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Semantic Web Technologies 

       Unit - 1 

Introduction to semantic web 

 

Thinking and Intelligent Web Applications: 

• The term “thinking” is frequently loosely defined and ambiguously applied. For that 

reason, it is important to provide a brief preview of what we mean by the term in the 

context of intelligent applications on the World Wide Web. 

• Thinking is often used to describe such disparate acts as memory recall, arithmetic 

calculations, creating stories, decision making, puzzle solving, and so on. 

• Individual can be identified as intelligent if they have accurate memory recall, the ability 

to apply valid and correct logic, and the capability to expand their knowledge through 

learning and deduction. 

• The term “intelligence” can be applied to nonhuman entities as we do in the field of 

Artificial Intelligence (AI). But frequently we mean something somewhat different than 

in the case of human intelligence. 

• For example, while one might be quite impressed with the intelligence of a child prodigy 

who can perform difficult arithmetic calculations quickly and accurately, a computer that 

could perform the same calculations faster and with greater accuracy would not be 

considered to be particularly intelligent. 

• An individual who has rapid memory recall and who has accumulated sufficient amounts 

of information to consistently win games such as Scrabble, or Trivial Pursuit, might also 

be considered to be very intelligent; while a computer storing much greater quantities of 

accessible factual information would not. 

• The World Wide Web can be described as an interconnected network of networks, but 

that does not go quite far enough. The present day Web consists not only of the 

interconnected networks, servers, and clients, but also the multimedia hypertext 

representation of vast quantities of information distributed over an immense global 

collection of electronic devices. 

• software services being provided over the Web, one can readily see an analogy to the 

human (or machine) thinking process where information is stored, accessed, transferred, 

and processed by electronic patterns in electrical devices and their interconnections. 

• However, the current Web consists primarily of static data representations that are 

designed for direct human access and use. Search engines are one Web technology 

designed to automatically process information from large numbers of Web sites to deliver 

useful processed information, but the search methods used today have rudimentary 

capabilities. 
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• The key to moving to the next level is the improvement of the ability of software 

applications to communicate directly with one another, and the representation of 

information in ways that are far more usable by software applications. 

• An important framework for creating such meaningful abilities can be provided by the 

proposed next generation of Web architecture: the Semantic Web. 

 

 

The Information Age: 

 
• We are living in a world that is rapidly changing. This is true in all aspects of our society 

and culture, but is especially true in the field of information technology 

• Mankind has experienced two global revolutionary changes: he Agricultural Revolution 

and the Industrial Revolution. 

 

Agricultural Revolution  

 

• Ten thousand years ago, humans lived in migratory groups and with the aid of flexible, 

rapidly evolving cultures, these loosely organized groups of “hunter–gatherers” were able 

to adapt to virtually all the climate zones and environmental niches on the planet, from 

the Arctic to temperate zones to the tropics. They fed themselves by hunting, herding, 

fishing, and foraging.  

• The essence of hunting and gathering economies was to exploit many resources lightly 

rather than to depend heavily on only a few. Small, mobile human populations subsisted 

on whatever resources were available within their territory. 

• However, a major and dramatic turning point in human social development occurred 

when humans discovered the utility of agriculture. Agriculture resulted in living 

permanently in one place. Living in one spot permanently means exploiting a relatively 

small amount of land very intensively and over a long period of time. 

• The Agricultural Revolution crept slowly across villages and regions, introducing land 

cultivation and a new way of life. During the long millennia that this revolution 

progressed, the world population was divided into two competitive categories: primitive 

and civilized. The primitive tribes continued in the mode of hunting–gathering while the 

civilized communities worked the land. The civilized communities produced foodstuffs 

for their own use with a surplus to allow for trade. 

• Because farmers consumed what they produced directly and traded their surplus locally, 

there was a close relationship between production and consumption. 

• However, as trade developed the Agricultural Revolution encouraged the construction of 

the roads that facilitated the exchange of specialized produce on an expanding scale until 

it eventually become global. 
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Industrial Revolution 

 
• The Industrial Revolution became characterized by six basic characteristics: 

Standardization: mass production of identical parts. Concentration: work and energy 

maintained locally. Centralization: authoritative leadership. Specialization: division of 

labor. Synchronization: work at the pace of machines. Maximization: strategic planning. 
• Today, the Information Age is establishing a new set of rules to replace those of the 

Industrial Revolution. For example, “standardization of parts” is being replaced by parts 

“designed and manufactured to custom specifications.” And “concentration of workers” 

is being replaced by flexible work forces including “telecommuters.” And most 

importantly, “concentration of stockpiles” is being replaced by “just-in-time” inventory 

and reductions in planning uncertainty. 

• As a result, production and consumption are continuing to move further apart. For many 

years, the falling cost of information has shifted power from the hands of the producers 

into the hands of the consumer. 

• The invention of the printing press enabled common people to gain access to scientific 

knowledge and political ideas. By the sixteenth century, information moved into the 

hands of the people and out of the strict control of the state. In a similar dramatic change, 

the invention of the telegraph produced the possibility for instant widespread 

dissemination of information, thereby liberating economic markets. 

• Today, there is a competitive collision of industrial-based organizations and information-

based systems. Information-based technology systems are the catalysts for the rapid 

change that has led to the dissemination of information throughout the workplace and 

home. 

• the Information Age will actually become a revolution comparable in scope to the 

Agricultural and Industrial Revolution. 

 

The World Wide Web 

 
• The RAND Corporation began research sponsored by the U.S. Air Force to determine 

how to develop robust, distributed communication networks for military command and 

control that could survive and function in the event of a nuclear attack. 

• This initial study led to the development of the Advanced Research Programs Agency 

Network (ARPANET) an agency of the U. S. Department of Defense. In addition to 

robustness, it promoted the sharing of supercomputers among scientific researchers in the 

United States. ARPANET originally consisted of four nodes int he western U.S. (the 

University of California at Los Angeles, SRI of Stanford, California, the University of 

California at Santa Barbara, and the University of Utah) connected in a system that was 

to become the precursor to the Internet. 

• The ARPANET was a success right from the very beginning. Over those first few years, 

the network developed and expanded as new sites (nodes) were added, and as new 

capabilities and features were introduced, such as software and protocols to facilitate 
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email and file transfers. Although the ARPANET was originally designed to allow 

scientists to share data and access remote computers, email quickly became the most 

popular application. The ARPANET became a high-speed digital post office as people 

used it to collaborate on research projects.It was a distributed system of “many-to-many” 

connections. 

• Transmission Control Protocol/Internet Protocol (TCP/IP), a suite of network 

communications protocols used to connect hosts on the Internet was developed 

to connect separate networks into a “network of networks” (e.g., the Internet). 

 

 

• In 1991, Berners-Lee, working at European Particle Physics Laboratory of the European 

Organization for Nuclear Research, Conseil Europ´een pour la Recherche Nucl´eaire, 

(CERN) in Switzerland, introduced the concept of the World Wide Web. 

• The Web combined words, pictures, and sounds on Internet pages and programmers saw 

the potential for publishing information in a way that could be as easy as using a word 

processor, but with the richness of multimedia. 

• Berners-Lee and his collaborators laid the groundwork for the open standards of the Web. 

Their efforts included the Hypertext Transfer Protocol (HTTP) linking Web documents, 

the Hypertext Markup Language (HTML) for formatting Web documents, and the 

Universal Resource Locator (URL) system for addressing Web documents. 

• Today, we reach the Web through commercial browsers, such as, Internet Explorer or 

Netscape Navigator. These browsers are powerful applications that read the markup 

languages of the Web, display their contents and collect data. 

• The primary language for formatting Web pages is HTML. With HTML the author 

describes what a page should look like, what types of fonts to use, what color the text 

should be, where paragraph marks come, and many more aspects of the document. All 

HTML documents are created by using tags. 

 

Limitations of Today’s Web 

 
• Past several decades, the Web has changed from a distributed, high reliability,open 

system, to a Web dominated by portals, such as Yahoo, Google,AOL, and MSN, 

which control much of the traffic. 

• W3C developed open Web standards, vendors have been customizing their 

applications for efficient business logic processing through their proprietary servers 

and applications. 

• By the year 2000, the introduction of Web Services led to a dichotomy ofMicrosoft’s 

Windows (.NET) and Sun’s Java (J2EE) frameworks within the server community 

infrastructure. As a result, the Web moved strongly toward becoming a decentralized 

network with highly critical hubs. 

• The eXensibleMarkup Language (XML) was developed as a markup language based 

on the principles and rules of Standard Generalized Markup Language (SGML)and 
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uses tags that are not predefined. This gives XML great flexibility, and extensibility. 

The XML remains the interoperable bridge for exchanging data between J2EE and 

.NET, and as a result XML is an essential support for both Web Services’ 

frameworks. 

• The problem with performing intelligent tasks, such as automated Web Services, is 

that they first require human assistance, and second that they must rely on the 

interoperation and inefficient exchange of the two competing proprietary server 

frameworks to successfully communicate complex business logic. 

• The Web is still based on HTML, which describes how information is to be displayed 

and laid out on a Web page for humans to read. In effect, the Web has developed as a 

medium for display of information directly to humans; there has been no real 

emphasis on establishing the capability for machine understanding and processing of 

web-based information. 

• HTML is not capable of being directly exploited by information retrieval techniques; 

hence processing of Web information is largely restricted to manual keywords 

searches 

• Because the World Wide Web has its origin in the idea of hypertext, the Web is 

focused on textual data enriched by illustrative insertions of audiovisual materials. 

• Web browsers are restricted to accessing existing information in a standard form. 

• Today’s basic Web limitations include search, database support, interoperable 

applications, intelligent business logic, automation, security, and trust. 

 

The Next Generation Web 

 
• A new Web architecture called the Semantic Web offers users the ability to work on 

shared knowledge by constructing new meaningful representations on the Web. Semantic 

Web research has developed from the traditions of AI and ontology languages and offers 

automated processing through machine-understandable metadata. 

• Semantic Web agents could utilize metadata, ontologies, and logic to carry out its tasks. 

Agents are pieces of software that work autonomously and proactively on the Web to 

perform certain tasks. In most cases, agents will simply collect and organize information. 

Agents on the Semantic Web will receive some tasks to perform and seek information 

from Web resources, while communicating with other Web agents, in order to fulfill its 

task. 

 

Why Intelligent ubiquitous devices improve productivity? 

 
• The Information Revolution to succeed, two key elements are necessary: 

                 (1 ) ubiquitous access to transaction applications of all types and  

                 (2 ) intelligent software applications producing automated transactions. 
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• Ubiquitous access can be achieved through the World Wide Web just as soon as small 

wireless devices become globally distributed: thereby extending the reach of the desktop 

personal computer to the persons themselves 

• Intelligent software applications can become available just as soon as the Semantic Web 

offers intelligent automatic applications. 

• As computers have evolved over the past several decades, they have become smaller 

(main frames to handheld devices) and mobile (wired to wireless). The numbers of 

computing machines ranges from consumer items (in the trillions), home appliances (10s 

of billion), handheld devices (100 million), computers (10s of million), and the Web (1). 

• the next decade, the most prevalent computers may actually be small mobile wireless 

devices that combine the capabilities of cell phones, personal digital assistants (PDAs), 

pocket-sized PCs, and tablets. 

• Their small size, relatively low cost, and wide availability from many manufacturers will 

ensure that many people will have one, or more. The computing environment ofsmall 

mobile wireless devices will be very different from today’s predominant desktop 

computing environment. 

• Accessible intelligent Web features offer a significantly enhanced contribution to an 

Information Revolution 

• one-half of today’s world economy involves some related office work. This includes 

buying and selling transactions, banking applications, insurance, government, and 

education forms, and business-to-business transactions. 

• The required information processing is currently being done mostly by specialized 

humans and secondarily by machines. For the most part, information technology has been 

a tool to improve the productivity of the human work force. Even in role, the Web is only 

beginning to scratch the surface of office work and commercial transactions. 

• Banking, which typically involves straightforward, standardized transactions,could be 

one of the first major areas for widespread small device wireless access. 

• The ubiquitous mobile phone is the new contender in financial services and it carries with 

it the potential for much broader access. Unlike earlier experiments with smart cards and 

PC banking services, mobile devices look like a natural channel for consumer financial 

services. Mobile operators have built networks and technology capable of cheap, reliable, 

and secure, person-to-merchant and person-to-person payments. Wireless 

telecommunication can augment the payment system. 

• Small mobile devices using the Web will offer consumers as well as businesses access to 

products and services anytime, anywhere, and by shifting even more power from 

producers to consumers, the falling cost of information provides a powerful feedback 

loop for the economic production cycle. 
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 MACHINE INTELLIGENCE 
 

• Machine intelligence is associated with Machine Learning, Computational Intelligence, 

Soft-Computing, and Artificial Intelligence. Although these terms are often used 

interchangeably, they are actually different branches of study. 

• For example, Artificial Intelligence involves symbolic computation (i.e.,the mathematical 

transformation of symbolic expressions, using computer algorithms), while Soft-

Computing (i.e., techniques in computer science and in artificial intelligence, such as 

Fuzzy logic, Neural networks, and Probabilistic reasoning, that resemble human 

reasoning more closely than traditional techniques) involves intensive numerical 

computation 

• The following sub branches of machine intelligence have particular relevance to the 

Semantic Web and the idea Web intelligence: computational complexity, descriptive 

logic, ontology, inference, and software agents. 

• Semantic Web is under development, concepts surrounding machine intelligence will 

continue to evolve. The extent of the usefulness of the Semantic Web will be tested in 

various ways, but the controversy involving the meaning of machine intelligence will 

undoubtedly not end in the foreseeable future 

 

 

ARTIFICIAL INTELLIGENCE 

 
• There are two main lines of AI research. One is biological, based on the idea that since 

humans are intelligent, AI should study humans and imitate the psychology or physiology 

of human intelligence.  

• The other is phenomenological, based on studying and formalizing common sense facts 

about the world and the  problems that the world presents to the achievement of goals 

thereby providing functionality that, in humans, would be considered intelligent behavior, 

even if the approach used is quite different from what would be found in a human. 

• Artificial intelligence is sometimes described in two ways: strong AI and weak AI. 

Strong AI asserts that computers can be made to think on a level (at least) equal to 

humans. Weak AI simply holds that some thinking-like features can be added to 

computers to make them more useful tools. 

• Examples of Weak AI abound: expert systems, drive by-wire cars, smart browsers, and 

speech recognition software. These weak AI components may, when combined, begin to 

approach some aspects of strong AI. 

• A classic example of an AI application that many would consider intelligent in some 

form is computer chess. Over the years, computer chess-playing software has received 

considerable attention, and such programs are a commercial success for home PCs or on 

the Web. 
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Ontology 

 
• If a program wants to compare conceptual information across two knowledge bases on 

the Web, it has to know when any two given terms are being used to mean the same 

thing. 

• Ideally, the program must have a way to discover common meanings for whatever 

knowledge bases it encounters 

• A solution to this problem is provided by the Semantic Web in the form of collections of 

information called ontologies. 

• Artificial Intelligence and Web researchers use the term ontology as a document that 

defines the relations among terms. A typical ontology for the Web uses a taxonomy and a 

set of inference rules. 

• The taxonomy defines classes of objects and relations among them. Classes,subclasses, 

and relations among entities are important tools. We can express a large number of 

relations among entities by assigning properties to classes and allowing subclasses to 

inherit such properties. 

• Inference rules in ontologies may express rules for manipulating information. 

• Inference rules may express the rule: “If a city code is associated with a state code, and 

an address uses that city code, then that address has the associated state code.” A program 

could then readily deduce, for example, that a Cornell University address, being in Ithaca, 

must be in New York State, which is in the United States, and therefore should be 

formatted to U.S. standards. 

 

 

Inference engines 

 
• Inference engines are intended to derive answers from a knowledge base. They are at the 

core of the expert systems that provide a methodology for reasoning about the 

information in the knowledge base, and for formulating conclusions. 

• Inference engines process knowledge available in the Semantic Web. They deduce new 

knowledge from previously established knowledge 

• An inference engine controls overall execution of a set of rules. It searches through a 

knowledge base, attempting to pattern-match facts or knowledge present in memory to 

the antecedents of rules. 

• If a rule’s antecedent is satisfied, the rule is ready to fire and is placed in the agenda. 

When a rule is ready to fire it means that since the antecedent is satisfied, the consequent 

can be executed. 

• Salience is a mechanism used by some expert systems to add a procedural aspect to rule 

inferencing. Certain rules may be given a higher salience than others, which means that 

when the inference engine is searching for rules to fire, it places those with a higher 

salience at the top of the agenda 
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Software Agents 

 
• Agents have the following characteristics: they are reactive—they perceive their 

environment, and respond; proactive—they exhibit goal-directed behavior; and social—

they interact with other agents. 

• Real-time intelligent agent technology offers a powerful Web tool. Agents are able to act 

without the intervention of humans or other systems; they have control both over their 

own internal state and their behavior. Normally, an agent will have a repertoire of actions 

available to it. 

• Agent architectures are really software architectures for decision-making systems that are 

embedded in an environment. 

• The complexity of the decision-making process can be affected by a number of different 

environmental choices: accessible versus inaccessible, deterministic versus 

nondeterministic, episodic versus non episodic, static versus dynamic, and discrete versus 

continuous. 

• The most complex general class of environments consists of those that are inaccessible, 

nondeterministic, nonepisodic, dynamic, and continuous. For the Semantic Web, 

providing sufficient expressive power for agents to interact successfully is essential. 

 

Web Architecture and Business Logic 

 
• Today, markup languages are not equipped with logic connectives. So all complex logic 

and detailed calculations must be carried out by specially compiled programs residing on 

Web servers where they are accessed by server page frameworks. 

• Browsers, such as Internet Explorer and Netscape Navigator, view Web pages written in 

HyperText Markup Language (HTML). The HTML program can be written to a simple 

text file that is recognized by the browser and can call embedded script programming. 

• When a request comes into the Web server, the Web server simply passes the request to 

the program best able to handle it. The Web server does not provide any functionality 

beyond simply providing an environment in which the server side program can execute 

and pass back the generated responses. 

•  The server-side program provides functions as transaction processing, database 

connectivity, and messaging. 

• Business logic is concerned with logic about: how we model real-world business objects, 

such as accounts, loans, travel; how these objects are stored; how these objects interact 

with each other, for example, a bank account must have an owner and a bank holder’s 

portfolio is the sum of his accounts; and who can access and update these objects 

• As an example, consider an online store that provides real-time pricing and availability 

information. The site will provide a form for you to choose a product.When you submit 

your query, the site performs a lookup and returns the results embedded within an HTML 

page. The site may implement this functionality in numerous ways. 
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• The Web server delegates the response generation to a script; however, the business logic 

for the pricing lookup is included from an application server. With that change, instead of 

the script knowing how to look up the data and formulate a response, the script can 

simply call the application server’s lookup service. 

• The script can then use the service’s result when the script generates its HTML response. 

• The application server serves the business logic for looking up a product’s pricing 

information. That functionality does not say anything about display or how the client 

must use the information. Instead, the client and application server send data back and 

forth. When a client calls the application server’s lookup service, the service simply looks 

up the information and returns it to the client. 

• By separating the pricing logic from the HTML response-generating code, the pricing 

logic becomes reusable between applications. A second client, such as a cash register, 

could also call the same service as a clerk checking out a customer. 

• The XML has become the standard for data transfer of all types of applications and 

provides a data model that is supported by most data-handling tools and vendors. 

• Structuring data as XML allows hierarchical, graph-based representations of the data to 

be presented to tools, which opens up a host of possibilities. 

 

The Semantic Web 

 
• The current Web is built on HTML and XML, which describes how information is to be 

displayed and laid out on a Web page for humans to read. In addition, HTML is not 

capable of being directly exploited by information retrieval techniques. 

• The XML may have enabled the exchange of data across the Web, but it says nothing 

about the meaning of that data. In effect, the Web has developed as a medium for humans 

without a focus on data that could be processed automatically. 

• As a result, computers are unable to automatically process the meaning of content. For 

machines to perform useful automatic reasoning tasks on these documents, the language 

machines used must go beyond the basic semantics of XML Schema. They will require 

an ontology language, logic connectives, and rule systems. 

• The Semantic Web will bring meaning to the content of Web pages, where software 

agents roaming from page-to-page can carry out automated tasks. 

• The Semantic Web will be constructed over the Resource Description Framework(RDF) 

and Web Ontology Language (OWL). 

• Figure  illustrates how Semantic Web languages are built upon XML and climbs up the 

Markup Language Pyramid 
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Figure: Markup language pyramid 

 

• These languages are conceptually richer than HTML and allow representation of the 

meaning and structure of content (interrelationships between concepts). 

• This makes Web content understandable by software agents, opening the way to a whole 

new generation of technologies for information processing, retrieval, and analysis. 

• If a developer publishes data in XML on the Web, it does not require much more effort to 

take the extra step and publish the data in RDF. By creating ontologies to describe data, 

intelligent applications will not have to spend time translating various XML schemas. 

• An ontology defines the terms used to describe and represent an area of knowledge. 

Although XML Schema is sufficient for exchanging data between parties who have 

agreed to the definitions beforehand, their lack of semantics prevents machines from 

reliably performing this task with new XML vocabularies. 

• Semantic Web research has developed from the traditions of AI and ontology languages. 

Currently, the most important ontology languages on the Web are XML, XML Schema, 

RDF, RDF Schema, and OWL. 

Inference Engines for the Semantic Web 

 

• Inference engines process the knowledge available in the Semantic Web by deducing new 

knowledge from already specified knowledge. Higher Order Logic (HOL)-based 
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inference engines have the greatest expressive power among all known logics, such as the 

characterization of transitive closure 

• Full First-Order Logic based inference engines for specifying axioms requires a full-

fledged automated theorem prover, which is semidecidable, but inferencing is 

computationally not tractable for large amounts of data and axioms 

• This means that in an environment like the Web, HOL and FFOL programs would not 

scale up for handling huge amounts of knowledge. Besides, full first theorem proving 

would mean maintaining consistency throughout the web, which is impossible. 

 

Berners-Lee www 
 

• Berners-Lee and his collaborators laid the groundwork for the open standards of the Web. 

Their efforts included inventing and refining the Hypertext Transfer Protocol (HTTP) for 

linking Web documents, the HTML for formatting Web documents and the Universal 

Resource Locator (URL) system for addressing Web documents. 

Hypertext Transfer Protocol 

• HyperText Transfer Protocol is the network protocol used to deliver files and data on the 

Web including: HTML files, image files, query results, or anything else. Usually, HTTP 

takes place through TCP/IP sockets. Socket is the term for the package of subroutines 

that provide an access path for data transfer through the network. 

• HTTP uses the client–server model: An HTTP client opens a connection and sends a 

request message to an HTTP server; the server then returns a response message, usually 

containing the resource that was requested. After delivering the response, the server 

closes the connection. 

• A simple HTTP exchange to retrieve the file at the URL, first opens a socket to the host 

www.somehost.com, at port 80 (the default) and then, sends following through the 

socket: 

• GET/path/file.html HTTP/1.0 

From: someuser@somehost.com 

User-Agent: HTTPTool/1.0 

• The server responds with the HTTP protocol file followed by the HTML “hello world” 

file with the following: 

HTTP/1.0 200 OK 

Date: Fri, 8 march 2019 23:59:59 GMT 

Content-Type: text/html 

Content-Length: 1354 

<html> 

<body> 

Hello Suraj here 

</body> 

    </html> 
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• This simple process has proven to be not only easy and straightforward, but highly 

successful as well. 

Bridging Web Services 

• W3C continually develops open Web standards, vendors have been customizing their 

applications for efficient business logic processing through their proprietary server 

applications. 

• For example, Web Services communicate through open standards including Simple 

Object Access Protocol (SOAP) and Web Service Description Language (WSDL), but 

then the business logic is executed through server pages designed for specialized server 

frameworks 

• Simple Object Access Protocol (SOAP) is an implementation of XML that represents one 

common set of rules about how data and commands are represented and extended. 

• It consists of three parts: an envelope (a framework for describing what is in a message 

and how to process it), a set of encoding rules (for expressing instances of application-

defined data types), and a convention for representing remote procedure calls and 

responses. 

• The SOAP messages are fundamentally one-way transmissions from a sender to a 

receiver using HTTP binding. Simple Object Access Protocol describes commands and 

parameters that can be passed between browsers and Web Services for both J2EE and 

.NET platforms. 

• Web Services Description Language (WSDL) describes networked XML-based services. 

It provides a way for service providers to describe the format of requests to their systems 

regardless of the underlying protocol or encoding.  

• It is a part of the effort of Universal Discovery and Description Identification (UDDI) 

initiative to provide directories and descriptions of such on-line services for electronic 

business. 

Limits of Today’s Web 

 

• The Web has changed from its original structure of a distributed, high-reliability,open 

system without a superimposed logic or metadata. 

• Today, the basic information is still displayed as a distributed open system, but the 

development of portals, such as, Yahoo, Google AOL, and MSN has focused Web entry 

and led to controlling traffic to partisan sites. 

• business logic has migrated primarily into two segregated server frameworks: active 

server pages and java server pages.  

• The result has produced a decentralized Web system with critical proprietary portal-

centric nodes and frameworks 

• The problem at present is that there is no way to construct complex networks of 

meaningful relations between Web contents. In fact, the providers have no influence on 

the links to the contents they provide and the users have no impact on the available access 

structures to the content. 
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•  As a result, some of today’s basicWeb limitations include search, database support, 

interoperable applications, intelligent business logic, automation, security, and trust. 

 

 

The semantic web roadmap 

 
• The objective of the Semantic Web architecture is to provide a knowledge representation 

of linked data in order to allow machine processing on a global scale.  

• This involves moving the Web from a repository of data without logic to a level where it 

is possible to   logic through knowledge representation systems. 

•  The vision for the Semantic Web is to augment the existing Web with resources more 

easily interpreted by programs and intelligent agents. 

• today’s search engines index HTML pages to find many answers and cover a huge part of 

the Web, they return many irrelevant pieces of information. There is no notion of 

“correctness” to such searches 

• The difficulty of semantic search is perhaps its most important limitation.With the current 

state of the Web, there are two methods of gaining broader information about documents. 

The first is to use a directory, or portal site, manually constructed by searching the Web 

and then categorizing pages and links. 

• The problem with this approach is that directories take a tremendous effort to maintain. 

Finding new links, updating old ones, and maintaining the database technology, all add to 

a portal’s administrative burden and operating costs. The second method uses automatic 

Web crawling and indexing systems. 

• Consequently, searching the World Wide Web can be frustrating. The result of having 

better standard metadata could be a Web where users and agents could directly tap the 

latent information in linked and related pages. 

• The objective of the Semantic Web therefore, is to provide a framework that expresses 

both data and rules for reasoning for Web-based knowledge representation. Adding logic 

to the Web means using rules to make inferences, choose courses of action, and 

answering questions. 

• Two important technologies for developing the Semantic Web are already in place: 

eXtensible Markup Language (XML) and the Resource Description Framework (RDF) 

• eXtensible Markup Language lets everyone create their own tags. Scripts, or programs, 

can make use of these tags in sophisticated ways, but the script writer has to know how 

the page writer uses each tag 

Resource Description Framework 

• Resource Description Framework is a model of statements made about resources and 

associated URI. Its statements have a uniform structure of three parts: subject, predicate, 

and object. 

• For example, 

“The book [subject] has the title [predicate] Timbernerns lee: Semantic web[object].” 

Ontology 
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• An ontology is an agreement between agents that exchange information. The agreement 

is a model for structuring and interpreting exchanged data and a vocabulary that 

constrains these exchanges. Using ontology, agents can exchange vast quantities of data 

and consistently interpret it. 

 

 

 

Web Ontology Language 

• Web Ontology Language facilitates greater machine readability of Web content than that 

supported by XML, RDF, and RDFS by providing additional vocabulary along with 

formal semantics. 

Making an Inference 

• The Semantic Web will not be possible until software agents have the means to figure out 

some things by themselves. Fortunately, artificial intelligence gives us two tools to help 

make this possible. First, knowledge representation is a field that defines how we might 

represent, in computers, some of what is storedbetween our ears.  

• Second, inference is a way of using formal logic to approximate further knowledge from 

w hat is already known. An inference engine is a software application that processes the 

knowledge to derive resulting conclusions. 

 

Computational Complexity for Large Networks 

• Computational-complexity theory establishes how much of a resource (e.g.,time, space, 

parallelism, or randomness) is required to solve certain classes of computations. Some of 

the most common classifications include 

• P: Problems that can be solved in polynomial time. An example problem in P is the task 

of sorting a list of numbers. Since by systematically swapping any disordered pair the 

task can be accomplished within quadratic time, the problem is considered to be in P. 

•  NP: Problems are “nondeterministic in polynomial time.” A problem is NP if a selected 

(or guessed) trial solution can be quickly (in polynomial time) tested to determine if it is 

correct. 

• PSPACE: Problems that can be solved using an amount of memory that is limited as a 

polynomial in the input size, regardless of how much time the solution takes. 

• EXPTIME: Problems that can be solved in exponential time. This class contains 

problems most likely to be encountered, including everything in the previous three 

classes. 

•  UNDECIDABLE: For some problems, it can be proved that there is no algorithm that 

always solves them, no matter how much time or space is allowed.  

 

SWRL and Rule-Based Inference Engines 

• The OWL language creates statements for knowledge bases that are interpreted by 

inference engines utilizing powerful sets of rules. The Semantic Web 
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RuleLanguage(SWRL) expresses these rules as modular stand-alone units in a declarative 

way. 

• In general, rules may be considered at three abstraction levels (business domain, platform 

independent, platform specific) 

• At the business domain level, rules are statements that express parts of a business policy 

in a declarative manner, typically using a natural language. 

• At the platform-independent level, rules are formal statements, expressed in some 

formalism, which can be directly mapped to executable statements of a software platform 

language. 

Rule-Based Systems 

• Rule-based systems use symbolic representation and inference mechanisms to 

reach conclusions from facts and rules 

• The traditional definition of a computer program is usually: 

• Algorithm + data structures = program 

• In an expert system, this definition changes to 

            Inference engine + knowledge = expert system 

Inference Engines 

• An inference engine controls overall execution of a set of rules to process the 

knowledge available on the Semantic Web and deduce new knowledge. It searches 

through a knowledge base, attempting to match patterns of facts, or knowledge, 

to the antecedents of rules. 

• There are two types of knowledge chaining: forward and backward. In forward 

chaining, the expert system is given data and chains forward to reach a conclusion. 

In backward chaining, the expert system is given a hypothesis and backtracks to 

check if it is valid. 

• In a knowledge-representation system the following properties 

are required: a compact syntax; a well-defined semantics; a sufficiently 

expressive power to represent human knowledge; an efficient, powerful, and 

understandable reasoning mechanism; and a usable and large knowledge base. 

 

Semantic Web Services 

• The following are the fundamental automatic Web Service OWL-S tasks: discovery, 

invocation, composition and interoperation, and execution monitoring. 

 

LOGIC ON THE SEMANTIC WEB 

 
• The Semantic Web’s goal is to create a unifying system where a subset is constrained 

   to provide the tractability and efficiency necessary for real applications. However, 

the Semantic Web itself does not actually define a reasoning engine, but rather follows a proof of    

a theorem. 
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• The original Web design dropped link consistency in favor of expressive flexibility and 

scalability. The result allowed individual Web sites to have a strict hierarchical order or 

matrix structure, but it did not require it of the Web as a whole. 

• the Semantic Web cannot find answers, it cannot even check that an answer is correct, 

but it can follow a simple explanation that an answer is correct. 

Intractability and Undecidability 

• The world is full of undecidable statements and intractable problems, but the Semantic 

Web is capable of expressing them 

• A goal of logicians has long been to find languages in which all sentences were either 

true or false, and provably so. 

• A goal of logicians has long been to find languages in which all sentences were either 

true or false, and provably so. 

• Complexity: Semantics are complex, and it will not be easy to use. 

• Abuse: Practices like metatag spamming, and even trademark hijacking, are subject to 

abuse. Semantic Web technologies will need a mostly automated system for establishing 

trust. 

• Proprietary Technology: Because of the diversity in developers and development tools, 

Semantic Web technology will have to be technically openfor implementation and use. 

 

Semantic Web Capabilities and Limitations 

• The Semantic Web promises to make Web content machine-understandable, allowing 

agents and applications to access a variety of heterogeneous resources, processing and 

integrating the content, and producing added value for the user. 

• The Semantic Web aims to provide an extra machine-understandable layer, which will 

considerably simplify programming and maintenance effort for knowledge basedWeb 

Services 

• The main power of SemanticWeb languages is that anyone can create one, simply by 

publishing RDF triplets with URIs.We have already seen that RDF Schema and OWL are 

very powerful languages 

• One of the main challenges the Semantic Web community faces for the construction of 

innovative and knowledge-based Web Services is to reduce the programming effort while 

keeping the Web preparation task as small as possible. 


