Integration Between Hypermedia Information Retrieval System

and Information Retrieval Systems



Rui Marinheiro�

The Multimedia Research Group

Department of Electronics and Computer Science

University of Southampton, England, SO17 1BJ

http://www.ecs.soton.ac.uk/~rm95r/

E-mail: rm95r@ecs.soton.ac.uk



Abstract



In hypermedia systems, links are used to connect related information in different types of media, for example: text, images, sound, etc. In this way, authors and users have means of accessing the information in a non-sequential manner, in the way they prefer, by following links that may be visualised as highlighted text or by other means. However, when simply following links while seeking information, users may become disoriented and frustrated at their lack of ability to find specific or useful pieces of information. This is why the integration of information-retrieval techniques into such systems makes sense. The search for information can then be as well satisfied by specifying an information-retrieval query.

Some systems already show this integration between hypermedia and information-retrieval systems. However they are usually only capable of text retrieval (Frei et al, 1995) or, when they have real content based multimedia information-retrieval capabilities (Lewis et al., 1996), the efficiency and effectiveness are very low.

	To overcome this problem we have developed a hypermedia information-retrieval integration solution that uses automatically created text descriptors to achieve multimedia information-retrieval using text retrieval techniques (Dunlop et al., 1993). In this work, there were two main aspects under consideration:

	- The automatic creation of text descriptors for multimedia documents, using information taken from the hypermedia network both at the document level and the abstract classification level. The type of information considered as part of this process includes link types, link descriptions, link anchors, keywords and logical classification concepts.

	-The integration of open hypermedia systems, in this case the Microcosm system (Davis et al., 1992), with text information-retrieval tools to allow multimedia retrieval using text descriptors for non-text media.

After the implementation of this solution we presented some results and conclusions about the effectiveness of such a system.

Supported by the conclusions and after further suggestions found on research where navigation through concepts was possible (Crouch, 1989, Cunliffe, 1997) we then present the skeleton of a model. For this model major concern is placed on the integration between structure information from hypermedia and content information from information retrieval systems, both at the document level or at the abstract level of navigation. This will allow the creation of a new system where there is no clear distinction between navigation and querying, which ever the media is considered.

Implementation deadlines and testing suggestions are given at the end before overall we point out some conclusions about the research that we develop.
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Introduction



In small hypermedia collections the browsing facility can be sufficient for the user to reach all the relevant information, since it is easy for the user to have a good understanding of the organisation of all information stored. But when the hypermedia collection cannot be considered as small, then the user can become lost. Here is a simple example: with our own personal library at our office or home it is very easy to browse through the shelves to find a book or a particular document of interest, nevertheless if the size of the library increases as happens with a public library, we need to have other facilities, such as asking the librarian about books in a certain subject or searching the catalogue systems for references to certain subjects. 

On the other end, to have direct access to information through the formulation of a query, in information retrieval systems, may be not an important facility on the searching for information if the user is not able to specify his/her information need properly. Many times when we are not able to find meaningful words to represent the subject of search then it may be returned almost no reference at all if the words were to much precise or too many data may be returned if we used words with a too broad meaning. In this case the over head required to the user is to much high in order to make it a useful systems to use.

Trying to address these problems among others were our goal for the research on the integration between hypermedia systems and information retrieval systems. Then, on the section two, we start with a brief description on the notion of hypermedia and some of its features, proceeding on the presentation of open hypermedia model used in the implementation of our approach. On section three we describe some of the different available types of information retrieval systems with some comments about their efficiency or effectiveness.

Much work has been done on the integration of information retrieval systems with hypermedia systems using different approaches, and some of them are introduced in section five. On one end, in works like Frisse (1988) and Frei et al. (1992), hypermedia information at the document level is used as a way of improving text retrieval, and in the latter one as a suggestion for the retrieval of multimedia documents. The information-retrieval mechanism is then used for example to give a starting node for navigation at the document level, to suggest a next node of navigation, or to construct a guided tour (Guinan et al., 1992). Thus, the information-retrieval uses hypermedia information but it is its functionality that is applied to improve browsing.

Many of these systems are restricted to the text world, and thus cannot really be called hypermedia systems, or if they are hypermedia systems with content based multimedia information-retrieval tools, these tools are usually time consuming and consequently not efficient to use in PCs (Lewis et al., 1996), and sometimes with a disappointing lack of effective retrieval. For these reasons it is possible to see that there is a need for efficient and effective information-retrieval techniques to use with hypermedia systems.

One of the most important contributions was made by Dunlop et al. (1993) and further developed by Harmandas et al. (1997) who introduced the automatic creation of non-text media descriptors to allow efficient and effective multimedia retrieval. Of course, text descriptions for non-text media could be built in directly by human indexers, but this is a time consuming job and is also a technique that is very much based on the indexer’s personal understanding of the media.

On the other end, in works like Agosti et al. (1992), Arents et al. (1996) and Cunliffe et al. (1997), hypermedia functionality was used to retrieve documents through navigation using the concept of index classification space. The cognitive overhead required by the user to operate the information-retrieval mechanism is diminished by this kind of integration, since it is not necessary to implement a detailed retrieval strategy. In  these approaches, it is the hypermedia functionality that is used for the benefit of information-retrieval systems.

A brief review of automatic hypertext construction is as well given.

	Supported be the gaps that we find in previous integration in section six we discuss the way we implemented an improved method for integrating information-retrieval with hypertext/hypermedia systems where it was possible to retrieve multimedia information which ever the media considered. The implemented approach retrieve multimedia files through the use of text descriptors but the building the description is however different from the one used in Dunlop’s and Harmandas’ work. We considered information from the document level, information such as link anchor selection, link type and link description of the document. To avoid the problem of the lack of links in some hypermedia applications, logical type classification, brief authored text description and document keywords at the index/abstract level are used as well. The integration was done in a way that we could reuse an already implemented information retrieval tool.

After some results and conclusions are taken as regards problems and achievements, we present on section seven an extension to the already implemented model. Some research is then presented that suggest the consideration of more content and structure information from the document level when integrating both access approaches. A way of using any third party information retrieval tool is shown that will allows greater flexibility. Then a better integration of the management of the abstract level under Microcosm is suggested that will allow us to improve the its quality by considering some construction procedures. A way of using that information to build descriptors to allow the access to multimedia documents is then presented at the end.

	Some evaluation consideration are taken at the end before some conclusion are taken in section eight.



Accessing information on hypermedia systems



The idea of hypermedia systems, although that name was note used yet, started as early as in 1945 by Vanner Bush. He pointed out that the way the information was search in libraries by alphabetical search in subclasses of subclasses was not efficient since it did not work in the way humans are used to. He believed that in humans operations are done by association:



With one item in its grasp, it snaps instantly to the next that is suggested by the association of thoughts, in accordance with some intricate web of trails carried by the cells of the brain. (Bush, 1945)



He then proposed a machine called Memex that would work as a private supplement to an individual memory. The machine would have the storage capability and the enough speed to allow the easy consultation of all the material that the individual previously indicate. The major concern on that machine would be the facility of associating any two items together in way that later when one of those items were in view then by easily selecting a button instantly we could have access to the other item. This explicit association would build defined trails along the stored items that could be organised and a non-sequential read in any way the individual would want to.

But for many years the flat organisation of text remained in spite of the user needs for a better way of organising his/her information. However with the development and popularity of computer systems the development of better and faster way of dealing with large amounts of information increased significantly. So a linear reading of documentation started to become obsolete in many applications as a poor method on searching for information.

Then in the 1980’s many systems and models became commercial and popular and in a good survey on hypertext/hypermedia by Conklin (1987), he defined a more restricted concept of hypertext as being:



Windows on the screen are associated with objects in a database, and links are provided between these objects, both graphically (as label tokens) and in the databases (as pointers). (Conklin, 1987)



However the most important thing associated with hypertext/hypermedia is its ability of linking information together within and between documents. It is because of this ability that is possible to have a non-linear organisation of information. But however there are other important features under an hypermedia system.

Some hypermedia concepts can now be examined in more detail:



( Node -  A basic unit item on which any kind of information is kept and managed and presented using a window on a screen that is associated with that node. The node size may vary and its full content is shown to the user or just a part of it but with a scrolling facility. A composite node may appear when there is present an aggregation mechanism able of creating that node to manage a collection of related nodes.



( Links - A logical connection between  two related information items or between an information item and a node. The origin is the information item from which the connection emanates and the destination is where that connection ends. Many different types of links have been defined depending on the type of logical relation they represent.



( Anchors -  It is the way a link is represented in a node. In a node each link is associated with that anchor  that represents the node’s content area for link following. The information that it contains and its location on the hypermedia system can be at different levels of functionality, within or outside the node (Davis 1995).



As opposed to information-retrieval systems were the majority of research was directed to the representation of the semantic content of documents, the first hypertext systems were usually more concern about the issues related to the structure, management and presentation of documents (Agosti et al 1996b). Later on, in some systems, concepts such as typed links, links descriptors, etc, were developed in order to give some semantic to the hypermedia network. With a semantic network of links it was then possible to help the user on navigation, fixing up some problems associated with hypermedia systems, like the difficulty of reaching relevant information in large application.

However the user needs increased further and in Malcon et al (1991) there was made summary of the limitations of the current closed hypermedia systems and the development of open hypermedia systems was then for them a key issue to be considered. In open hypermedia systems is possible to use any application on the hypermedia functionality by using a proper protocol, no mark up information is imposed upon the data, the data and the processes can be distributed, there is no distinction between the authors and the users and it is possible to add functionality in a easy way (Davis et al, 1992).



The open hypermedia system approach



Microcosm is an open hypermedia system developed at the University of Southampton. In the Microcosm model (Fountain et al., 1990, Davis et al., 1992, Hall, 1994a) there are two ways of navigating through the information: navigation on the abstract level and hypermedia navigation on the document level, as can be seen in  Fig 1. At the index/abstract level, the navigation is made through the classification of the documents until the relevant document is reached (Hall et al 1994b). The information about the classification of these nodes is kept in a separate database that is managed by the Document Management System: information like logical index, document description, keywords, author name, etc. It is therefore the use of all this information that allows abstract navigation in a file manager style where directories are logical indexes and where the files are identified by a text description.
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� - The two layer model for navigation on Microcosm



On the other hand, the basic Microcosm model presents different kinds of links at the document level that allow the author, or the user, to relate information:

( Specific links, a tight connection between two fixed anchors. This link may be operated by a button highlighted by the system to indicate its presence. This type of link is important to create the back-bone link structure of the application at the document level that will allow the user to navigate between different items of information that may be obviously related or not

( Local links, a link with a fixed destination anchor, but with a source anchor, in a particular document, dependent on rules such as pattern matching, i.e. any occurrence of a particular object such as a text string. This kind of link is important for the definition of words or names, to give examples, or to show obviously related information, valid inside the node.

( Generic links, a link with a fixed destination anchor, but with the source anchor, in any document, dependent on rules such as pattern matching , i.e. any occurrence of a particular object such as a text string. This kind of link is important for the definition of words or names, to give examples, or to show obviously related information, valid for all the application.

( Dynamic computed links,  a link with a computed destination anchor, and a selected source. This last kind of link was described in Li et al. (1992) and Li (1993) in order to integrate the Microcosm hypermedia system with some information-retrieval techniques and suggests starting points for navigation.



With the first three types of links in addition to the link functionality type, other information is kept, such as text link description showing the motivation for the link, the selection anchor of the source and destination of the link, etc. All this relevant information is used for the maintenance of the document links and to help the user in document level navigation.

Microcosm is an open hypermedia system since it does not use any mark-up link information in the document data files and  because it can use data that comes from a variety of third-party applications running under the operating system, among other facilities. The lack of mark-up within the data, is achieved by keeping all link information in link databases. So it is possible to have different sets of links applied to the same information, allowing the co-existence of an author’s link database (linkbase) and several user linkbases that each user can add to, independently. The integration with third-party applications, is achieved by using a model in which a number of autonomous processes communicate with each other by messages. The message passing system also allows the development of new tools that may easily be integrated into the system. Microcosm also separates the front end of the open hypermedia system from the back end. The front end consists of viewers and is responsible for user interaction, that can go from fully Microcosm aware viewers to unaware viewers (Davis et al 1994). The back end consists of a chain of filters (processes) and is responsible for many of the operations requested by the user. Connecting  all this there is a “dipole” Document Control System - Filter Management System that is responsible for managing and integrating the whole system, as shown in Fig 2. Even with third-party applications without message passing capabilities it is possible to integrate the hypermedia link service provided by Microcosm, using the clipboard.
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Accessing information on information-retrieval systems



	Information-retrieval systems (Rijsbergen 1979, Salton 1989) are mainly concerned with the representation, storage and retrieval of documents to  support the user on finding relevant information. This definition can be quite vast, but the systems we are interested in are the ones where the systems will find documents stored in a computer, whose content is similar to a given query.

The indexing process is an important step in many information-retrieval systems, since string matching and other direct techniques do not perform well on this systems, because it is impossible or impracticable to scan all documents in responding to every query. The indexing process usually generates a set of index terms in a way that its semantically combined meaning approximates to the content of the document or to content of the user query. Then by comparing the index terms of the queries and documents, a relation between then can be determined. According to the degree of that relation, relevant documents can be selected and retrieved.

	Different retrieval models can be used to represent information-retrieval systems and procedures depending on the requirement to be imposed on the system:



( Boolean retrieval model -

In this model there is a comparison between a boolean query statement (set of terms connected by boolean operators and, or and not) with the term set used to identify the document content.

Although this model was been widely accepted because of its low computing requirements, it is of difficult  use. Boolean query are difficult to formulate, and the number of the retrieved documents is difficult to control. An imprecise or a broad request using the operator or can retrieve to many irrelevant documents, and a to much precise query using the operator and may return no documents at all. Another disadvantage is the usual inability of ranking the results in a proper order in a way that could give a clue about the relevance of the retrieved document.



( Vector space model - 

This model represents both queries and documents by vectors of weighted terms and computes global similarities between queries and documents. In this model there is the assumption that similar or related documents or similar documents and user queries are represented by a similar multidimensional term vector. The similarity is then just a function that determines a sort of distance between the two representative term vectors.

This model is one of the most conceptually simple, but however the justification for its parameters, such as the similarity function, are not derived from within the system but are instead chosen  a priori by the system author. Term relationships can be considered under this model but unfortunately that is not the standard, and many times is made the unrealistic assumption that terms are independent of each other.



( Clustered document environments -

In this model there is a classification of all documents under clusters of related information structured in an hierarchy way that will be used to perform browsing or analytical retrieval.

This model provides easy access to all document information, having a browsing capability, but however a search is much slower than in the vector space model, no matter how refined is the available cluster classification. However it is possible to get to relevant documents, even if they are not related to queries, when the centroid that classify that document is retrieved. With a browsing facility it is easy to get similar documents to specific items, since related documents collected in a common group. Unfortunately problems may arise in clustering very large files, or when dynamically maintain the cluster classification.



( Probabilistic retrieval model -

This model is based on the computation of relevance probabilities for the documents of a collection. It can include  term dependencies and relationships, and important parameters such as the weighting of query terms and, the formula of the query-document similarity are determined by the model itself. In other models, such as the vectorial one, for this parameters and formulas assumption are many times made. In the probabilistic model the two main parameters are the probability of relevance and the probability of non-relevance of a document and upon this parameters much of the theoretical justification is made.

In spite of the theoretical advantages, this model did not lead  to a significant improvement in the retrieval effectiveness mainly because of the difficulties in getting representative values for the required term-occurrence parameters. Since it is impossible to determine a priori all the relevant documents in a collection, other wise there would be no reason for this model, then many times a sample is taken from user feedback. With this the parameters are calculated but then not having the required precision.



Among the facilities normally included in information-retrieval systems are vocabulary displays, vocabulary expansion of query terms using a thesaurus, construction and storage of search protocols and operations with previously formulated queries, etc.



At the beginning of information-retrieval there was more concern with the retrieval of document by using their abstracts. However with the consideration of the full document content problems of heterogeneity are raised. It is then necessary to separate the content of the documents on different topics. It was in Salton et al (1993) that the concept of a theme (semantically homogeneous text piece) was more developed and in Salton et al (1996) where the same was done with segments. In a node, several information themes may be in focus. In a situation like this, if some information themes are not as developed as others then we can have a bias on retrieval. So there is a need for analysis and retrieval of text passages, since full text statistical approaches may only be good enough with nodes that deal with single topic information where themes and segments are equally focused.

After splitting the text information into structural paragraphs (Salton et al 1993), statistical techniques were applied to find the similarity between all paragraphs in a certain node, making it possible to create links between related information. Because the information is split in a large number of small units then the number of links is significantly very high. By studying the distribution pattern of the links inside a node it could be possible to find the themes and segments passages. A segment is defined as a continuous piece of text  that is very well connected internally, but that is fairly disconnected from the adjacent text. Themes are generated by finding mutually similar text pieces  that could be adjacent or not in the text. All sets of three similar paragraphs are joined in a centroid vector and all similar centroid vectors with three or more paragraphs merged to form a theme.

Having the nodes decomposed into themes and segments it is now possible to have implement passage retrieval. Based on this decomposition the authors implemented a different for of retrieving information by creating text transversals (retrieval of the best passages in a certain topic, which allows speed reading) and text summarisation (as the name implies, this summarises the information in a certain node by retrieving the most important paragraphs in a passage and connecting them with appropriate transition material). These kinds of tools seem to be of great use and interest to the user, and their implementation is easier after the decomposition. However the author faced a few problems with the coherency and understandability of the text transversal and text summarisation. But the use of a statistical approach is more simple and not so application dependent as linguistic analysis.



During this work we are going to refer to the effectiveness of a information-retrieval system. For us, as in Rijsbergen (1979) or in Croft et al. (1989), the retrieval effectiveness measures how successful is a technique in locating relevant information given a certain query, while retrieval efficiency will be more concerned about space and time requirements.

The most accepted major measurements for determining the effectiveness of information-retrieval systems are recall and precision. Recall indicates the performance of the systems on retrieving all the relevant document to a user query and precision indicates capability of the system in only retrieving the relevant documents. The combination of booth measurements give a clue about the effectiveness  of the systems that ideally should have a high recall, by retrieving all the relevant documents,  with a high precision by retrieving only relevant documents. Unfortunately this combination is not possible and usually it necessary to compromise recall with precision or vice versa.



Reasons for the integration of information-retrieval systems with hypermedia systems



As we have seen on the two previous chapters, hypermedia systems and information-retrieval systems have a different approach on the way they access the information. As it will be shown, these systems have advantages that can be improved and disadvantages that can be eliminated by integrating the two systems. With the integration we can help the user on navigation and on retrieval and  improve the effectiveness and efficiency of both systems.



Helping the user on navigation and on retrieval



Hypermedia systems are different from information-retrieval systems in the way the information is searched on them. On hypermedia systems the search of information is achieved by navigation while in information-retrieval that is done by a direct search. Good and bad points come from the use of one systems or the other.

Hypermedia systems are usually user friendly, can have useful interfaces and do not require from the user any particular expertise. This facility of searching information lead to the success of many hypermedia systems and notably to the success of the world wide web. There is as well a good point associated with navigation in hypermedia systems since it allows the dynamic construction by the user of a path through the information, but usually in large complex applications this lead to a trial and error search strategy, that is disorganised and time consuming, and then leads to disorientation problems. The user has then the feeling that is lost on the hypermedia space - hyperspace.

On the other end information-retrieval systems (mainly on text) have a more powerful content oriented way of searching information, but unfortunately require from the user more expertise. The search of information is usually done by querying, and this leads to computer interpretation problems, requiring many times the reformulation of the query. It is then necessary that the user gives a right notion about the information he is looking for, when many time he/she only has a faint idea of his/her needs. So, this operations can be of an high overhead to the user, since he/she has to analyse his/her information needs and organise the query search. Poor query formulation and inadequate user-system interaction still occur even with skilled users.

One advantage on information-retrieval systems is that there are no disorientation problems since the user always has to explicitly specify his/her information need. Disorientation is however a problem that must be avoided in hypermedia systems. Equally the overhead required to the user on searching for information in information-retrieval systems is as well a different problem to be addressed but usually this problem does not arise in hypermedia systems on the browsing of information. It then makes sense to integrate these two types of systems, in order to compensate the disadvantages of one system with the advantages of the other.

A hypermedia system may allow the user an independent non-sequential reading of the information, that is, the freedom to browse through the information. But this freedom may not be so beneficial if the user is not able to find the relevant information that he/she seeks. So, if a usable hypermedia system is required it is necessary, in addition, to have a good way of providing clues to relevant information, and this usually leads us into the area of information-retrieval. Traditionally, in these systems, a way of “linking” to the information is offered after the user makes an analytical query that he/she specifies in accordance with his/her search strategy.  By this mean, it is possible to satisfy the information needs of the user by giving him/her more goal oriented tools. The most interesting aspect is that this integration not only diminishes user disorientation problems, but provides new ways of viewing and changing applications and improving retrieval recall by considering all the information associated in the hypermedia network of the application.

Equally, an information-retrieval system may allow the user a comparable more precise and objective retrieval of information, but this facility may not be appreciated if in such a system the user is not able to specify a clear meaningful query. The user can get to a point where it is impossible to retrieve any information at all or, on the opposite, the one it is retrieved is too much irrelevant. The user must then have a manner of specifying a query in a simpler way. For this propose knowing which kind or type of information is available in an application, which is their classification or which is their structure, before a query is formulated might be important. With the integration of hypermedia facilities at the classification level it is possible to search for this relevant information in an interactive friendly way. Much of the overhead associated with information-retrieval is then eliminated.

In this way it might be as well easier to return feedback to the system for the refinement or reformulation of a query, many times used on information-retrieval to improve the recall and precision of the returned media.



Improving the effectiveness and the efficiency of the two systems



Apart from these major advantages on the interaction with the user, that comes from the integration of these two systems, there are others good points to notice, notably the improvement of the effectiveness of booth the information-retrieval and hypermedia component.

Usually hypermedia systems deal with highly structured information while classical information-retrieval systems deal with fragmented units of information. In hypermedia systems there are more concern about the structure of information but not so much about the representation of their content, while in information-retrieval systems the exploration of the content is many times more relevant than the consideration of their structure as pointed out by Chiaramella et al. (1996). So, traditionally content is for information-retrieval as structure is for hypermedia. Therefore, on the integration between the two systems it is possible to make more use of the structure on the information retrieval side, and to do the same on the hypermedia side by considering more content.

The information-retrieval side can be improved by considering information of the hypermedia network on the construction of the classification index, many times used on these type of systems, or on the elaboration of better information-retrieval algorithms. On the other end the hypermedia side can be improved in a similar way by using content information on the construction of links.

Another reason for the integration of these systems is the multimedia facility of hypermedia. In many hypermedia systems the way different media is dealt allows to have the same easy access to text and non-text documents. However in information-retrieval systems that does not happen. There are very well know effective and efficient algorithms for information-retrieval when the text is concerned (Rijsbergen, 1979, Salton, 89) but however on non-text files there is yet a long way to go to reach the same levels of performance. This is because text information is already ‘encoded’ (Narasimhalu et al., 1995), i.e., the information is already segmented into a discrete set  of symbols such as words. This characteristic facilitates the indexing and classification of information and therefore facilitates the efficiency of retrieval. Since with non-text files, such as pictures, the information is unencoded, the apparently simple techniques of retrieval from text information cannot be applied. But in hypermedia systems the non-text information is in a way “encoded”, since with the network of links in hypermedia it is possible to relate information from different media in a direct way. The multimedia non-text files are then in a certain extent “enconded” by their relation with other media.  It will be possible to understand the multimedia content of non-text files analysing their relation with the text files that are linked to them. Basically, there is then an indirect way of retrieving multimedia files using the hypermedia network information to “encode” in text the content of their information.



Previous integrations between information-retrieval systems and hypermedia systems



Many previous systems have attempted to implement some of the ideas on the integration of hypermedia systems with information-retrieval systems shown on the previous section. But usually the integration between these two systems depended on how the researcher viewed the retrieval of information and the aspects of the hypermedia navigation, and at which level that integration must be implemented.

In some information-retrieval systems a two layer model is adopted, separating the document level from the index/abstract level. However, on integration, there are usually different ways of viewing the hypermedia network in relation to the information-retrieval tool: at the document level, at the index level or at both. If the hypermedia links was seen as only explicit relations between nodes at the document level, then hypermedia information was used to improve the definition of the index level and the search quality of the retrieval mechanism. If hypermedia was seen as a means of interconnecting indexes, that is, as a way of navigation at the index level to reach documents, and not exactly as a way of navigating direct connections between documents, then hypermedia was considered more as an interface tool and as a way of semantically relating indexes for the information-retrieval tool.



Until now, most of the research on the integration of hypermedia systems with information-retrieval systems have been incompletely done. Usually the integration is about using hypermedia tools to interface with an information-retrieval system or, on the other end, about the use of information-retrieval tools to help the user on navigation.



Using information-retrieval tools to help the user on the searching of information in hypermedia systems, by considering the hypermedia network at the document level.



As we have seen, a way of helping the user to find relevant information by browsing is through the use of information-retrieval techniques. Previously, many different approaches have been proposed and implemented to solve this problem of integrating information-retrieval systems with hypermedia systems. The hypermedia was seen as a network of explicit links at the document level and the information-retrieval tool would work on the top of it at the classification level helping the user on navigation throughout the hypermedia network. Generally they have tried to use information in nodes or in typed or semantic links in an improve information-retrieval tool to help the user on navigation through the hypermedia/text network by giving him/her a mean of orientation. Starting node, guided tours, best next match, among other ideas were tried. Others have used the hypermedia network information to classify multimedia documents under an text information-retrieval indexing space in order to retrieve multimedia information with text techniques.



One of the earliest to apply some of these concepts was Frisse (1988) with his hypertext medical handbook. In his work, the information contained in the handbook was divided into individual small fixed size cards using a hierarchical structure.  In order to preserve the top down hierarchy structure of the handbook, links were made between each card and its parent. Labels were also associated with every card to make navigation through the hypertext easier. With a hierarchical hypertext structure, it can be difficult to move across the hierarchy and to find the relevant information, because at times the structure is not apparent to the user. Therefore an information-retrieval process was designed in which a starting card, the starting point for browsing, was created following a user query - small-document approach for global navigation. After the creation of this starting card, the user was free to browse through the hypertext - graph-traversal approach for local navigation.

In Frisse (1988), the information-retrieval was based on a statistical approach, where the results were dependent on the hypertext structure. This dependency was achieved by basing the score (importance of relevance) of each card on a statistical comparison between the query and the card itself and on the scoring of the immediately following cards. Further developments were achieved in Frisse et al (1989) by considering belief network algorithms with user feedback.

Unfortunately this card structure approach cannot be applied to large hypertext systems because the management would become impossible, as the system may return a large number of uninteresting cards (information). In large applications the algorithm used to retrieve information will require as well a reasonable amount of processing power from the computer. The hierarchical inter-dependence of this system  is also a facet to be considered because it connects the information in a tight way. However, the retrieval of interdependent nodes was pioneering work, but as the author states, more work is to be done on a network structure.



Even with a good starting point, navigation through a hypertext system can be a problem for a less informed user. Bernstein (1990) proposed then a swallow system capable of automatic constructing of a guided tour over a network of hypertext nodes, starting from a given node. However the type of algorithm used (best match first) for the construction of the tour did not account for the correct order of the nodes and this drive the reader to understandability problems.

	Guinan et al. (1992) expanded the information-retrieval approach proposed by Frisse (1988) by adding the facility to create a planed tour through the hypertext system but with logical sequencing of nodes, in order to cover all the relevant information. To do this they used the concept of typed links, i.e., the classification of each link into one of a predefined set of categories. With this extra information added to the links they proposed that information-retrieval could be improved. In the technique, the node content and its neighbours’ content are used to retrieve the best nodes, and the typed links used to structure the nodes in a logical order which is called planned guided tour.

Two points must be considered when typed links are used, the dependence of the set of types on the type of hypertext application used and authoring effort. So although in this approach the information-retrieval is more fully integrated in the hypertext system, difficulties may arise in large hypertext systems. Also, to have a well-connected tour the hypertext application must have a relatively large number of links, this may be a disadvantage for poorly connected hypertext systems.



Li et al. (1992) and Li (1993) also developed a method for integrating information-retrieval and open hypertext systems.

In his approach, Li used classical methods of statistical retrieval (Rijsbergen, 1979) by pre-indexing the content of all text nodes in order to achieve a quicker response time for retrieval using well-known algorithms. But it must be pointed out that he improved retrieval by introducing concepts such as break words and developing further the use of phrase weighting. Unfortunately his approach has the major disadvantage of being static, i.e. it is only efficient in hypertext systems if there are no changes in the nodes, as often occurs in other information-retrieval systems. If a new file is inserted, removed or changed, into the hypermedia collection of documents, all the pre-indexed information must be recalculated for all nodes and, of course, this is a time consuming task.

One good advantage of this proposed approach however is that the information-retrieval is considered as a different kind of link - a dynamic computed link - making the retrieval more transparent to the user. In this way the retrieval is no longer considered an independent tool. But on the other end the information-retrieval does not consider the structure of the hypermedia for the improvement of the retrieval. The hypermedia link network is completely ignored.



Previous approaches only considered text information-retrieval in hypertext/hypermedia systems. Although the work carried out in Frei et al. (1992) and Frei et al. (1995) was also based on a hypertext system, they used the semantic content of hypertext links to retrieve information, in the hope that this philosophy could be applied in future hypermedia systems. 

They proposed a system which improves information-retrieval by considering for retrieval not only the content of the nodes but also the information stored in the semantics of links. The content of each semantic link was associated with a link description as well as a source and destination anchor and a set of structured link attributes such as creation time and author name. The description takes into account the neighbouring nodes of the link, but if the author (or the user during browsing) thinks that it is important, the description may be extended or completely changed.

	To retrieve information, two different methods of searching are considered: the exhaustive search, which helps a user who does not know much about  the hypertext collection by giving him/her a mean of indicating some interesting starting points, and secondly the navigational search, which helps the user navigate through the hypertext collection until the next interesting node is reached, suggesting the next best match

	The suggested system incorporates good techniques such as the automatic construction of descriptors that can improve the quality of retrieval, helps the user on navigation, and, very importantly, allows the retrieval of  non-text media. Because of the physical amount of the information kept in the semantic links, problems in storage may arise in a large hypertext system, and these problems will increase if the system has a considerable number of links. On the other hand, if the system is sparsely connected, it is necessary to use greater maximum analysis distances, increasing the time for retrieval to an unacceptable level. However, this is one of the systems that takes the hypertext network more into account without too much extra effort on the part of the author.



Currently there is no efficient system that can retrieve non-text information as well as text information. Several efficient (and some of them effective) retrieval techniques have already been developed for text information that use natural language sentences as a query to retrieve the relevant text documents. However, as far as other media are concerned, it is easy to conclude that there is yet a long way to go to find a feasible method. Though some work has already been developed in this field such as Lewis et al. (1996) and O’Docherty (1991) this project seem to have this handicap when comparing efficacy and effectiveness of retrieval between text medium and non-text media.

In the multimedia retrieval approach taken by O’Docherty et al. (1990), they proposed the application of the object-oriented paradigm, suggesting that all these systems  should use it as a way of dealing with complex heterogeneous data types and to make the design more efficient and less complex. To help the user with retrieval, they attempted to store semantic data in the system by interpreting the raw data automatically using knowledge bases.

Their technique of representing and dealing with information (using the artificial intelligence and object oriented paradigm)  seems to be the closest to human interpretation. However, even today, systems using AI paradigms have not proved to be efficient, i.e., producing results with non-text information in a reasonable time and with low processing capabilities requirements. Even if the queries are pre-processed the quality of the results may not satisfy user requirements.



Lewis et al. (1996) proposed an approach - MAVIS - that allows content based navigation and content based retrieval using a hypermedia link service for documents of any media type. With the introduction of the idea of signatures, rather than anchors as in hypermedia systems, it is possible to expand the model of navigation and retrieval. To navigate and retrieve information, signatures were compared, for example: text, colour, shape, etc, rather than the content directly. This pre-processed information improves the efficiency of the system. The structure of the system is generic enough to allow the expansion of models and permit improvements, although direct analysis of non-text media still has a long way to go to reach the efficiency of the text medium. The number of models is still limited and it is difficult to represent non-text media properly. Lewis et al. (1996) pointed out that prior knowledge of the media may be important to improve the efficiency of navigation and retrieval, but such an implementation will be application dependent (e.g. Taylor et al., 1995).

However the expansion of the idea of generic links, already suggested on Microcosm (Davis et al., 1992) for the text medium, in non-text media allows new capabilities on hypermedia systems. It is possible to have links based on the content and not on the structure of the hypermedia. In a way this is an integration of a information-retrieval within the linking functionality of the hypermedia system.



Dunlop et al. (1991) further developed in (1993) presented an important step forward by the using text information-retrieval techniques to retrieve multimedia information in a hypermedia system, using probabilistic text retrieval techniques (Rijsbergen, 1979, Croft et al, 1979). The early work of Frisse (1988) , in which the retrieval was dependent on the structure, and previous work that used text descriptors for multimedia retrieval presented the case that multimedia retrieval could be possible by analysing the linking network. Since a non-text node can have several links to and from it, that start at text nodes and finish at text nodes, then it is possible to build a text descriptor node, based on the content of the neighbour nodes. This will allow the indexing of text information, and therefore the implementation of relatively non-complex computational retrieval mechanisms. This is based on the assumption that the neighbour nodes would be related to the described node with a common information topic, since links usually connect related information.

	To test this theory, the retrieval efficiency of a hypertext application was compared using normal indexing techniques based on the content of all nodes with the same hypertext application where a few text nodes were replaced by descriptor text files. In this way they had a means for comparison of retrieval using text descriptors with retrieval using the content of the nodes. The results show that the retrieval efficiency using text descriptor files is not that much less than the efficiency with the original nodes. However that could not happen if the system were not rich in links. The quality would degrade when only one or two links existed from, or to, the described node.



Using hypermedia browsing functionality to aid the searching in information-retrieval systems, considering the hypermedia at the classification level



	In these kind of integration usually the hypermedia is seen at the classification level. The hypermedia is a way of linking concepts to help the user on the retrieval of information. The navigation is done in several ways, like between similar, broader or narrower concepts, but usually not through explicit links between the documents themselves. The background functionality of the system is supported under the information-retrieval paradigm, on the top of it there is the hypermedia interface helping the user on searching for information.



	Network structures are something that is used for some time in the information-retrieval research and there are retrieval modes that use automatic or manual links between documents and classification concepts and/or links between classification concepts. One of the research fields in concerned about these is the clustering construction and retrieval of information (Rijsbergen, 1979, Salton, 89). Since the clustering retrieval systems offer a way of grouping related documents under a classification tree, it makes them adequate to hypermedia integration. A browsing facility associated with a clustering retrieval tree will allow the easy location of information, by focusing the search on groups/clusters where documents are more highly related with the query, and by easily locating other similar groups/clusters of relate documents.

One such work that used these ideas of cluster hierarchies in hypermedia information-retrieval was develop by Crouch et al (1989). They describe an graphical-traversal browsing interface that supported the analyse of the hierarchical clustering structure of a document collection. The cluster links between documents could be seen on two different viewers. A local viewer contain a fraction of the cluster tree where the user is actually navigating where there are more detailed information about a specific subtree, and a global viewer that allow the user to have a  more comprehensive way of  viewing  the search in relation to the full tree with a significant large number of nods. The user will conduct a search by specifying a query that can be refined during the search by removing or inserting concepts or by indicating which documents have been found to be relevant. To help the user on the cluster navigation, besides visual orientation tools, information is provided for all nods about the number of its relevant concepts in common with the query, and their associated correlational weight.

They preliminary tested this interface and concluded that the performance had a significant improvement compared with the automatic cluster retrieval systems. The authors were able to achieve this without using sophisticated user interfaces or expert systems to solve problems associated with the handling information-retrieval searches.



Another model to overcome with limitations of hypermedia systems in relation to information-retrieval operations was introduced by Agosti et al (1992). Their major concern was about the explicit presentation to the user of the network of index terms and concepts that were used to represent the document collection. In their hypertext information-retrieval model they implemented two associative information-retrieval tools to help the user on navigation. The associative reading was used to guide the user on browsing both the network of concepts and the hypertext at the document level. The semantic association tool was used to reveal the interpretation that the systems holds about a concept that the user uses to express his/her information needs.

Associative information-retrieval tries to overcomes the problems associated with exact-match retrieval. Many previous works have tried to use these techniques and some mathematical background was given as early as Edmundson et al (1961) where word frequency was  related with word significance. Later a probabilistic model (Rijsbergen 1977) was presented where it was not required a previous classification of the documents to be indexed. However, Agosti et al (1992) approach required a preliminary identification of the concepts in the documents that could be either created automatically or manually by experts. However they only tested the system using a manually created semantically connected thesaurus at the concept level. In the way they implement the system, the semantic association tool was able to return conceptually related terms to the terms specified in the user search, by analysing the relations between the terms that thesaurus holds or by analysing the relation between the thesaurus terms and the document terms.

Although their approach is general enough to be applied within an automatically created index classification space, they only tested it with an manually created semantically connected thesaurus. Then more clear tests should be performed to check its validity under an automatically created index space, where many times the statistical relations between some connected terms do not make much sense for the user.



On a similar type of integration in Taylor et al (1995) later developed in Cunliffe et al (1996) there was present the notion of hypermedia navigation on a manually created index space, where semantic relationships existed between index terms. They decided on an index space with three ‘dimensions’, adequate to manually classify their collection of cultural heritage documents: time, space and subject. For the subject classification they used an accepted classification standard in social history. Such subject classification consisted of controlled vocabulary, organised in a semantic hierarchy of broader and narrower terms.  Under the special or time classification it was again adopted a hierarchical classification of broader/narrower space area divisions or time intervals.

They defined semantic closeness measure as a distance between terms in the conceptual schema measured by the minimum number of semantic relationships that must be traversed in order to connect the terms. With this definition they were then able to build two hybrid  navigation/query tools for the automatic traversal of relationships of the index space, with the same functional goal as the semantic association and associative reading tool proposed in Agosti et al (1992) but with a different implementation. In Cunliffe et al (1996) with the query generalisation tool the systems is able to retrieve a rank of terms semantically close to the set of terms in the current position, calculated using different algorithms in each index dimension. This will allow the user the selection of alternatives to generalise the search until he/she will find relevant information. With the navigation via similarity tool the system will be able to retrieve items located ‘nearby’ in the index space, in relation to a previous selected ten of interest.

The query by generalisation tool previously described helps the user on navigation at the index space, and the navigation via similarity helps the user on navigation at the document level. However, both tools have their implementation algorithms only at the index level, in spite of using as well links at the document level as they said it could be possible. Nevertheless their approach holds an important integration of the information-retrieval and hypermedia techniques, by providing the user a smooth transition between browsing and querying. Finally in the social history domain, as some others domains, it is possible to find a sufficiently general semantic connected network of terms, but however for the majority of the domains that will not happened. The index space will have therefore to be created manually, by skilled indexers, and that will lead us to a time intensive development of a specific application-dependent solution.



Another specific solution as developed by Arentes et al (1993) where they adopted a classification space consisting of three thesaurus of index terms that were derived from standard accepted taxonomies on corrosion, material and environment concepts. Their main concern was divided first on the interface presentation of the index structure using a three-dimensional cube navigation tool, and secondly on the refinement on the hyperindece - index information organised in the form of a hypertext as defined in Bruza (1990). Arentes et al (1993) developed a semantic-aware version of Bruza’s hyperindeces by accounting the meaning of the connectors between index terms and by identifying which node types where appropriated for a given combination of index terms. Then they are able to retrieve only the set of all index classification expressions that make semantic sense by considering a semantically coupled thesauri for the domain of concepts when constructing the index expressions for each unit of information. Then the semantically valid index expressions are given to the user for navigation.

Their approach, as in previous solutions given by other researchers relied heavily on the use of thesauri to support browsing search, but however the restriction imposed by them on the connectivity of the hypermedia index structure helps the user navigation. The good visual feedback given to the user by using a cube-navigation tool seams useful but is unfortunately restricted to the use of only three semantically coupled thesauri of index terms. Their menu solution to this problem suffers on the other end from cognitive overhead and time search problems on using a complex thesaurus, and from the complexity of navigation to broader or to related terms.



Another approach was implemented by Boy (1991) where a knowledge-base component helped the user on the retrieval of contextual information by “experimental browsing” or “intentional search” of a hierarchy of multimedia descriptors classifying the documentation. The knowledge was represented as a set of ranked links to documents that are shown under a trigger condition (the selection of a descriptor) and a contextual condition (description of the type of information need, e.g., expert, novice, technical, etc). When the user selected a descriptor of interest the knowledge-base component was responsible for the ranking of the document references, in accordance with the context given by the user. The system would then be tuned under that context, by user feedback of the most relevant documents.

Their system could then acquire the context under which certain documents were appropriated. As they shown, with this component it was possible to have an adaptation of the system to the type of user and to the his/her type of information need, with his/her feedback. However they did not shown how to formalise the contextual conditions. Still, a limitation of the system was the size of the contextual conditions, in order to avoid excessive calculation. This can be problematic in a multi-user systems.



Automatic construction of hypertext



	To overcome with the problem of the difficult creation of  a large number of manual  links many researchers have tried before to implement tools for the automatic construction of the hypermedia structure. The document structure as been used before for the segmentation of text into hypertext nodes and to create a hierarchical skeleton that that linked the nods (e.g., Frisse, 1988) but their construction process was poorly manual. 

Bernstein (1990) suggested a swallow approach capable of automatic identification of similar documents. Proper tools would the be available for the author to use on rapid linking. Their approach was very light and for the complexity of the used algorithms the results were reasonable but however the reliance of the systems on the human author to supervise this systems limited the amount of information that could be processed. 

Golovchinsky (1997) presented a way to get over this problems of the automatic creation of links by using user feedback given while browsing on the documentation. To select anchors, the systems uses an heuristic approach by choosing capitalised words as candidates, and a statistical full text search engine that pick up query terms that distinguish well among documents. When the user selects an anchor to follow the system will extract its context consisting on the terms in sentence that contains the anchor, terms in previous  selections “queries” - user feedback, etc. Then this context is used by the full text search engine to retrieve a ranked set of similar documents that will be organised in a newspaper appearance, i.e. the system will show the retrieve files in a order and taking up a screen space proportional to the ranking of the document.

This kind of approach of building hypertext interface to a information-retrieval systems seams quite intuitive of using but however the creation of links is ephemeral and only apparent. The authors did not show a way of creating permanent links, importance for structuring an hypermedia application.

	

Allan (1996) suggested a much improved way of hypertext construction when a statistical free text information-retrieval tool is used. He inspire his work on the theme generation addressed in Salton et al (1994) by creating links between text segments. He started by constructing links between all the most similar text segments in all text collection. He was then able to give answer to problems like link typing and number of links when using classical information-retrieval tools, by using merging techniques between the most similar from all text segments. The link type were identified when merging links by analysing their relative position on the documents.

As the author said there is yet some more work to do on heterogeneous documents or documents that were written in a non-regular style. However he shown an important approach to solve problems that did not have a good answer before, even if a better evaluation is required. Still, the computational requirements of his solution will not allow its application on interactive systems, mainly on personal computers.

	

	Agosti et al (1996) implemented a tool that could construct a more structure hypertext system for information-retrieval. They  considered a hypertext structure with three different levels: document level, index term level and conceptual level. The links between document were found using document-document similarity and links between terms and documents were inherent to the use of an statistical indexing procedure. Links between terms and were found using term-term similarity and ranked by intra-document weight for finding the source and the destination of a link. Index terms were linked to concepts according to the association algorithm proposed in Agosti et al (1992) and their with intra-document weight determined their ranking. It was possible to limit the number of links seen by the user by selecting a proper threshold level for document-document and term-term similarity. For the concept level they used a manually created semantically connected thesaurus for maintain the link structure at that level.

	In an application domain were a manually created thesaurus is available this approach seams to be of good value for the author but however when a thesaurus is not available then a manually created thesaurus must be implemented and therefore the process of automatic hypertext construction will not be fully automatic. They suggested that an automatic tool for construction of a thesaurus could be use but they did not demonstrate if such a thesaurus could be effective for automatic hypertext construction.



An extended model for integration of information-retrieval with hypermedia systems



As was addressed before, there is a need to implement an easy information-retrieval system integrated with a hypermedia system that can allow the user to navigate through the information without being lost in the ‘hyperspace’. Nevertheless, this need can not prejudice the efficiency of the system when the user is using it as an everyday tool.



Text description of multimedia files using context information from the hypermedia network



In many hypermedia systems that use information-retrieval tools, such as Microcosm (Davis et al., 1992, Li, 1993), to reach non-text information through retrieval one has to hope that when text nodes are retrieved, it is possible to get to non-text nodes (related to the text nodes) through navigation from the retrieved text nodes. This assumption is based on the fact that usually hypermedia links connect related information.

	As we have seen, Frisse (1988) in his hypertext medical handbook developed the concept of retrieval to aid navigation, using the dependency of the retrieval on the hypertext structure to improve the retrieval. In further work, Frei et al. (1992) used not only text files but also semantic links, and, as has been seen before, the semantics links were built with keywords retrieved from the source node and destination node of the link. This system considers not only the nodes but also considers the link network between the nodes. These previous approaches support the conclusion that the hypertext network at the document level is something to be considered for supporting information-retrieval.

It is obvious that if it is not possible retrieve information from non-text media as easily as from the text medium then a text description of non-text media could allow an indirect application of text techniques to non-text media. Text descriptions for the non-text media could be built directly by a human indexer, but this is a time consuming job and, is also, a technique that is very much based on the indexer’s personal understanding of the media.

As was proposed by Dunlop et al. (1993) the existence of links could also be used to produce a computed text descriptor of the non-text node that could permit it to be retrieved directly from a text query. As we have seen, all text nodes that are connected to a single non-text node can be considered as a set where the common characteristic is the related information about the non-text node (check fig 2). In their approach, they applied the cluster (set) centroid algorithm to calculate a descriptor that would be the average meaning of all text nodes represented in the set, and as they claimed to prove, that descriptor represents the non-text node in a reasonable way (see Fig 3). 
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We propose extending this model of text description to represent multimedia information by using more than simply content information from neighbouring nodes (Marinheiro et al 1998). Using the open hypermedia system Microcosm (Davis et al., 1992), where there is much more information available about the hypermedia network, a more precise text description of multimedia information is possible. An improved description can be achieved by extracting the relevant information from the hypermedia application at the document level but extending the Dunlop et al. (1993) approach and extracting the relevant information about the documents that is maintained at the abstract classification level for user browsing.



Extending the model for the text description of multimedia information using information from the document level



As a first step we can produce some improvements by refining the way the content information is extracted from the neighbouring  nodes of the multimedia file being described. In our approach the neighbouring nodes of a multimedia node are the ones connected with at least one direct link to that multimedia node.

In their extraction operation Dunlop et al. (1993) took into consideration all the information kept in the neighbouring  nodes and not simply the contextual information in the node that could be related to the file being described. However, in Salton et al. (1994) and Salton et al. (1996) a different approach is suggested to retrieve information from text nodes through decomposition of the text in ‘text segments’ and ‘text themes’. It seems reasonable that a text segment, or theme, could be much more relevant to the construction of the non-text node descriptor than the whole text node, since it is possible to have in the same document (node) a lot of information that may not be related to a particular destination node of a link that starts from a marginal sub-topic of the original node.

With this previous idea we can consider a different integration in the Microcosm open hypermedia system (Davis et al., 1992) when extracting content information. So, instead of considering all the information kept in the nodes, as Dunlop et al. (1993) did, it could be better to consider only the segment(s), or the theme(s), parts of the nodes that have links to the non-text node to be described. In this way the quality of the descriptor would increase and as a result the information-retrieval efficiency would increase as well. The Salton approach is however time consuming and in large applications this might be a significant disadvantage. We will then consider the information (text) kept only in the link anchor selection to build a more reasonable descriptor. 

Further development may also be achieved by considering the phrase or the paragraph where the anchor is located. This is justified by the work developed in Harmandas et al. (1997) on the World Wide Web. There, they exploit the link nature of the Web to build the text description. This is achieved by using the information from the image caption around each image, the image caption of neighbouring images, the full text where the image is inserted and the full text of other links to that page. They show that considering the full text where the image is inserted is the option that gets the worst recall/precision on the retrieval, and that the information that most improves recall/precision is the image text caption. Nevertheless, for now, it is possible to suggest that the anchor information will be more closely related to the described node than all the text information stored in the text file.

Another way of extending the model of text description is possible by considering other valid information that is available in an open hypermedia system such as Microcosm. In Microcosm there is a small text description about each link, and this kind of link description may also help in the building of the file descriptor for each non-text file, in the same way as the link anchor will. Frei et al. (1992) have already used link description to improve recall/precision with good results mainly with author description. However in their work the use of the link description for information-retrieval required a time consuming computational model. But since we will only use the link description for the construction of the text descriptors then this problem will not emerge.

Finally another way of extending the model of text description can be achieved by distinguishing between different kinds of links. An advantage of Microcosm is that there are different kinds of links for different functionality. Usually, the generic links and the local links are used more for definitions, examples, and accessory related information, and specific links are preferentially used for the back-bone link structure of the application at the document level that will allow the user to navigate between different items of information that may be obviously related or not. It is then clear that if the links relate information in a different way, then there use to improve information retrieval must be pondered (Savoy, 1996). It should be possible to differentiate the use of the information associated with each link in the description file.

Generic links usually relate information that is semantically closer to the content and are not so much dependent on the browsing information, whereas specific link may give more information about the hypermedia network functionality of an application, and not so much about the content. We then have the possibility of choosing  a weighting, dependent on the type of each link, which will allow us to attribute more relevance to generic links. This weight will be then the number of repeated times the information referent to a link will be present at the descriptor file.



Extending the model for the text description of multimedia information using information from the abstract level



Until now we have only considered the construction of the text descriptor from the information on links that the system has at the document level. A lack of links at this level may degrade the retrieval efficiency of non-text media, as was shown by Dunlop et al. (1993), and sometimes the links to images are not relevant or relate information in a non descriptive manner, as discussed in Harmandas et al. (1997).

There has been a significant amount of research on “hypermedia like navigation” through a semantically connected set of concepts at the abstract level (Agosti et al., 1992, Arents et al., 1993, Cunliff et al., 1997). In their work, multimedia information-retrieval was possible with the same efficiency irrespective of whether the media to be retrieved was text or non-text. The classification of documents against a semantically connected thesaurus could allow retrieval through the concepts of classification. In works like Arents et al. (1993) the creation of trails through the information using semantic coupled hyperindexes has also been suggested.

In Microcosm further valid information is kept at the abstract level and this suggests its use for the building of the text descriptor. To implement navigation in Microcosm at the abstract level the author is usually required to create a small text description of each file, some keywords, and its classification under an abstract concept - a logical index. Thus, this important information can be used in the same way as the information taken from the links to build the text descriptor. The new system will then always have a small text description that allows the retrieval of non-text media, independent of whether there are any relevant links.
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� - Information that is used to build the text descriptor file for a non-text node



Calculation of the descriptor file



In summary, for the construction of the text description files, our approach uses not only the information kept at the document level, as the majority of research has done until now, but also information maintained at the abstract level, improving the possibilities of better retrieval. Another novelty is the consideration of different link types that allow the distinction between different kinds of information taken from the document level and from the abstract level, as shown in Fig 4. In the formula bellow used to build the text descriptor files, it can be seen that it is possible to change several parameters to improve the retrieval quality of the information-retrieval tool to integrate with the Microcosm system: 
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where:

L	link

Ge	set of generic links connecting to the non-text node

Lc	set of local links connecting to the non-text node

Sp	set of specific links connecting to the non-text node

LiS	link anchor selection on link i

LiD	link anchor description on link i

ls	integer weight given to the specific link

ll	integer weight given to the local link

lg	integer weight given to the generic link

n	node

N	set of text neighbours nodes around on the non-text node to be described

njD	description of node j

njA	logical index of node j

a…f	different user /author integer weights





Besides the different weighting depending on different link types, that has already been justified, there is also the possibility of changing the relative weighting between information coming from the node description, the node logical index, the link description and the link anchors. This allows the system to have different text description file construction strategies for different applications. Some hypermedia information in Microcosm is author/user dependent and its importance on the construction of the descriptor must reflect the author/user behaviour.



Integration of an open hypermedia system with text information-retrieval to facilitate multimedia information-retrieval.



In our work (Marinheiro et al 1998) there were two main goals too be met when we considered the extension of the information-retrieval tool to incorporate the retrieval of multimedia information within the open hypermedia system Microcosm:

-The first goal was to design an integration model that allows us to reuse an existing text information-retrieval tool behaving like a “black box”. This allows for the future reuse of different text information-retrieval tools that can easily be  inserted into the modular architecture of the Microcosm system;

-The second goal was to integrate the information-retrieval tools in a transparent way for the user/author, i.e. to do it in such a way that the user/author would be hardly aware of its existence, apart from times when it is necessary to change parameters. To implement this it is necessary that the system tracks down all the information about the hypermedia network that may change in the application and update the affected text descriptor automatically.



The reuse of an existing text information-retrieval tool.



In Microcosm, each file that exists in a specific application must be registered under the DMS (Document Management System). The registration information is kept in a database record that holds all the information necessary to control the file. The system permits the creation of a new field in that record and this allowed us to create one extra filed for each text descriptor file record, in a way that saves the physical reference of the file that is being described. The reverse situation was implemented as well by creating a reference field in the described file record that points to its descriptor, as shown in Fig 5. Consequently, there is already a physical reference association between the descriptor and the described file, and it is therefore simple to get one if we have the other. This registration information allows the retrieval of a non-text file when its text descriptor is retrieved by a text retrieval tool, as will now be shown.
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� -	Integration of the Descriptor Filter with the Microcosm System for the retrieval of multimedia information



In the third section we saw that in the Microcosm system the management of all information relevant to the link services is at the back end and is processed independently from the front end, where the viewers interact with the user. These back end link services are managed by a sequence of filter modules that communicate with each other by messages. Each filter process the messages relevant to the information that it is responsible for, and then passes on the processed message to the next filter, either in a new message or not.
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� -The changing of messages to retrieve the right document

One such filter in the filter chain responsible for the text information-retrieval capabilities inside Microcosm is the Computed Links filter developed by Li et al. (1992) and Li (1993) as described in section two. The output of this filter is a set of ranked text files from the set of all text files in the application. This ranked set of text files contains suggestions for a starting point for navigating at the document level of the hypermedia application, similar to that obtained through a text selection that the user has specified. For each suggested file a message with its reference is transmitted, that will be received by the Dispatcher Filter. This last filter will show the brief abstract level description of the suggested files, in the same order as the messages were received. Then, the user just has to select the desired file(s) to be shown.

In order to satisfy our first objective of integration, a new filter - the Descriptor filter - was developed and inserted into the Microcosm filter chain after the Computed links filter and just before the Dispatcher filter, as presented in Fig 6.

Since Microcosm messages are passed from each filter to another in a sequential order, the Descriptor filter, inserted in the filter chain after the Computed links filter, only has to keep track of the file registration information part of the messages that goes through it. In this way it is sure to catch all non-text files represented by descriptor text files.

After the Computed link filter returns the text descriptor files or normal text files the Descriptor filter only has to check in the message for references to the described files. In the messages where this information is found, it is only necessary to replace them with a different one where the respective described file is returned as in fig 5. 

In this approach, the Computed Links filter does not have to be aware that it is retrieving a descriptor file on the one hand, nor does the Descriptor filter have to know how to retrieve information in response to a query. So, the independence of the two processes is assured. Finally, the Dispatcher Filter shows the user all the retrieved links, and between them links to every kind of media, for example: text, images, sound, videos, etc.

So, as it can be seen, it is possible to reuse an existing text retrieval tool, extending it to incorporate multimedia retrieval. In principle, the Computed links Filter could be replaced by any text retrieval tool that is able to receive and output messages. This approach benefits from the use of the file registration, the flexibility of the filter chain structure, and the existence of one filter that already retrieves text files.





The transparent integration of an existing text information-retrieval tool



	Now it is necessary to define how the Descriptor filter should behave in order to satisfy the second objective of transparency. One of the major problems with the Computed Link filter developed by Li et al. (1992) was its static behaviour, i.e., actualisation of the content or structure of each application was not considered by the filter, unless the author specified it. In more detail, the Computed Links filter does not change the inverted file information necessary for retrieval when files are inserted or removed from the collection. So every time the user inserts a new file or removes an old one, he/she has to recreate the inverted file.  To avoid a similar problem in this new filter, it is necessary to carry out some other procedures to allow a transparent integration, for the user/author, with the Microcosm system, see Table 1.
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� - Situation to which the Descriptor filter reacts in order to maintain consistent descriptors.



When a new file is created, a notification message is put onto on the filter chain. So, after the Descriptor filter acknowledges that the new file has been inserted, it selects a proper name and creates the descriptor text file with the information provided by the document registration attributes. If this filter is inserted for the first time in the system, on the creation of the text description file, it also asks the linkbases about all the links that are pointing to the described file, and gathers all the text in the source anchors and descriptions and includes it in the text description file, and the formula described previously is applied. However, special care is taken in the storage of this information since all of it must be recognised by the Computed Links filter. Since only text information should be saved, separation between different parts of the text descriptor is achieved through the use of a different number of linefeeds. This is important to allow the distinction between the different links in order to permit their maintainability when they change. When a file is removed from the collection it is only necessary to remove the descriptor text file.

	When a new link is created, the Descriptor filter has only to catch the message that created the link in order to withdraw the text selection and link description from the message and store it properly, by applying the formula  in the text description file, together with information taken from the registry concerning the linked files. If a link is removed, the text concerning the source anchor stored in the text description file is taken out and when the document registration attributes or the user description is changed, the text description file is also updated.



Results and partial conclusions



	With this approach (Marinheiro et al 1998), some ad-hoc qualitative experiments were undertaken, since with the text information-retrieval tool used (the Computed Links Filter) it was not possible to access the analytical information about the ranking of the retrieved nodes.

We decided to choose two different applications showing different strategies in the building of applications. In the first experiment we tried to study the situation where the author usually does not plan the construction of the hypermedia application, by considering the extra functionalities that the Microcosm system provides. In this application the logical type index and text description at the abstract level were not valid or related to the content of the nodes. At the document level the only valid information considered was the link anchor selection. In the second experiment, we tried to test the potential of the Microcosm system for the automatic construction of text descriptors by using a better planned hypermedia application with valid information both at the document and at the abstract level.

In the first experiment, the recall of multimedia files was not very high in subjects related to the one addressed in the non-text node to be retrieved. In the second one however, since we had considered information from  the abstract level and used the link description, the recall was improved with the possibility of retrieving multimedia files even when non-text files had a small number of links connecting them.

With these first results, it is already possible to conclude that in applications developed for Microcosm the integration works well, but some improvements must be made in the future. In the ad-hoc experiments, we noticed that the text description is mainly dependent on two factors. The first concerns the quality of information used at the abstract level. This information improves the retrieval of multimedia information through the use of text descriptors if the author has built the applications in a planned way. If care is not taken in the insertion of information at the abstract level, that information can not be considered for retrieval. However, for a planned hypermedia application, the good results obtained justify a better study of the abstract level in the future.

The second factor is the number of links connecting non-text nodes with text nodes. In a poorly connected hypermedia application the efficiency of retrieval diminished. The consideration of segments (themes) as well as link anchors is therefore something that should be considered in the future, as discussed in section 6.1.1. But the use of information taken from the abstract level allows the retrieval of multimedia files even in a situation where the hypermedia application is poorly connected.

Currently, the integration of a more powerful information-retrieval tool is under research. With this new tool it will be possible to get more analytical results, and then obtain improved results in the importance of the hypermedia network information such as link type and description and, abstract level logical index and description, on the construction of descriptors.



Future work: Improving the extended model for the integration of information-retrieval with hypermedia systems



As it was noticed by Agosti (1996b), traditionally in hypermedia systems there is usually the use of manual browsing through explicitly authored links, while in information-retrieval systems there is usually the construction of analytic queries returning a ranked set of documents. She said that although some recent research has attempted to integrate these two approaches, they still tend to appear as distinct phases of a user session.

Our goal for the last part of this work is then to find a better integration between information-retrieval and hypermedia. Until today there has been different ways of seen the integration of booth systems. The differences between the approaches on integration can be classified under the two dichotomies structure vs content and document level vs abstract level.

In a way hypermedia systems and information-retrieval systems can be a mirror image of each other. Usually in classical hypermedia systems there is more emphasis on the analyse of the structure of the information while in classical information-retrieval systems the emphasis is given mainly on the semantic content analyse of the information. Only later on in hypermedia systems the semantic of links started to be importance to help the user on browsing. It then makes sense to say that structure is for hypertext as content is for information-retrieval systems. Things can go further and we might say that links representing structure are for hypermedia systems as index terms representing content are for information-retrieval tools. Or by other words, a network of links in a hypermedia system connecting documents or fractions of them carry out the same task as the set of all indexing terms is carrying out in an information-retrieval system. So on the integration between booth systems we must consider more structure and link information on the information-retrieval side and we must consider more content and index term information on the hypermedia side.

The abstract level and the document level dichotomy was present in many information retrieval systems for content retrieval of information already for a long time as it was present later on in hypermedia systems for structuring information. Facing this, much of the effort on integrating these approaches have been done between these two way of seeing the abstract level, since in practice this level contained the same structure and content information but gave different tools to access to it. However when the document level is consider not always the integration between the two approaches have been done in the same way.

So in the way we view the integration between information-retrieval systems and hypertext systems the integration should be done booth by considering structure and content at the abstract and at the document level in a new systems were the user is not able to say if he/she is dealing with a hypermedia system or with a information-retrieval system.



Analyse of a better integration at the document level



In this part of the work we will try to study a better way of integrating information retrieval with hypertext systems when considering structure and content information from the document level, that can allow a smooth transition between retrieval and navigation which ever the media is considered.

As a first step  we will propose an integration of an independent third party information-retrieval. The model of this integration will probably allow, along side with author indexed information, the use of user indexed information that can be changed according with his/her information needs. This resembles in a way the microcosm model were there are application/author link-bases and user link-bases.

Secondly we propose the use of more information supported by the structure of the hypermedia by using the link anchor context that will be used along side with user/author specific selections for indexing. This will allow the retrieval of more specific information. The use of link anchors context will also refine the model of retrieval of multimedia documents using text descriptors. The model will also be further expand to allow the retrieval of text and non-text documents from within non-text documents.

As a consequence of the second, the third point of integration in our propose will be the extension of the model of the generic links by considering more content information on hypermedia. Along side with the exact match, to find of generic links we will use similarity matching. By indexing the context of a generic link anchor, the move of the generic link matching algorithm to the information-retrieval side of the integration will be possible and then, the will be a merge between the two ways of accessing information which will imply a more smooth transition between navigation and retrieval.



Better integration with a new information-retrieval tool



One difficulty that arise in the previous model was the limitations imposed by the information retrieval tool used in the integration - the Computed Links filter. Beside the limitations imposed by the way the information algorithms were implemented, there was as well communication problems with microcosm. Not all the messages were interpreted by the filter allowing it have an index tree that would reflect the real content of the system. Another point was the fact that in the Computed Links filter it was inserted in the same module the information-retrieval tool algorithm and the communication protocol with the Microcosm filter chain. To have a more flexible implementation we should then create three different modules each one responsible for its specialised task. The Information retrieval tool should be responsible for the core information-retrieval management. The Link-retrieval Filter should be responsible for the management of information received from Microcosm and for the work of the received information in a way that can be used by the information-retrieval tool and by Microcosm. Finally the communication layer will be more concern with the physical  transportation of the information between the two previous modules and for the conversion of the Link-retrieval protocol to the protocol that the information-retrieval tool can understand, as it can be seen in Fig 7. 

With this model it would then be possible to have a more flexible integration, with the possibility of changing easily between different information-retrieval tools. This model allows the use of a information retrieval tool placed in a different computer system, by dividing the communication protocol in two with each part place in a different system.

We will analyse the possibility of having along side with the application indexed information the possibility of having user indexed information. With this facility the user have the facility of specifying his/her won   topics of interest for future retrieval and to have the links created by him/her reflected on the information-retrieval side of integration. There is however two implementation alternatives to this approach that will be studied. The first one will be the storage and the run-time used of two separate index trees, which have limitations on the merging of the results since the two indexes reflect a different view of the document collection. The second one, maybe more feasible, is the storage of two different indexed trees but the use at run time of just one tree that will be created by merging the too previous. In this last approach there are maybe some computation limitation that must be further studied. 
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� - Integration of a third party information-retrieval filter



Considering more structure information on information-retrieval



	In the first part of the work we have seen the importance of links for the automatic creation of descriptions in order to incorporate the multimedia retrieval of information. However one aspect that was consider in its implementation for simplicity reasons was the use of only the link anchor, instead of context surrounding the link on the text file, for the construction of the automatic descriptor. We should then consider in addiction to the link anchor, the context were the link is inserted, like the sentence, paragraph and possibly the theme segment, that can be constructed by checking the similarity between the paragraph were the anchor is present and the surrounding paragraphs, in a way that is more simple than the one implemented in Salton et al (1996). Then it would be possible to retrieve non-text documents from text queries in a more precise way.

A limitation in the first part of the work was the fact that it was only possible to retrieve non-text files given a text selection. The model can be improved by allowing the user to find text or non-text documents, or parts of it, from text or non-text documents. With the availability of a descriptor for a non-text file is possible to find matches in the other way around. When in a non-text document, by using the text descriptor a the source for a query, it is possible to retrieve any multimedia documents, text or non-text, by matching that descriptor within the indexed tree of the information tool.



	A second approach to give more structure information to the content retrieval should be done by allowing the indexing of the context of the link in the indexing tree of the information-retrieval tool. When a link is created it should be noticed that it is usually connecting two smaller units of information that belong to a more vast information unit that is the full document were they are inserted. So the consideration of the links context on indexing for retrieval proposes will allows us to have access to more specific information.

A user/author specific selection for indexing may also be considered. It can be interesting to have the facility of accessibility to smaller units of information inside text files that in a different  way could became lost in  the full text document.



So at the end we would have the following indexed information:

	- The full text content of all documents

	- Specific author/user segment selections

	- Anchors context of all links



Considering more content information on hypermedia



	One of the major advantages in Microcosm was the usability of the generic link as a powerful way of creating links and as a more content oriented way of following it. Its way of working is in a way related to the information-retrieval. It is stored in a database, but however to find it a boolean match is processed, an algorithms that was one of the firsts to be used on information-retrieval systems for of its simplicity. It was been proved to be an algorithm of good precision (Salton 1989), but however its recall its low. As an example if a generic link is created that has as an anchor the word car, then for all the application that link can be followed when that word is selected. However if the word automobile is selected instead such thing is not possible any more. To improve the concept of generic links more information should then be used on link following. To overcome with this problem it was suggested the use of a manually created thesaurus for expansion of the anchor selection (Lewis et al, 1996b), but however a thesaurus implementation is difficult, time consuming and application dependent. As it was pointed out in the previous section the text that is surrounding a link is also important for representing the context where the link is present. If the generic link could be also found in any text document by similarity matching of its context then even in a sentence were the word car is replaced by the word automobile the identification of the generic link could be possible. Resuming, the context of the link (e.g. sentence, paragraph or theme/segment) will allow its identification even when there is no exact match. So along side with the exact-boolean matching we suggest the application of a similarity matching that will be performed by the information-retrieval side of the integration. For this propose we will used the previous context information sorrowing the link and the link description already indexed as outlined in the previous section.

However we suggest a improved way of showing the availability of the link. In the way Microcosm is working at the present if a user find a word of interest for further reading he/she will select that word to check for a possible generic link. If no link is found then the user will try to select the sentence where the word is present in order to execute a computed link. In a common situation on Microcosm information seeking we have present two distinct phases of a user interaction. It then makes sense the integration of this to steps. We will give the user the facility of having possible generic link(s) to be followed shown at the same time the as a rank of relevant document related to the selection. The two searching phases integrated in one. Information-retrieval and navigation will then tend to merge. The new user action will note be “show me links” or “show me similar information” but will be “show me any thing”.



Analyse of a better integration at the abstract level



In this part of the work we will try to study a better way of integrating information retrieval with hypertext systems when considering structure and content information from the abstract level, that can allow a smooth transition between retrieval and navigation which ever the media is considered.

We will shown in the first place an improved model where the abstract level management is placed with a process at the filter chain, along side with the other processes responsible for the Microcosm hypermedia and information-retrieval functionality.

Secondly we will suggest different alternatives to the construction of the abstract level, and the automatic classification of the text documents. Then an algorithm is suggested to the automatic classification of non-text media.

On the third place we will suggest an improved way of using document level information for the automatic construction of text descriptors.



Better integration of the abstract level



In the first implemented model one of the difficulties that we notice with the Microcosm structure was the lack of the system on communicating the changes on the status of the documents at the abstract level to the filter chain were all the information is usually processed. So it is necessary to refine the model in a way that the flux of information is less problematic.

One of the major advantages of Microcosm was the separation of the front end of the open hypermedia system, responsible for the user interactions with viewers, from the back end, consisting of a chain of filters (processes) responsible for the execution of the operations requested by the user. However at the moment the abstract level information is processed by the DMS - Document Management System - at a different level of functionality outside the filter chain. To have a coherent systems where the dealing of information is kept under a chain of autonomous communicating processes, it makes much more sense to have then a autonomous process that is responsible for the management of the abstract level information, that is kept under that filter chain. In this way it is possible to have a easier communication between the different processes responsible for the management of the hypermedia and information-retrieval information. See Fig 8.
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� - Integration of the abstract level in the filter chain.



From the document level to the abstract level



On many Microcosm applications the abstract level does not reflect the structure of the hypermedia network or the content of the documents. Many times it is adopted only a separation of the documents under clusters of the same media type. With this reality present when testing the first implemented model we notice that many times the abstract information was invalid for the automatic construction of text descriptors and, for the same reasons, the use of that abstract level information was a poor alternative for the access to relevant information. 

The lack of the present model of Microcosm on giving a good management tool for the processing of the information at the abstract level may intimidate the author to create and maintain applications were the information at that level is relevant.

To help the author on building a better abstract level we should then provide him/her with an automatic or semi-automatic way of constructing and maintain that level or then a easy way of importing and maintain a previous constructed abstract level. Different alternatives are then under study and the implementation, testing and comparison, of at least two of then will be done in the future. 

To construct a multimedia classification level is not a easy task which ever the media considered, text or non-text, or technique adopted, manually or automatically. However for the text medium things are simplified for its automatic construction or as an alternative in many domains a manually created classification is available for use. We are then interested on using testing an existing classification tools that can be used under Microcosm model.

We can then adopt different tools for the construction of the abstract level:



( Automatic Clustering

With this tool there would be a fully automatic classification of all text documents under different clusters in hierarchic tree using one of the algorithms suggested in Rasmussen (1992). The author would have of course the facility of changing the classification of created hierarchy. 



( Semi-automatic Clustering

This tool is an extension of the previous one. Here the author could define a skeleton of a proposed classification hierarchy and then the tool would be responsible for the automatic classification of the text documents under that hierarchy that would be automatically expanded in a way that would allow a correct distinction between the incorporated documents.

If the tool would be evoked after the implementation of the link network structure at the document level then some algorithms could be used to find central nodes of navigation such as the one suggested by Salton et al (1994) when he found that segments with a large number of output links would indicate importance segments for resume construction. The direction of link may as well give a clue about the parent-child hierarchy relationships of nodes.



( Manually Created Thesaurus -

In many specialised domains a semantically connected thesaurus of concepts is already available for use. The classification of documents could be done manually or then an associative information-retrieval algorithm (Edmundson et al 1961, Agosti et al 1992) could be used to automatically index all the text documentation under the thesaurus.



( Automatic Created Thesaurus

In this tools the semantic dependency of the words in the document collection could be used for the automatic construction of a semantically connected thesaurus (Srinivasan  1992, Edmundson et al 1961, Rijsbergen 1977). Afterwards the classification would be done automatically for all text documents using the same algorithms pointed out in the previous section.



The automatic algorithms based on statistical procedures may have a problem on the user/author understendability of the hierarchical created network created for the abstract level, a problem that does not appear so deeply on a manually created classification space. However manual algorithms have a large effort requirement on the author as opposed the automatic algorithms, and their application is limited usually to collections of documents sufficiently narrow in scope.

The classification of the text documents with a clustering algorithm is more simplified than when comparing with a classification using a semantically coupled thesaurus. However the distinction between different clusters is bluer than the distinction between different concepts when a thesaurus is used.



	To classify a non-text document under any of the previous classification models a manual procedure could be adopted or instead some automatic procedures could be implemented if the network of links at the document level would be already available. The system would propose the author the assignment to a certain concept depending on the number and type of links connecting that non-text document to other text document already assigned under that concept, as it is outlined in Fig 9, or depending on the  minimisation of distances to the files they are linked to.
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	If user words were available, as it is possible under Microcosm, then a similarity matching could be performed in order to find the most suitable classification concept.

	For the previous classification procedures and future alternatives some testing must be performed in order to find the best option for automatic classification of pictures.



From the abstract level to the document level



	Beside the navigational feature proportionate by the abstract level, it is possible to use its information for the retrieval of multimedia information. On the implemented model for multimedia retrieval we used automatic constructed text descriptors that considered, among other things, the information from the abstract level. With its use it was possible to over come with problems that would arise in poorly connected hypermedia applications.

Under the new model we propose to test improved ways of using abstract level information for the automatic construction descriptors. The abstract level can helps use on distinguishing between the relevance of different links on connecting non-text documents to text documents. As we will try to demonstrate, generic links will be more relevant for the creation of descriptors which ever the cluster where the destination file is present, but when we consider specific links, the most relevant ones are the ones that have the anchors on documents in the same classification concept / cluster.

We will test as well the relevance of the most frequent terms in a cluster / classification concept to build the text descriptor for images.



Implementation and evaluation of the system



We expect to have the implementation of the part of the better integration at the document level (section 7.1) ready and test by March 98. On evaluation we will first analyse the differences between the different alternatives on the amount of information taken from the context of links (sentence, paragraph, anchor selection, etc) to build the text descriptors along side with the use of the user link description. Then it will be done an evaluation on the influence of the different type of links on the effectiveness of the model using text descriptors. 

For this propose a proper Microcosm hypermedia application must be chosen or built for the evaluation along side with a set of queries and their related documents that must be previously found in a manual way. This is not an easy task and we will try to use generally accepted document collections and their sets of queries. However the majority of evaluation was done only on information retrieval and not so much on the integration of information retrieval and hypermedia. There are some suggestions that can be followed by previous evaluation work developed by Dunlop et al (1993).

Before March 98 we will try to have as well ready an evaluation of ability of retrieving text from images using text descriptor and to have a qualitative evaluation on the importance of indexing the context of links for location of generic links and for the integration of the retrieval and navigation mechanisms in one.

Then, the final part of the work will be dedicated to the evaluation of the different types of index levels on the build of the descriptors and try to analyse which one is the best for its automatic construction and for its use on text descriptors: the thesaurus or clustering abstract levels with manual or automatic construction. For limitations on time only two of those approaches (that with further research will lock more suitable for our model) will be chosen for implementation and testing. Then the evaluation of the automatic classification of non-text documents under the two previous models will be executed. We expect to have this part ready by December 98. The six following months will be dedicated to the finishing on the writing of the PhD thesis, that will be submitted by May 99.



Conclusions



	From the research that we have been carrying on the integration of information retrieval systems with hypermedia systems we can already point out some achievements that we reached and some limitation that must be further studied.

	The possibility of retrieving any multimedia document using text descriptors is not a new approach, but however in the way we implemented there are major improvements. The consideration of specific information items inside nodes (like anchor selections) was one of the first novelties that we used to improve the model. However to further improve that model, especially when the number of the available links was too small, we considered the abstract level information that could 
allow
 us to retrieve multimedia documents even under that circumstances.

One limitation that we noticed was the fact that the text description was dependent on the quality of information used at the abstract level, and on its turn was dependent on the author ability and care on the construction of that level of accessibility. To help the author on its construction we then presented a model that will implement a couple of alternatives, along side with a management tool that will help the author on its easy construction. However since its construction can be fully automatic we must check its functionality for the construction of text descriptor to give accessibility to any kind of media.

Finally, one of our novelties in the last proposed model was the better integration between information retrieval and hypermedia ways working and access information, by considering more structure on retrieval, and more content on hypermedia. Indexing the link context for retrieval will allow a better identification of generic links and a more precise retrieval 
of information all in one phase
 of a user interaction.



With the last model the integration will allow the access to 
any
 multimedia 
informa
tion
 in a way that the user is not aware of being using two 
integrated 
systems but just one.
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