENTLY AVAILABLE INTERNET RESOURCE DISCOVERY SYSTEMS WITH OPENHYPERMEDIA SYSTEMS.

CSTR 93-1814¥How to retrieve the documents ?¥How to display the documents ?The technical method of solving each of the above problems is covered by theirvarious protocols. The main question is the point at which the differentoperations should be implemented within Microcosm. As intimated in theprevious paragraphs a new filter would have to be written to locate suitableresources that might hold relevant documents. A first attempt at such a filter iscurrently in progress and is based upon the WAIS discovery methodology.Once documents have been found they then need to be retrieved from theremote server for display on the local machine. The logical place for thedocument retrieval functionality would be in the Document Management System(DMS) portion of Microcosm, which could perform the necessary transportationtasks to make a copy of the document on the local machine. Once this had beencompleted a message would be dispatched to the appropriate viewer indicatingthe new document to be displayed. In most cases the documents are purelytextual so the standard Microcosm text viewer could be used but if the systemwere to be widened to allow the system to access other systems such as WorldWide Web and Gopher new viewers would need to be written to cope with thespecialised document structures and layout.If the World Wide Web system were to be fully integrated into Microcosm thennot only would a new viewer have to be written to cope with the HTML formatthat World Wide Web documents use but it would also have to be able toextract the linking information contained within these documents. This wouldhave to then pass the information on to the DMS which would retrieve thedocument specified as the end point of the link.4. Why Internet Resource Discovery Services should become anintegral part of Microcosm.Microcosm is a resource based hypermedia system. In its present form theresource needs to be on the local machine, or a least upon logical drivesmounted upon the local machine, although a distributed version is currentlybeing written. The next logical step is to widen the scope of the resource baseand if Internet Resource Discovery systems are fully integrated into Microcosmthen the available resource base effectively becomes the entire Internet with allits wealth of documents and information.The extensible nature of Microcosm allows new ideas such as these to beseamlessly integrated into the system so that the author/browser can interactwith the system in the usual manner with no knowledge that the document maybe coming from a distant server or from the local hard disc. Existing systemsrequire a plethora of applications to discover new resources, link them into thehypermedia application and browse them. Integrating resource discovery intoMicrocosm gives the user a consistent interface with which to work, hencelowering the cognitive overheads imposed by many different applications. Theuser can devote more intellectual effort to the content of the hypermediaapplication so increasing productivity and the applicability of Microcosm to allfields.

WHY INTERNET RESOURCE DISCOVERY SERVICES SHOULD BECOME AN INTEGRAL PARTOF MICROCOSM.

CSTR 93-1815Another benefit of such a strategy is that it would allow the browser moreflexibility in exploring the subject area of the hypermedia application. If a newaspect of the subject occurred to the user as they were browsing/exploring thesystem then related documents could be located and built into the userspersonal view of the system for future reference even if the original author hadnot thought to explore that particular avenue.The SERC funded SuperJANET project promises to have a pervasive networkbetween institutions that can deliver data at speeds in the range 10Mbs to155Mbs. When the network is in place the long vaunted promise of digitalvideo and sound deliverable over networks will be truly possible. The scope ofSuperJANET will not be as far reaching as the Internet but will still allow UKinstitutions to interchange and access remote hypermedia applications inreasonable time frames. The quantity and diversity of resources available to theauthor/user will blossom so making the task of locating the required documentseven more troublesome than at present.It has been shown by projects such as WWW and WAIS that discovery systemsare a valuable addition to the tools available to the user. The number of peoplechoosing to use them indicates this. If a unified system could be producedunder which many of the different methods could seamlessly operate thep o p u l a r i t y o f t h e m w o u l d d r a m a t i c a l l y i n c r e a s e . 5. Future WorkAs mentioned previously in this paper a WAIS filter for Microcosm is presentlybeing written. Hopefully other protocols will follow allowing Microcosm to useadditional on-line discovery systems as well. Further into the future is thepossibility of semi-intelligent ’agents’ linked to Microcosm that will search thedatabases for documents that are relevant to the text selected, taking intoaccount the meaning and context of the words rather than simply performing aword count comparison.Also connected to the ideas outlined in the paper is the possibility to control aMicrocosm session remotely. This would be a particularly useful aid for tutors,enabling them to demonstrate particular aspects of an application that they feelare important to the students. The first version of this will be written to workover a local area network but eventually it should be possible to alter thesoftware so that the remote machines can be located anywhere that there is anetwork connection.6. Conclusion.As the amount of information available through the Internet has grown andbecome more accessible to users with little or no knowledge of networks,systems such as those discussed within section 2 of this paper have becomenecessary and hence have slowly come into being.This paper has presented ideas for the integration of these services with openhypermedia systems, such as Microcosm, so that industrial strengthhypermedia systems can be created and utilise the entire gamut of resources

CONCLUSION.

CSTR 93-1816available via the world’s networks. This will enable a richer environment to beconstructed in which to build hypermedia applications and also enhancehypermedia’s applicability to more areas of knowledge.Also with the speed of data transmission over the global network everincreasing it will soon be possible to have a central store of digital video, sound,etc. and then deliver it on request in real-time over the network, although theband width required would be rather high. Collaboration on a massive scalewill become a possibility with such networks, allowing for a much broader baseof available applications. It is imperative, therefore, that discovery tools suchas those mentioned in the body of this paper be incorporated into hypermediasystems as soon as possible. Thus allowing users to concentrate on the moreimportant, and interesting, task of creating the application as opposed tofinding the material with which to construct it.It would, however, be wrong to suggest that Internet Resource Discoverysystems are a panacea to the difficulties of locating resources. It is stillextremely difficult to locate suitable diagrams for a particular topic becausethere is no universally accepted classification system for pictures. Research iscontinuing in these areas so in the not too distant future automatic location ofpictures and digital video should also be a possibility, so allowing truly globalh y p e r m e d i a a p p l i c a t i o n s t o b e p r o d u c e d .

7. References.Akscyn, R.M. McCracken, D.L., Yoder, E.A., (1988), "KMS : A DistributedHypermedia System for Managing Knowledge in Organisations",Communications of the ACM, Vol. 31, No. 7, July, pp. 820-835Alberti, R., Anklesaria, F., Lindner, P., McCahill, M., Torrey, D., (1992), "TheInternet Gopher protocol : a distributed document search and retrievalprotocol", On-line documentation, SpringBerners-Lee, T.J., Cailliau, R., Groff, J.-F., Pollermann, B., (1992a), "World WideWeb : An Information Infrastructure for High-Energy Physics", ProceedingsInternational Workshop on Software Engineering and Artificial Intelligence for HighEnergy Physics, La Londe, France.Berners-Lee, T.J., Cailliau, R., Groff, J.-F., (1992b), "The World Wide Web",Computer Networks and ISDN Systems, Vol. 24, No. 4-5, pp. 454-459.Berners-Lee, T.J., (1993), "Unique Resource Locators", Internet Draft, IETF URLWorking Group, Expires September 30, 1993.Cate, V., (1992), "Alex - A Global Filesystem", Proceedings of the Usenix FileSystems Workshop, pp 1-11.Danzig, P.B., Ahn, J., Noll, J., Obraczka, K., (1991), "Distributed Indexing : AScalable mechanism for Distributed Information Retrieval", Proceedings of the14th Annual International ACM/SIGIR Conference on Research and Development inInformation Retrieval, October, pp. 220-229.Danzig, P.B., Li, S.-H., Obraczka, (1992), "Distributed Indexing of AutonomousInternet Services", Journal of Computer Systems, Vol. 5, No. 4.

REFERENCES.

CSTR 93-1817Davies, H., Hall, W., Heath, I., Hill, G., Wilkins, R., (1992), "Microcosm : AnOpen Hypermedia Environment for Information Integration", ECHT ’92, Milan,December, pp. 181-190.Emtage, A., Deutsch, P., (1992), "Archie - An electronic Directory Service forthe Internet", Proceedings USENIX Winter Conference, January, pp. 93-110.Fountain, A., Hall, W., Heath, I., Davies, H., (1990), "MICROCOSM : An OpenModel for Hypermedia with Dynamic Linking", Hypertext : Concepts, Systemsand Applications. The Proceedings of The European Conference on Hypertext,INRIA, France, November.Hill, G., Wilkins, R., Hall, W., (1992), "Open and Re configurable HypermediaSystems : A Filter-Based model", Computer Science technical Report, University ofSouthampton, UK, CSTR 92-12.Howard, J., Kazar, M., Menees, S., Nichols, D., Satyanarayanan, M.,Sidebotham, R., West, M., (1987), "Scale and Performance in a Distributed FileSystem", ACM Transactions on Computer Systems, Vol. 6, No. 1, Jan., pp 51-81.Kahle, B., (1989), "Wide Area Information Server Concepts", Thinking MachinesTechnical Memo DR89-1, Cambridge, MA : Thinking Machines Corp.Li, Z., Hall, W., Davies, H., (1992), "Hypermedia links and informationretrieval", Proceedings of the 14th British Computer Society Research.Lynch, C., (1991), "The Z39.50 Information Retrieval Protocol : An Overviewand Status Report", Computer Communication Review, ACM SIGCOMM, Vol. 21,No. 1, pp. 58-70Nelson, T.H., (1988), "Managing Immense Storage", Byte, Vol. 13, No. 1, pp. 225-238Neuman, B.C., (1992), "Prospero : A Tool for Organising Internet Resources",Electronic Networking : Research, Applications, and policy, Vol. 2 No. 1, pp. 30-37.Schwartz, M.F., Emtage, A., Kahle, B., Neuman, B.C., (1992), "A Comparisonof Internet Resource Discovery Approaches", Computing Systems, Vol. 5, No. 4Stein, R.M., (1991), "Browsing through Terabytes", Byte, Vol. 16, No. 5, May, pp157-164Yankelovich, N., Haan, B.J., Meyrowitz, N.K., Drucker, S.M., (1988),"Intermedia ; The Concept and Construction of a Seamless InformationEnvironment", Computer, Vol. 21, No. 1, Jan., pp. 81-96