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Semiotic approach to the development of knowledge instead of data  spaces on WEB is presented. Special formalism is used for semiotic model representation to the description of ontologies and their processing. 


1. Introduction


It is already truism that Internet, and WWW in particular, brings information resources collected by specialists and communities all over the world to their users. In fact, we can observe the formation of global information space nowadays. But general failure of WWW-based data space is in its explosive growing and trivial methods in attempts to it’s bridle. It seems that the single break from above outlined situation is in the knowledge processing instead data processing. In such a case we’ll shift from data to knowledge spaces. 


The main goal of the paper is the discussion of a new approach to the creation of knowledge spaces on Web. Presentation below organized as follow. Next section presents the background in the domain. As a result it is shown that applied semiotics can be used as a basis for Web-oriented knowledge space design and development. Then special formalism of semiotic modeling used to the appropriate knowledge description and processing is discussed. Knowledge spaces development and implementation perspectives presented in the conclusive section of the paper within the framework of project MAG (Multi AGents) that is in progress in Russia nowadays.


2. How an Applied Semiotics to Work in Knowledge Spaces�Development


2.1. Preliminary Remarks


There are many projects (research and commercial) connected with the design and implementation of Web-oriented knowledge spaces in progress nowadays [Guelfoyle, 1994; Carol et al., 1995; Luke et al., 1996; Fridman  et al., 1997; Woods et al., 1997; Craven et al, 1998; Майкевич, 1998]. In according to overviews in above depicted references it is possible to outline the following approaches, paradigms and technologies useful for WEB-oriented knowledge spaces development:


WWW-technology;


KBS-paradigm;


MAS-approach;


Object-Oriented Design & Implementation.


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 [Booch, 1992; Adeli, 1994; Guelfoyle, 1994; Lewis, 1995]. The core of this presentation is in the applied semiotic approach to the knowledge spaces design and development. So, we’ll concentrate below at the KBS-paradigm.


2.2. Applied Semiotics and Semiotic Engineering - Where They are From?


In fact, the term “Applied Semiotics” itself came into current being in the USA, during the workshop “Architectures for semiotic modeling and situation analysis in large complex systems”, but it was “born” in 70-th by D. Pospelov in Russia [Pospelov, 1986]. The main goals of modern applied semiotics and semiotic engineering, as its technological part, are connected with the development and implementation of the efficient methods for NL-based knowledge representation and processing at the basis of special semiotic models, that could be interpreted in computer for applied problems solving.


It is well known that general definition of formal model can be presented as the composition of the following parts:


M = < T, R, A, P >, where


�T - the set of basic elements, R - syntactic rules, A - axiom set, R - semantic rules;


T, R, A, P are constant


Instead of (1) semiotic model is defined as follows:


C = <M, cT, cR, cA, cP >, where 


�M - formal model and 


cT, cR, cA, cP - rules of transformation for correspondent parts of formal model.


The theory of semiotic modeling [Ehrlich et al., 1995] is out of hot spot in this presentation. So, let’s concentrate at the semiotic engineering in the context of knowledge spaces development. In this context from the technological point of view it is suitable to redefine the model (2) as the following basic p-model [Khoroshevsky,1995]:


C’ = < L, В, O >, where 


L = {Ti | i=[1.k] } - finite non-empty set of basic elements’ 									types; 


�В = {Rj | j=[1.m] } - 	finite non-empty set of relations de-										fined on types and basic elements; 


O = {Ol | l=[1.n] } -	finite non-empty set of operations de-									fined on types and basic elements.


Let’s consider that L = {numb, string, frame}, where frame is the generic type for new types creating with special subtype prototype. The structure of basic elements is the following:


[ x  is_a Ti O frame; s1 T1i y1 O1slot; ... sk Tki yk Okslot ] , where 


x , sm , ym  - domain variables and constants; 


Ti , Tmi - variables types; 


O frame , Omslot  - special operations,{O frame , Omslot } З O  = Ж.


The partial order is_a (“:”) is the main pre-definite relation in the model C’. All others have procedural defined semantics and implemented as demons. Operations from O provide the important function of semiotic model - modification of basic elements. So, at the top level this is frame-based knowledge representation formalism. It’s really but with the following important distinguishes: the frames and slots composition is defined by the problem under solving; some slots are interpreted as the relations with dynamically defined and modified semantics; frame-oriented knowledge bases are interpreted as domain specific ontologies connected with the processes under design.


In according to the development and implementation of knowledge spaces we need in 


domain knowledge connected with the space under design;


meta knowledge presented the description of Web “corner” useful to this space;


intelligent communication engine;


knowledge based inference engine.


Domain and meta knowledge representation is defined in our case by the ontology of specific domain under design and ontology of  Web part. Our approach to ontologies engineering closely correlates with TOVE and (KA)2 approaches [TOVE, 1995; Benjamins, et al., 1998]. But at the stage of domain conceptualization we use a special methods and tools [Gavrilova et al., 1993]. The development of intelligent communication engine connected with the specification of special set of Interface Agents. Among other tasks they are fulfill the conversion of HTML-based documents into the frame-oriented knowledge bases and their interpretation at the base of domain specific ontologies [Khoroshevsky et al., 1998]. Inference engine based on production-frame formalism uses at the stages of knowledge acquisition and processing of the queries.


2.3.	Semiotic Models in MAG Project


According to our goals let’s expand basic p-model (3) by the following way:


�CMAG = < L, { S MAG, В }, { Oslot, Oframe, O } >, where 


Oslot = { restr_by, by_default, inher_from }.


Oframe = { if_added, if_deleted, if_changed }





Basic relation “is_a” gives us the way for the description of the taxonomy in ontology. But we need in special semiotic relations (SMAG) for the explicit representation of different interrelations between the notions in ontologies under design. So, such relations are domain depended and will introduce at the road of knowledge space description.


There are some operations at the model C MAG. The first one is the restr_by. It is defined at the slots’ values and functioned as demon. The operation by_default is defined at the slots’ types and started when slot value needed but absent in current slot. The last, inher_from, gives us the tool for the combining of different ontologies. Operations if_added, if_deleted and if_changed use the demon’s conception too. But all of them are defined at the types and are specialized.


As it was mentioned above we need in (at least) two semiotic models for explicit description of knowledge spaces: meta-model of space itself and a set of domain models. We suppose that all of them can be presented at the basis of C MAG  and discuss some of these representations below.


2.3.1	Semiotic Model of Knowledge Space


The expansion of the C MAG for semiotic model of knowledge space is connected with the incorporation in it new domain specific relations. Some of them depicted on fig.1 and discussed below.
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Fig. 1. Representation of the part of knowledge space


There are some sorts of relations depicted in above presented net�work. For example, relation “is_a” is usual in knowledge representation theory and, as a rule, incorporated into all knowledge representation languages. On the other hand, LocatedIn, ReflectedIn, Supports, MemberOf relations reflect the semantics of the de�scribed domain and their interpretation should fix and support at the software level before using of this model. So, they can be named relations with predefine interpretation.


But in the network presented at Fig. 1 there are exist several relations that are inferenced from basic ones. For example, relation ReflectedIn can defined by the following rule:


� EMBED Equation.2  ���


Such a relation can quantify according the rule:


� EMBED Equation.2  ���


But a new relations can be inferred in semantic network too. For the illustration of the method of new relations incorporating into the knowledge space description first at all let’s describe the frame-based representation a cup of items from semantic network depicted in Fig.1:


[WWW-Presentation	is_a	prototype;


	Source			frame,	restr_by one_of {http, ftp, …};


	StoredAt		frame,	restr_by WWW-Server	];


[WWW-Server	is_a	prototype;


	WebMaster	frame,	restr_by Person;


	ServerName	string;


LocatedIn		frame,	restr_by Organization	];


....................................................................................................................


[Organization	is_a	prototype;


	FullName	string;


	Post			string;


	Phone			{string};


Email			{string};


Fax			{string};


	Cheaf			frame,		restr_by Person;


	LocatedIn		frame,		restr_by City;


	Supports		{frame},	restr_by Project;


	WorksIn		{frame},	restr_by Domain;


	ReflectedIn	{frame},	restr_by WWW-Presentation	];


[Domain	is_a	prototype;


	FullName		string;


	Description	frame,		restr_by semantics;


	ReflectedIn	{frame},	restr_by WWW-Presentation	];


In according to previous frame prototypes we can involve into consideration, for example, the relation SpecializedIn with the following inference rule:


� EMBED Equation.2  ���


The last can reflected into the production rule:


Rule New-Relation-SpecializedIn


::	?[WWW-Server :	is_a {== prototype};


				LocatedIn] && 


	?[Organization :	is_a {== prototype };


				WorksIn]


==> [WWW-Server : \SpecializedIn {frame}, restr_by Domain ];


	message (“New slot SpecializedIn was added in frame WWW-Server”);


with the following natural language interpretation:


If in current ontology 


	exists the notion WWW-Server with relation LocatedIn AND


	exists the notion Organization with relation WorksIn


Then


	to the notion WWW-Server should be added 


				relation SpecializedIn with type Domain


The same method we can use for the involving into the knowledge space description another needed relations and notions.


2.3.2	Semiotic Model of Domain


It is known that initial body of domain knowledge exists on Web in HTML-based documents. Deep discussion of the HTML-files conversion into frame-oriented knowledge base presented in [Khoroshevsky et al., 1998]. Specification of the notion “HomePage” presented there shows that its basic element is the semantics. For the description of this notion we use network representations of domain specific ontologies where each semantically significant element has the links to the appropriate Web-sites. To illustrate how concrete ontology has to build let’s introduce into consideration the following cup of AI taxonomy:


Artificial Intelligence


	Theory


	Models & Methods


			Knowledge Representation


				Logics, Semantic Networks, Productions, Frames, Scripts, …


		Knowledge Engineering


				Knowledge Acquisition


				Knowledge Extracting


				Knowledge Inference


					Deductive Inference, Fuzzy Inference, Case Based Inference, …


		Communication


				Natural Language Understanding


				Natural Language Generation


				Natural Language Communication


……………………………………………………………………


	Tools


	Software


			Basic Tools for Intelligent Systems Programming


				Supporting Tools


					Libraries, Technological Systems, …


				AI Programming Languages


					Lisp, Prolog, Refal, Smalltalk, …


			Knowledge Representation Languages & Systems


				ATNL, OPS-5, KRL, FRL, …


				ART, KEE, …


			Instrumental Tools for Intelligent Systems Design & Development


				Technological Systems for Knowledge Bases Design


				Instrumental Expert Systems


				Knowledge Based Software Engineering


……………………………………………………………………………


	Applications


	Applied Intelligent Systems


			Natural Language Processors


			Expert Systems


		Intelligent Systems on Web


				Information Retrieval Systems


					Alta Vista, …, Autonomy, …


……………………………………………………………………………


Appropriate part of AI ontology presented as a semantic network depicted on fig. 2. 


Besides casual relations for ontologies, such as consist_of, part_of, etc., in the description of AI ontology some semantically significant relations for this domain presented too. Typical example of such a relation is Relevant_to.


The notions “knowledge_engineering” and “software” are components of AI ontology. But the notion “knowledge-based_software_engineering” is not present in this ontology. So, we can receive some problems with the queries related to information retrieval about the systems developed in the frame of knowledge-based software engineering approach, for example. To eliminate such problems we can inference new notion “knowledge-based_software_engineering” and add it into ontology with their relations according the method discussed above.


� EMBED Word.Picture.6  ���





Fig. 2. Representation of the cup of AI ontology


The restrictions at the volume of the paper do not give us the possibilities to discuss the questions of ontologies engineering in deep. So, it should only outline that such ontology’ description is based on the production-frame formalism, consists of notions’ taxonomy and the set of demons that are responsible for the inference new relations and notions.


4.	Conclusion Remarks


Semiotic engineering approach to the development of knowledge space on Web was presented. Full scale using of presented approach in knowledge spaces creation and maintenance 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 knowledge spaces internal representation into its hyper media description and appropriate software supporting the remote access to the intelligent resources on via Internet.


Acknowledgments


Presented research partially supported by Russian Foundation for Basic Researches and Ministry of Science and Technology of Russia (grants RFBR N 98-01-00439) and PIT N 05.04.1222).


References


[Adeli, 1994] 	 Adeli H., Knowledge Engineering.- New-York: McGraw-Hill Publishing Company, (1994).


[Benjamins, et al., 1998]	Benjamins V. R., Fensel D., Community is Knowledge! in (KA)2, Submitted to KAW'98, Canada.


[Booch, 1992]	 Booch G., Object oriented design with applications. -М.: Concorde, (1992).


[Carol et al., 1995] 	Carol E.Brown, Les Gasser, Daniel E. O'Leary, and Alan Sangster, AI on the WWW: Supply and Demand Agents, IEEE Expert 10(4): 50-54 (1995)


[Craven et al., 1998] 	Craven M., DiPasquo D., et al., Learning to Extract Symbolic Knowledge from the World Wide Web, Submitted to AAAI-98. January 1998. http://www.cs.cmu.edu/afs/project/theo11/www/wwkb/


[Ehrlich et al., 1995]	Ehrlich A.I., Khoroshevsky V.F., Pospelov D.A., Osipov G.S., Semiotic Modeling and Situation Control, In: Proc. of the 1995 ISIC Workshop, 10 IEEE Int. Symp. on Intelligent Control, 121-123 (1995).


[Fridman  et al, 1997] Fridman N., Hafner, 1997, Ontology Design: A Survey and Comparative Review, AI Magazine, 18 (3):Fall 1997, 53-74


[Gavrilova et al., 1993] 	Gavrilova T., Voinov A., Knowledge Acquisition Through Elicitation of Latent Cognitive Structures: Metaphor-Based Approach, In Proc.: “East-West Conference on Artificial Intelligence”, Moscow, Russia, 1993.


[Guelfoyle, 1994] 	Guelfoyle W., Intelligent Agents: the New Revolution in Software, Ovum. IBM Agents, http://activist.gpl.ibm.com:81/WhitePaper/ptc2.htm (1994).


[Khoroshevsky, 1994]  Khoroshevsky V.F., Knowledge Based Design of Knowledge Based Systems in PiES WorkBench, In: Proc. Of JCKBSE'94, Japan-CIS Symposium on Knowledge Based Software Engineering'94, 256-261 (1994).


[Khoroshevsky, 1995]  Khoroshevsky V.F., Situation Control Software: From Symbol Manipulation Languages Through Knowledge Representation Systems to Semiotic Technologies, Proc. Of the 1995 ISIC Workshop, 10 IEEE Int. Symp. On Intelligent Control, 127-129 (1995).


[Khoroshevsky, 1996]  Khoroshevsky V.F., Information Space of Russian Association for Artificial Intelligence in Internet, In: Proc.: V-th National Conference on AI with International Participation, CAI-96, Vol. I, 10-17 (1996).


[Khoroshevsky, 1997]	Khoroshevsky V. F. , Applied Semiotics: an Approach to Overcome the WWW Problems, In: Proc. of the Second Workshop on Applied Semiotics, Smolenice Castle, Slovakia, September 15, 1997, 41-52.


[Khoroshevsky et al., 1998]	Khoroshevsky V. F., Maikevich N. V. Knowledge Driven Processing of HTML-Based Information for Intellectual Spaces on Web, Proc. JCKBSE'98, Smolenice, Slovakia, (1998).


[Lewis, 1995] 	 Lewis L., AI and intelligent networks in the 1990s and into the 21st century, In: Liebowitz, J. & Prereau, D. “Worldwide intelligent systems”, IOS Press, (1995).


[Luke et al., 1996] 	Luke S., Spector L., Rager D., Hendler J. Ontolodgy-based Knowledge Discovery on the World-Wide-Web, In the Proceedings of the Workshop on Internet-based Information Systems, AAAI-96, Portland, Oregon


[Pospelov, 1986] 	Pospelov D.A., Situational Control: Theory and Practice, Published in Russian by Nauka, Moscow, 1986.


[TOVE, 1995] 	TOVE Manual: Department of Industrial Engineering, University of Toronto, http://www.ie.utoronto.ca/EIL/tove/Onto!OC.html


[Woods et. al., 1997] 	 Woods W. A. et. al., Conceptual Indexing for Precision Content Retrieval, http://www.sunlabs.com/research/knowledge/


[Майкевич, 1998] 	 Майкевич Н. В., От информационного пространства к пространству знаний, КИИ'98, Пущино, Россия, 1998.


�	117967, 40 Vavilov str., Moscow, RUSSIA,�Expert Systems Department, Artificial Intelligence Problems Division,�Computer Center of Russian Academy of Sciences, �E-mail: khor@ccas.ru





(1)





(2)





(3)





(4)











