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Abstract


Semiotic approach to the intelligent processing of HTML-based information on WEB is presented. Production-frame knowledge representation formalism is used as the basis for the syntactical and semantical specification of special converter for the transformation of input HTML-texts to output knowledge bases. It is shown that applied semiotics can be used for WEB-oriented intellectual space design and implementation.








1. Introduction


Internet based information retrieval is extreme hard duty nowadays, because information usually appears on Web “ad hoc” organized. Besides servers with at least more or less structural represented information supported by companies, firms, universities and others official organisations, there are a huge amount of information combined all themes in the frames of home pages “living” on the Web. Just so, don’t go out from the single site, You can read about Saturn satellites observation results and pizza’s recipes. The main limitation connected with information retrieval on Web is the following: explicit knowledge representation is missed for intelligent resources description. So, a view at WWW as an organised and structured space of knowledge should be serve catalyst of new ideas and technologies for the using net’s information at the new level.





It is not a secret that current search engines provide information retrieval without taking into account context and that’s why found information is often useless. Attempts to introduce the “intelligence” on Web are constantly undertaken. Main stream of approaches is connected with the using of explicit internal knowledge representations (such as ontology or large knowledge base) for the description and indexing of the information on Web. In such a case we can say about intellectual instead of informational spaces creation within Internet.





It is well known that the majority of data arrays on Internet exist in HTML format. So, one of the main problem connected with Web’s intellectualisation is the intelligent processing of HTML-based documents. The subject of this paper is the presentation of semiotic approach to the creating of WWW-oriented intellectual spaces. An implementation of HTML-documents knowledge driven processing is discussed in the body of the paper.





Presentation below is organised by the following way. Next section presents related researches and developments connected with the information retrieval on Web and semantical descriptions of HTML-based information. As a result it is depicted that applied semiotics can be used for the design and implementation of intellectual spaces on Web. Special production-frame knowledge representation formalism and it’s using for the explicit description of HTML itself, processing of HTML-based documents and specification of intellectual spaces are discussed in section 3. Examples of Home Pages semantical interpretation are presented in conclusive section of the paper.





2. Related Researches and Developments


There are existing different approaches to the information retrieval on Internet. Well known search engines such as “Yahoo!”, “Lycos”, “Infoseek”, “AltaVista” and others used "web robots", “index”, "spiders" etc. to index Web documents. Their disposal services collections are limited by simple or advanced (by Boolean operations) non context-based search methods and making up of meta-lists by category (for example, business, computers, entertainment etc.). The results of such a retrieval can consist hundreds of thousands links [SEARCH, 1998] and moreover, “no two search engines produce the same list of items from an enquiry, and much of what is produced is not relevant” [Carol et al., 1995]. 





A new generation of search systems appeared recently is based on an intelligent agents paradigm [Etzioni et al., 1995; Grosz et al., 1994; Guifoyle et al., 1994; Junsa, 1995]. Intelligent agents for information filtering and retrieval are popular and emerging technology up today [Gilbert D., 1997; Kumar, 1995; Maes, 1994]. There are a number of commercial systems (for example, LiveAgent [AgentSoft, 1998], Firefly [FireflyNetwork, 1998], WebCompass [Quarterdeck, 1998], InfoMagnet [CompassWare, 1998], Autonomy [AgentWare, 1998] etc.) in this domain. Such systems bring not bad results but have a number of restrictions too. For instance, there are no systems among commercial products that can select needed information without user. So, they can only reduce the dimension of links set.





There are some research projects and applications in this domain too. For example, Distributed Artificial Intelligence Laboratory at the University of Massachusetts has a Co-operative Information Gathering Project [Decker et al., 1995], Carnot Research Group is working on the InfoSleuth project [Woelk et al., 1995]. The development of the methods and tools for extracting symbolic knowledge from hypertext using a variety of machine learning methods is in progress in CMU [Craven et al.., 1998]. Knowledge Technology Group from Sun Microsystems Laboratories working on the technology called "Precision Content Retrieval" in context of the building the structured conceptual taxonomies of phrases extracted from the indexed material [Woods et al., 1997]. Usually in such projects agents are used terminology servers, ontology servers, databases or knowledge bases to knowledge acquisition.





But intelligent agents paradigm is not the single methodology in intellectualisation of Internet nowadays. There are many different approaches to structurisation of the information on Web. For example, in [Dobson et al., 1995] authors suggest to embed the set of HTML tags. It bring for the designers of HTML-based documents the possibilities of creating the semantical indexes in so called lightweight databases where relationships between entities on current (different) page(s) are specified by hypertext links with attributes defining the relationships. Sandewall [Sandwall, 1996] suggests WorldWide Data Base consist of little downloadable files with the description of the object. Objects are represented in a specialized language, and can include the references to other database files (i.e., objects) or HTML pages. The main application discussed in Sandewall’s project is HTML-based page generation, where objects store resources for the generation of pages. In particular, values of properties may be scripts (in LISP) that specify how to generate HTML expressions. Of course, in this context it is necessary to outline the CYC® project. It is a very large, multi-contextual knowledge base and inference engine developed by Cycorp [CYC, 1998]. The goal of the CYC® project is “to break the "software brittleness bottleneck" once and for all by constructing a foundation of basic "common sense" knowledge - a semantic substratum of terms, rules, and relations - that will enable a variety of knowledge-intensive products and services” [Lenat, 1995].





All approaches referred as above have different features with their advantages and disadvantages. For instance, large ontology servers main disadvantage is connected with the fact that such ontologies composed from abstract point of view at the domain subjects and theirs relationships. In fact, for each user exist own context dictated by the situation and the user’s world model. So, often user doesn’t need in whole huge ontology containing description of all “world” [Jameson, 1997; Woods et al., 1997].





In according to above depicted results it can be mentioned the following:


effective information processing on Web is connected nowadays with the intellectualization of search methods and search engines;


main approaches and technologies in this domain are connected with the using of explicit knowledge representation for the semantical description of the information on Web;


HTML-based documents’ semantical interpretation is one of the hot spot in research and development projects up today.





There are two main groups of approaches to solving the problem of HTML-based documents’ semantical interpretation can be outlined. The first one is based on the manual marking of HTML-texts by the special meta tags. The semantic network corresponding to HTML-text under processing should be produces by HTML-programmer and becomes the parameter of such tags. The last group of approaches is connected with automatic processing of HTML-texts and their transformation to the special semantical representation (ontologies, as a rule) [Luke et al., 1996]. Internal representation of HTML-texts meaning is the basis for intelligent search of relevant information on Web in both cases.





We stand for the second approach in presented paper because up to now there are no standards at meta tags and because a huge amount of HTML-based documents without needed meta tags are already circulate on Web. And it is naively to believe that all of them will be transformed to new formats by their authors manually.





So, we need in special methods and tools for automatic (or, may be, semi automatic) processing of HTML-based documents oriented to the creating and maintenance of intellectual spaces on Web. It seems that Semiotic Engineering [Ehrlich et al., 1995] is the right way to this problem solving. Really, it based at the powerful formalism that allows gathering and processing 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 descriptions bootstrapping. It has the significant support in theory of semiotic modelling and in tools for their implementation developed in Russia [Pospelov, 1996; Osipov, 1997; Khoroshevsky, 1995].





3. Knowledge Driven Processing of HTML-Based Information


3.1. Applied Semiotics and Semiotic Engineering - Basic Definitions


In fact, the term “Applied Semiotics” itself came into current being in the USA, during the workshop “Architectures for semiotic modelling and situation analysis in large complex systems”, but it was “born” in 80-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 of the efficient natural language based knowledge processing and knowledge representation in form of special semiotic models, which could be interpreted in computer for applied problems solving.





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


M = < T, P, A, П >, where


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


T, P, A, П are constant





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


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


�M - formal model and 


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





The theory of semiotic modelling is out of hot spot in this presentation. So, let’s concentrate at the semiotic engineering in context of intellectual spaces development. In this context from the technological point of view it is suitable to redefine the model (2) as follows:


�EMBED Equation.2��� where 


�EMBED Equation.2���		-	finite non-empty set of basic elements’ types; 


��EMBED Equation.2���	-	finite non-empty set of relations defined on�						types and basic elements; 


�EMBED Equation.2���		-	finite non-empty set of operations defined on�						types and basic elements.





Let’s consider that L = {numb, string, frame}, where frame is the generic type for new types creating. And 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 connected with frames and slots.


The partial order is_a (“:”) is the only pre-definite relation in the model C’. 


Operations from O provide the important function of semiotic model - modification of basic elements:


O	=	{CreateFrame, DeleteFrame, AddSlot, DeleteSlot, SetOf,�		AddValue, ChangeValue, DeleteValue, GetValue }.


Such models called p-models. Their theory is presented in [Khoroshevsky, 1994; Khoroshevsky, 1995] and its using for the description and processing of HTML-texts  is discussed below.





3.2. Knowledge Based Description of HTML


It is known that Hypertext Markup Language (HTML) is a simple markup language used to create hypertext platform independent documents [HTML, 1998]. HTML has been in use by the World Wide Web global information initiative since 1990 and modern versions of this language are de ure and de facto standards for the representation of wide range of documents on Web.





From the theoretical point of view HTML is the simple programming language with context free grammar. There are no problems in syntactic analysis of HTML-text. It is possible to show that the texts written at this language can browsed by top-down analysers.





To reduce the volume of needed explanations let’s observe the subset of HTML with the following BNF definitions:


HTML-text ::= <HTML> HEAD BODY </HTML>


HEAD ::= TITLE {{ HEAD}} || ...


TITLE ::= <TITLE> string </TITLE>


BODY ::= <BODY> HTML-BODY </BODY>


HTML-BODY ::= PARAGRAPH {{ HTML-BODY }} || HEADER {{ HTML-BODY }} ||


			LIST {{ HTML-BODY }} || ...


HEADER ::= <H1> TEXT </H1> || <H2> TEXT </H2> || ... || <H6> TEXT </H6>


PARAGRAPH ::= <P> TEXT </P>


LIST ::= <UL> LIST-ATOM {{ LIST-ATOM }} </UL> || 


		<OL> LIST-ATOM {{ LIST-ATOM }} </OL> ||


		<MENU> LIST-ATOM {{ LIST-ATOM }} </MENU> || ...


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


ANCHOR ::= <A HREF= LINK > TEXT </A> || <A NAME= label > TEXT </A>


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


Some of syntactic diagrams corresponding to the above presented formal description of HTML subset are depicted at Fig. 1 and Fig.2.


�


Fig. 1. HTML high level syntactic diagram





�


Fig. 2. Syntactic diagram for LINK notion of HTML





There are different approaches appropriate to the design and implementation of HTML-texts recogniser. In present paper we’ll use the production-frame knowledge representation formalism to the specification and implementation all components of HTML-based documents processing system. So, let’s discuss the method of HTML specification based on this formalism.





It consists in regular reflection of each syntactic rule from formal description of HTML into appropriate object of knowledge base at the level of frame-prototype. The system of such prototypes sets the description of language in frame representation formalism and the system of frame-examples - the set of the syntactically correct HTML-texts. The main rules of such a reflection are following:


The concept from BNF left part is reflected into frame name;


The alternatives from BNF right part are reflected into frame’s slots names from the left part of the same BNF;


The type of slots fixing non-terminal concepts is frame;


The type of slots fixing terminal concepts depends on the type of information, reflected by appropriate concept (as a rule, it is restricted by numb and string types);


Recursions in BNF are replaced by iterations, and appropriate slots become multiple.





In according to formulated above principals, HTML BNF description is reflected into the following set of frame-prototypes:


[html	is_a	prototype,	if_added HTML ();


	HEAD	frame, restr_by head;


	BODY	frame, restr_by body			];


[head	is_a	prototype,	if_added HEAD ();


	BODY	{frame}, restr_by one_of {title, …}	];


[title	is_a	prototype,	if_added TITLE ();


	BODY	string					];


………………………………………………………………….


[body	is_a	prototype,	if_added BODY ();


	SENT	{frame}, restr_by one_of {header, paragraph, list, …}	];


[header	is_a	prototype;


	BODY	frame, restr_by text	];


[h1	is_a	header,	if_added H1 ()	]; … [h6	is_a	header,	if_added H6 ()	];


[paragraph	is_a	prototype,	if_added PARAGRAPH ();


	BODY	frame, restr_by text	];


[list	is_a	prototype;


	ATOM	{frame},	if_added LI ()	];


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


[text	is_a	prototype;


	ATOM	{frame},	restr_by one_of {br, hr, image, anchor, …, line}	];


[br	is_a	prototype;	if_added BR ()	];


[hr	is_a	prototype;	if_added HR ()	];


[image	is_a	prototype;	if_added IMG ();


SRC	frame,	restr_by link	];


[anchor	is_a	prototype;


	BODY	frame, restr_by text	];


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


[link	is_a	prototype;


URL	frame,	restr_by one_of {http, ftp, …}	];


	MAIL	frame,	restr_by mail	];


[url	is_a	link;


	without_slot	MAIL	];


[http	is_a	url,	if_added HTTP ();


SERVER	string;


DIR		{string};


FILE		string	];


[ftp	is_a	url,	if_added FTP ();


SERVER	string;


DIR		{string};


FILE		string	];


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





In according to above depicted frame-based HTML description and syntactical diagrams defined the procedures of HTML-texts recognition its analyser can be implemented at the basis of demons. Initial running of such analyser can be called by the following way:


		exm = CreateExample (“html”, get_new_name ());


When frame-example for html prototype is created demon HTML () is running. Its description may be the following:


void	HTML ()


{char	*keyword;


	keyword = get_item (input);


	if (keyword; == “<HTML>”){


		SetFrame (exm);


		SetSlot (“HEAD”);


		SetValue (CreateExample (“head”, get_new_name () ) );


		SetSlot (“BODY”);


		SetValue (CreateExample (“body”, get_new_name () ) );


	};


	keyword = get_item (input);


	if (keyword; == “</HTML>”) return;


};


The result of the execution such a demon is the reference to the frame-example name. The last is presented the description of HTML-text under analyse.





Others demons associated with frame-prototypes in syntactic description of HTML can be implemented by the same way.





It is clear that that above presented approach give us syntax-oriented converter HTML-texts into the set of frames. But to the creation of intellectual space we need in semantical interpretation of such internal representation and its transformation into appropriate knowledge base.








3.3. Semiotic Model of Intellectual Space


To solve the problem of semantical interpretation of HTML-texts let’s discuss the fragment of semantic network (Fig. 3) presented the part of intellectual space.


�EMBED Word.Picture.6���


Fig. 3. Fragment of intellectual space semantic network





There are some sorts of relations depicted in above presented network. 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, such a relations as LocatedIn, ReflectedIn, Supports, MemberOf are reflect the semantics of the domain and their interpretation should be fixed and supported at the software level before using of this model. So, they can be named relations with predefine interpretation.





New relations can be inferred in semantic network too. For the illustration of the method of new relations incorporating into the intellectual space first at all let’s describe the frame-based representation a cup of items from semantic network depicted in Fig.3:





[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���


It can be 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 knowledge base 


	frame-prototype WWW-Server with slot LocatedIn exists AND


	frame-prototype Organization with slot WorksIn exists


Then


	to frame-prototype WWW-Server should be added 


				slot SpecializedIn 


					with type {frame}, restricted by value Domain


The same method can be used for the involving into the intellectual space description another needed relations and notions.





4. Home Pages Semantical Interpretation


For the deep discussion of the representation in intellectual space some notions let’s concentrate at the semantical interpretation of Home Pages - one of the main type of HTML-based documents on Web.





The analysis of different Home Pages presented on Internet allows to fix the following heuristics about their semantical structure:


Semantic structurisation of “good” HomePages is usually fixed with the syntactic means of HTML.


As a rule, main goal of “good” HomePages is explicitly fixed in tag TITLE parameters.


Content is the main mean of semantic TOP structurisation in “good” HomePages.


As a rule, content is presented by hierarchical index describing as lists.


As a rule, semantic MEDIA structurisation of text is performed by the hierarchical system of the headers.


Semantic BOTTOM structurisation is often connected with the elements outlining by fonts and styles.


As a rule, semantic significant fragments of HTML-texts are associated with local and/or global links.





Above depicted heuristics open the possibilities of HTML-texts semantic interpretation oriented on the receiving theirs internal representation useful for the using in intelligent system of creating, maintenance and processing of intellectual spaces. So, the semantic structure of HomePages can be defined by the following set of the frame-prototypes:


[HomePage	is_a	WWW-Presentation;


	Author		frame,		restr_by Person;


	Goal		string;


	Keywords	{string};


	Links		{frame},	restr_by link;


	Content	{frame},	restr_by index;


Presentation	{frame},	restr_by topic	];





[index	is_a	prototype;


	SubIndex	{frame},	restr_by one_of {topic, index}	];





[topic	is_a	prototype;


	SubTopic	{frame},	restr_by one_of {semantics, topic}	];





[semantics	is_a	net	];


Presented specification of the notion “HomePage” shows that its basic element is the semantics. For the description of this notion we use network representations of domain-oriented ontology where each element has the references at the appropriate sites on Internet.





Deep discussion of this part of intellectual spaces is the theme of the separate paper. So, to the conclusion let’s observe the extensional description of HomePage presented at Fig. 4.





�


Fig. 4. NetScape presentation of JCKBSE’98 Home Page


Fragment of the source HTML-text for this Home Page is the following:


<HTML><HEAD>  <TITLE>JCKBSE'98 Home page</TITLE>  </HEAD>


<BODY ...>


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


<p>Joint Conference on Knowledge-Based Software Engineering aims to provide a forum for


......................................................................................... <br>


The conference originated from efforts to provide a suitable forum for contacts for scientists


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


 <ul>


	<li>knowledge engineering 


	<li>software engineering 


	<li>knowledge-based software engineering.


 </ul>


The conference will also include invited talks and a tutorial. .............................................................................................


</BODY></HTML>





After converting this text into frame representation according to above described method we can recieve the following set of frame-examples:


	[html#0001 	is_a	html;		[head#0002 	is_a	head;


		HEAD	= head#0002;			BODY	= {title#0004}];


		BODY	= body#0003];


[title#0004 	is_a	title;


	BODY	= “JCKBSE'98 Home page”];


[body#0003 	is_a body;


	SENT	= { ..., paragraph#0005, ..., ul#0010, text#0017, ...}];


[paragraph#0005	is_a	paragraph;   [text#0006 	is_a	text;


	BODY	= text#0006];			ATOM	= {line#0007, br#0008, line#0009, ...}];


[line#0007 	is_a	line;


	VALUE	= “Joint Conference on Knowledge-Based Software Engineering aims�				to provide a forum for ...”];


[br#0008 	is_a	br];


[line#0009 	is_a	line;


	VALUE	= “The conference originated from efforts to provide a suitable forum for �				contacts for scientists ....”];


[ul#0010 	is_a	list;


	ATOM	{ text#0011, text#0013, text#0015}];


[text#0011 	is_a	text;			[text#0013 	is_a	text;


	ATOM	= {line#0012}];			ATOM	= {line#0014}];


[line#0012 	is_a	line;			[line#0014 	is_a	line;


   VALUE = “knowledge engineering”]; 	   VALUE	= “software engineering”];


[text#0015 	is_a	text;		[line#0016 	is_a	line;


	ATOM	= {line#0016}]; 	   VALUE	= “knowledge-based software engineering”];


 [text#0017 	is_a	text;


	ATOM	= {line#0018, ...}];


[line#0018 	is_a	line;


	VALUE	= “The conference will also include invited talks and a tutorial.”];


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





As it was mentioned above that the interpretation of HTML documents is based on heuristical assumptions about their structure and semantics. Some of such heuristics were depicted for notion HomePage. So, we can produce the semantical representation for above presented Home Page with the using of these heuristics and recieve the following set of frame-examples:


[HomePage#0001	is_a	HomePage;


	Author = Navrat;


	Goal	= “JCKBSE'98 Home page”;


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


	Content = { index#0002 };


	Presentation = { topic #0003, topic #0005, topic #0006, topic #0007, topic #0008}];


[index#0002	is_a	index;


	SubIndex	= { topic #0003, index#0004, topic #0005}];


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


[index#0004	is_a	index;


	SubIndex	= { topic #0006, topic #0007, topic #0008}];


[topic #0006 	is_a	topic;			[topic #0007 	is_a	topic;


	SubTopic	= { semantics#0009 }]; 	SubTopic	= { semantics#0010 }];


[semantics#0009	is_a	semantics;	[semantics#0010	is_a	semantics;


	Input	= knowledge_engineering; 		Input	= software_engineering;


	..........................................................]; 	..........................................................];


[topic #0008 	is_a	topic;


	SubTopic	= { semantics#0011 }];


[semantics#0011	is_a	semantics;


	Input	= knowledge-based_software_engineering;


	..........................................................];


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


The frames “knowledge_engineering”, “software_engineering” and “knowledge-based_software_engineering” are components of AI-Software ontology. The restrictions at the volume of the paper does not give us the posibilities to discuss these components in deep. So, it should be outlined that the description of this ontolody is based on the same production-frame knowledge representation formalism and consists of notions taxonomy and the set of demons that are responsible for the inference.





5. Conclusion Remarks and Future Developments


In according to our goal of the creation of intellectual space on Web we needed in a new approach to this problem solving. It was shown that semiotic engineering can be used as a basis for the design and implementation of such a spaces.





The methods of knowledge driven processing of HTML-based documents were discussed. Special syntax-oriented convertor from HTML into the frame representation was presented. Semiotic description of intellectual spaces based on semantic network was depicted. An approach to the semantical interpretation of internal frame-based representation of HTML-texts was suggested.





To the complete solving of this problem it is necessary to expand discussed in present paper themes with the processing of ontologies and natural language processing. Implementation methods and appropriate systems’ architectures is the next important theme in context of this paper. The discussion of all above depicted themes is out of space this presentation. But all of them in the hot spots of our researches connected with the development of multi agent systems for the design, maintenance and processing of WEB-oriented intellectual spaces.





6. Aknowledgments


Presented research is supported by grants of Russian Foundation for Basic Researches and Ministry of Science and Technology of Russia.





References


[AgentSoft, 1998] 	LiveAgent System’ Home Page, http://www.agentsoft.com/


[AgentWare, 1998] 	Autonomy System’ Home Page, http://www.agentware.com


[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)


[CompassWare, 1998]	InfoMagnet System’ Home Pahe, http://www.compassware.com


[Craven et all., 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/cs.cmu.edu/project/theo-11/www/wwkb/


[CYC, 1998]	CYC Project Home Page, http://www.cyc.com


[Decker et al., 1995]	Decker K., Lesser V. et al., MACRON: An Architecture for Multi-agent Cooperative Information Gathering, In the Proceedings of the CIKM’95 Intelligent Information Agents Workshop, Baltimore, MD, December, 1995. http://dis.cs.umass.edu/research/cig.html 


[Dobson et al., 1995]	Dobson S.A., Burrill V.A., Lightweight databases, Computer Networks and ISDN Systems 27(6), April 1995, pp. 1009-1015. In the Proceedings of the 3rd International World Wide Web Conference, Darmstadt. 


[Ehrlich et al., 1995]	A.I. Ehrlich, V.F. Khoroshevsky, D.A. Pospelov, G.S. Osipov, Semiotic Modelling and Situation Control, In the Proceedings of the 1995 ISIC Workshop, 10 IEEE International Symposium on Intelligent Control, 121-123.


[Etzioni et al., 1995]	Etzioni O., Weld D, Intelligent Agents on the Internet: Fact, Fiction, and Forecast, IEEE Expert, 44-49, August 1995. 


[FireflyNetwork, 1998]	Firefly System’ Home Page, http://www.firefly.com/


[Gilbert D., 1997]	Gilbert D., The Right Information at the Right Time http://www.networking.ibm.com/iag/iaghome.html


[Grosz et al., 1994]	Grosz B, Davis R., Twenty-First Century Intelligent Systems. A Report to ARPA, The American Association for Artificial Intelligence. AI Magazine 15(3): Fall 1994, 10-20


[Guifoyle et al., 1994]	 Guifoyle, Warner, Intelligent Agents: the New Revolution in Software, Ovum Report, 1994


[HTML, 1998]	Hypertext Markup Language, http://developer.netscape.com/library/documentation/htmlguid/index.htm


[Jameson, 1997] Jameson K., An Internet-Scalable Knowledge Base Infrastructure, http://www.realcase.com/papers/ikbs_kaw98.html


[Junsa, 1995]	 Junsa, Progmatic Applications of Information Agents, BIS Strategic Decisions, 1995.


[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, Perslavl-Zalesky, Russia, 256-261.


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


[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.


[Kumar R., 1995]	Kumar R., Internet Information Resource Discovery Tools: Current Status and Future Trends, In the Proceedings of the CIKM'95 Intelligent Information Agents Workshop, Baltimore MD, December, 1995.


[Lenat, 1995]	Lenat, D. B., CYC: A Large-Scale Investment in Knowledge Infrastructure, Communications of the ACM 38, no. 11 (November 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


[Maes, 1994]	Maes, P., Agents that Reduce Work and Information Overload, Communications of the ACM 37 (7), 1994, 31-40.


[Osipov, 1997]	Osipov G.S., Applied Semiotics and Intelligent Control, In the Proceedings of the Second Workshop on Applied Semiotics, Smolenice Castle, Slovakia, September 15, 1997, 27-34.


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


[Pospelov, 1996]	Pospelov D.A., Basic concepts of Situational Languages and formal means of analysis and control of natural systems, Presented at the QAT Teleconference, New Mexico State University and the Army Research Office, December 13, (1996).


[Quarterdeck, 1998]	WebCompass System’ Home Page, http://arachnid.qdeck.com/


[Sandwall, 1996]	Sandwall E., Towards a World-Wide Data Base, Fifth International World Wide Web Conference, May 6-10, 1996, Paris, France.


[SEARCH, 1998] 	Search Engine Watch Home Page, http://searchenginewatch.com/


[Woelk et al., 1995]	Woelk, D. and C. Tomlinson, "Carnot and InfoSleuth: Database Technology and the World Wide Web", ACM SIGMOD International Conference on the Management of Data, May, 1995. http://www.mcc.com:80/projects/infosleuth/


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





(1)





(2)





(3)











