APPLIED SEMIOTICS:�AN APPROACH TO OVERCOME THE WWW-PROBLEMS



V. F. KHOROSHEVSKY

Computer Center of Russian Academy of Sciences,

117967, 40 Vavilov str., Moscow, RUSSIA

E-mail: khor@ccas.ru

Semiotic engineering approach to the development of intellectual space on WEB was presented. It is outlined that the building a set of new WWW-servers and special Home Pages with mutual links and indexing information presented there without understanding their sense is blind alley that not leads even to real informational space. In according to the creation of intellectual space in Internet a new approach to WWW problem solving is needed. It was shown that semiotic engineering can be used as a basis for WEB-oriented intellectual space design and implementation. Multi-level MAS architecture for such a system is suggested.

1	Introduction

1.1	What is the problem in?

Free access to informational and intellectual resources collected by specialists and communities is one of the main conditions in progress of society. Nowadays global networking is the right way in this direction. Internet, and World Wide Web in particularly, gather multi-aspect information at the WWW-servers. This information can be presented to the consumers according their requests at any point that has a connection to Internet.

But all over the world informational space has its own problems. 

A cup of them is connected with the leadership of networking hardware in comparison with appropriate software and brainware. In hot spot of our interests current level of network software allows to create distributed data bases and to support SQL-requests to the information from these DB only. At the level of brainware situation is poor too: DB-indexing based on key words approach and searching with a keywords supported by AND-OR-NOT strategy are widely used methods. 

Next pool of the problems is the creating and maintenance of informational space discussed in [1]. Data mining approach to the informational space forming and robot generated WEB-index are the solutions widely used nowadays [2, 3].

The general failure of Internet informational space is in its explosive growing from the one hand and mainly technological and syntactical methods in attempts to bridle this growing from the other hand. So, the search on WEB is the art at the moment and it demands new and new computational resources and time-time-time...

1.2	Why the problem can’t be solved at the road of traditional approaches?

The growing of Internet informational space in general and the set of WWW-servers in particular is the positive tendency. The single modern way to control the situation is the specialization of WWW-servers that de facto is already exists.

In addition to specialization “by data” we can observe specialization “by interests” on WEB supporting at the level of the persons and communities Home Pages and repositories. This is the good idea but it is supported nowadays at the technological and syntactical levels only.

There is a vicious circle in such a situation. We are interesting in new and new WEB communities and agree that they should interact. So, we build new and new WWW-servers and a collections of special Home Pages and repositories with mutual links and try to index information presented there by key words without understanding their sense. It is blind alley that not leads even to real informational space. But our goal is in the creation of intellectual space in WWW environment.

1.3. Where we should going in intellectual space problem solving?

It seems that the single break from above outlined vicious circle is the jump to knowledge processing on WEB instead data processing that is used nowadays.

This general declaration leads us to the following natural solutions. We need in

domain knowledge base with explicit description of intellectual space itself;

meta knowledge base where the informational space description is presented;

natural communication machine to support knowledge acquisition and/or queries processing within a dialogue;

special reasoning machine that allows to support above defined knowledge bases and/or user’s activities.

All of these components should consist the basis for semiotic system that can allow to receive really relevant answers for the intellectual space users requests. Moreover, we should allow to extend such an intellectual space across the WEB by its users themselves.

2	How to Use Semiotic Engineering �in Intellectual Space Development Domain

2.1	Semiotic Engineering as the Basis of Intellectual Space Development

The overview of the results in above depicted domain shows that Semiotic Engineering (SEMEN) is the right approach to intellectual space (IS) problem solving. Really, it based at the powerful formalism that allows to gather and process knowledge at basic and meta levels. The formalism is sufficient to the explicit representation of formal and common sense knowledge and inference and allows the bootstrapping of the descriptions. It has the significant support in theory of semiotic modeling and in tools for their implementation developed in Russia [4].

All above does not mean that already exist techniques and instruments could not be integrated into the common semiotic system that should support the development, implementation and maintenance of intellectual space on WEB. Instead of this statement we are sure that real IS can be created within the using whole spectrum tools available for this problem solving nowadays [5].

2.2	Technology of Intellectual Space Development

The intellectual space is defined by the set of the tasks that should be solved by the users. Obviously the first level of the tasks is connected with information retrieval and multi aspect net access to the informational and computational resources. The next level of such an intellectual space processing should support the creation and maintenance of domain knowledge bases creating at the different WWW-servers by individual members and community as a whole. So, the intellectual space model should be semiotic and to allow the non contradictory development of such a bases from different Internet nodes.

It seems that the technology of intellectual space development based on SEMEN can be depicted by the following schema (fig. 1).

Intellectual space semiotic model is initial point in this diagram, of course. It can be developed in according with the methodology of situational control [6]. The mapping of this model into knowledge base internal representation based on knowledge engineering and semiotic engineering methods. At the first stage of the IS implementation semiotic model can be mapped into hyper media representation (for example, HTML-representation supporting at the moment by the browsers of Netscape type with CGI/Java/Perl extensions). But the closure of IS forming technological chain needs a special instrumental tools. 
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Fig 1. Technology of Intellectual Space Development

Among others we can suggest the PiES WorkBench System developed in Russia oriented at knowledge based design of intelligent systems software [7]. Some key principles of this system are presented below.

2.3	An Intelligent Tool Kit PiES WorkBench

The main concept of PiES WorkBench is in the design and implementation of integral environment with different level instruments and tool kits. Selection of the adequate instruments may be supported by PiES WorkBench itself (then it appears to users as intelligent manager of project and/or it's technical part) or by user himself (then PiES WorkBench serves as an intelligent assistant of user's solutions).

Technology of the user's work in PiES WorkBench is oriented to the explicit representation of knowledge about systems design and implementation for all projects supported by the instrument. So, a special administrative knowledge base is supported by PiES WorkBench itself. KB "Admin" description is based on frame formalism (as well as other KBs in this system).

�

At the top level of management each project registered in PiES WorkBench gives the legal users access to three main knowledge bases: "Plan", "System" and "Tools". Relationships between them are depicted in Fig. 2.

Fig. 2. Knowledge Bases Interrelations in PiES WorkBench

All these bases are connected with KB "Admin". KB "Plan" is necessary in order to answer three main questions - "What?", "When?" and "By Whom?" will be made in current project. There are several types of knowledge in KB "System". Among others we can mention the definition of the designing system architecture; it's components specifications and the description of the links between components. Using this information PiES WorkBench can find the answers to at least two following questions - "What is the system under design?" and "How can be designed the system?". The last of above mentioned knowledge bases is KB "Tools". It connects KBs "Plan" and "System". Explicit specification of known in PiES WorkBench instruments is present here as well as the description of each instrument. It provides the possibility to answer the following questions: "What instruments are supported in PiES WorkBench?" and "For what and how the instrument can be used?".

It is clear that the simplest way to assist in designing applied system is using of pre definite default knowledge bases "Plan", "System" and "Tools".

3	Implementation of Intellectual Space on WEB

3.1	Preliminary Remarks

There are some problems in the design and implementation of intellectual spaces on WEB. First of all, if we would like to create such a space within the Internet we should use an appropriate technology and tools for the networking. On the other hand, if we would like to receive really intellectual space we need in explicit representation of its model. So, we need in a technique and tools for knowledge acquisition, representation and processing. And finally, if we would like to develop significant software system supporting our intellectual space we need in appropriate software engineering technology.

3.2	Results in Related Domains

In general, methods and tools of WWW-oriented informational spaces design and implementation are concentrated nowadays around the data base and information retrieval paradigms in open systems environment. At the technological and implementation levels such approach is connected with the implantation of knowledge about the space under design directly into the programs supporting manipulation of such a knowledge. 

There are several methods and tools were developed to support this activity in WWW-context. Hypertext and hypermedia representations of the information at the methodological level and HTML and VRML languages at the software level are known and widely used nowadays in WEB community. Procedural level of such a systems development and implementation support is mainly connected with SQL-, CGI- and Java-programming as well. The using of them brings impressive first practical results [8, 9], but at the moment it is already clear that (beside above mentioned problems) such a systems are not flexible, have large complexity in use and labor consumption in the development and maintenance. 

Knowledge-based systems’ (KBS) paradigm was developed in context of artificial intelligence technology to solve problems in complex application domains by using a large body of explicitly represented domain knowledge to search for solutions. This approach enables to use them for problem solving in ill structured domains.

At the theoretical level main results in KBS domain are connected with the development a spectrum of knowledge representation methods (frames, productions, networks approaches) and knowledge acquisition methodologies (KADS, for example). KBS implementation is based on technique of AI-programming and usually connected with the using of special knowledge representation languages and instrumental tools. It is difficult to create the practically useful knowledge base, but the task of its validation, verification and effective support is much more complex. So, such a systems are implemented, as a rule, at the alone computer, use the single knowledge base and general inference engine.

Recently it has been realized that in order to solve certain kinds of complex problem it is necessary to create a system in which a number of KBS cooperate and combine their problem solving capabilities. Sometimes this occurs because the problem solving activity covers a large geographic region (for example, in telecommunications networks), sometimes because different KBS have different "specialties" to bring to the problem solving process.

The Multi-Agent System (MAS) architecture [10, 11] has proven a popular and effective method for the building a cooperating team of KBS: each KBS in the team is constructed as a software agent, conferring abilities of autonomy, self knowledge, and acquaintance knowledge on the KBS-abilities useful for cooperative problem solving.

However, such a systems are considerably more complex than individual KBS. So we need in a special methods and tools (in other words, in a special technology) oriented on their design and implementation. The developers always required in such a technology of systems’ design, that would permit to build the decisions directly according to available representation of a problem. Moreover, correspondence of objects and operations is desirable at the level of accepted decisions.

From three main modern approaches (top-down structural design; structured by data design and object-oriented design) only the latter satisfies to indicated requirements. A treatment of objects as of active elements is taken into account here, and each object is connected with its own set of available operations. The classes of objects are united in hierarchy, where encapsulation of data and operations, inheritance of different types, polymorphism and other properties useful for system’s development are supported [13]. Therefore the now object-oriented design is widely used as methodology and technique of "traditional" applied systems’ development.

AI-specialists, as appear, before other have begun to use object-oriented paradigm actively. It can be mentioned about demon’s idea, embodied in languages of PLANNER type, reflection of object-oriented approach in languages of SmallTalk family and frame’s concept, realized in such languages of knowledge representation of the first generation, as KRL, FRL. At the same time, production-frame approach to knowledge representation and manipulation, actively used in KBS last 5-10 years, was developed (in certain sense) irrespective from object-oriented design. And only recently the specialists in artificial intelligence begun to understand, that methods and tools of domain description, developed in AI, are object-oriented in depth and in surface as well.

Really, frame-prototypes and generic classes are closely connected: both structures "profess" an idea of data and procedures' encapsulation, visibility regulation and inheritance as well as the dynamic generation of objects and appropriate links. At the same time, on our sight, frame paradigm is closer to declarative, and object-oriented - to procedural description of domain. Therefore production-frame approach (where declarative and procedural components are balanced) is dominant now in the development of knowledge representation methods.

In according to above depicted results receiving in background domains it is possible to present the following diagram of interconnections of approaches, paradigms and technologies useful for WEB-oriented intellectual space implementation (fig. 3):
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3.3	WEB-oriented Intellectual Space

It seems that from the WWW-technology we can actively use networking in open environment and browsing, from KBS-paradigm - explicit knowledge representation and semiotic approach to knowledge processing, and from MAS - ideas of agents working in asynchronous manner and multilevel architecture [14, 15, 16, 17].

According to these remarks let’s discuss the system supporting of WEB-oriented intellectual space and its common architecture depicted in fig. 4.
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Fig. 4. Common architecture of the system

It is clear that the core of such a system should be semiotic model of WEB-oriented intellectual space. In fact, such a model is presented meta-knowledge base that can be used for the control of all activities in the space. In addition to this KB we need in a set of technological knowledge bases for the support special activities in intellectual space (such as its creation and maintenance, for example). And finally a set of domain knowledge and data bases should be used for the support users’ activities (for example, intelligent information retrieval).

Semiotic model should be common for the community “living” in such a space. Technological knowledge bases can be common or not, it doesn’t matter. But if they are separated we should be sure that the intellectual space created with the using of such a knowledge will be non contradictory. Domain knowledge and data bases will be usually distributed by different WEB-sites.

There are some groups of agents in the system.

First of them supports the communication with the users of intellectual space (Interface Agents). Each agent in this group has the possibilities to process the users’ requests and transform them to the tasks for the appropriate agent from the second group (Knowbot Agents) and to understand the results and present them to the user as well.

The activity of agents from the Knowbot Group is connected with the search needed information across the WEB and returning the results to the appropriate Interface Agent.

The last group of agents can be named Management. There are three agents in this group at the moment: V-agent, R-agent and C-agent. First of them validates the consistency between meta and technological knowledge and (if needed) activates the Remonter. The last recreates the consistency between meta and technological knowledge (if it can to fulfill this job) and reactivate V-agent. Otherwise R-agent activates the C-agent that should update meta and/or technological knowledge (may be in dialogue with the users). After the finishing of updating process V-agent should be reactivate too. Thus, agents from Management group can activate each other.

All agents from all groups are working in asynchronous manner and communicate through the messages. In addition they can receive information from shared knowledge bases and from the blackboard. And finally, several types of special knowledge are connected with each agent. Main cup of them - the description of other agents in the MAS, available for communication with current agent; the next - goal oriented agent’s knowledge (for example, discourse and linguistic knowledge in interface agents).

4	Conclusion Remarks

Semiotic engineering approach to the development of intellectual space on WEB was presented.

It was outlined that the building a set of new WWW-servers and special Home Pages with mutual links and indexing information presented there without understanding their sense is blind alley that not leads even to real informational space. 

In according to our goal that is in the creation of intellectual space in WWW environment we needed in a new approach to IS problem solving. It was shown that semiotic engineering can be used as a basis of interactive design of intellectual space on WEB.

The using of SEMEN in IS creation and maintenance is connected with the solving of the following problems:

preprocessing of the domain natural description (NL-texts, diagrams, pictures, movie, etc.) as an input and receiving as an output the semiotic representation of the model under design;

transformation of received semiotic model into internal knowledge base representation ;

knowledge based compilation of internal IS representation into it’s hyper media description and appropriate software supporting the remote access to the intellectual resources on WEB via Internet.

Common architecture of the system for WEB-oriented intellectual space was suggested and discussed.

As a first step to the development of intellectual space on WEB we propose to create WWW-server that will support Applied Semiotic community in Internet.
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Fig.3. Interconnections of approaches, paradigms and technologies useful for WEB-oriented intellectual space implementation
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