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Preface to the second edition
Since the first edition of Semantic Web for the Working Ontologist came out in June 2008, we have been encouraged by the reception the book has received. Practitioners from a wide variety of industries—health care, energy, environmental science, life sciences, national intelligence, and publishing, to name a few—have told us that the first edition clarified for them the possibilities and capabilities of Semantic Web technology. This was the audience we had hoped to reach, and we are happy to see that we have.
Since that time, the technology standards of the Semantic Web have continued to develop. SPARQL, the query language for RDF, became a Recommendation from the World Wide Web Consortium and was so successful that version 2 is already nearly ready (it will probably be ratified by the time this book sees print). SKOS, which we described as an example of modeling “in the wild” in the first edition, has raced to the forefront of the Semantic Web with high-profile uses in a wide variety of industries, so we gave it a chapter of its own. Version 2 of the Web Ontology Language, OWL, also appeared during this time.
Probably the biggest development in the Semantic Web standards since the first edition is the rise of the query language SPARQL. Beyond being a query language, SPARQL is a powerful graph-matching language which pushes its utility beyond simple queries. In particular, SPARQL can be used to specify general inferencing in a concise and precise way. We have adopted it as the main expository language for describing inferencing in this book. It turns out to be a lot easier to describe RDF, RDFS, and OWL in terms of SPARQL.
The “in the wild” sections became problematic in the second edition, but for a good reason—we had too many good examples to choose from. We're very happy with the final choices, and are pleased with the resulting “in the wild”Chapter 9, Chapter 10, Chapter 11, Chapter 12 and Chapter 13. The Open Graph Protocol and Good Relations are probably responsible for more serious RDF data on the Web than any other efforts. While one may argue (and many have) that FOAF is getting a bit long in the tooth, recent developments in social networking have brought concerns about privacy and ownership of social data to the fore; it was exactly these concerns that motivated FOAF over a decade ago. We also include two scientific examples of models “in the wild”—QUDT (Quantities, Units, Dimensions, and Types) and The Open Biological and Biomedical Ontologies (OBO). QUDT is a great example of how SPARQL can be used to specify detailed computation over a large set of rules (rules for converting units and for performing dimensional analysis). The wealth of information in the OBO has made them perennial favorites in health care and the life sciences. In our presentation, we hope to make them accessible to an audience who doesn't have specialized experience with OBO publication conventions. While these chapters logically build on the material that precedes them, we have done our best to make them stand alone, so that impatient readers who haven't yet mastered all the fine points of the earlier chapters can still appreciate the “wild” examples.
We have added some organizational aids to the book since the first edition. The “Challenges” that appear throughout the book, as in the first edition, provide examples for how to use the Semantic Web technologies to solve common modeling problems. The “FAQ” section organizes the challenges by topic, or, more properly, by the task that they illustrate. We have added a numeric index of all the challenges to help the reader cross-reference them.
We hope that the second edition will strike a chord with our readers as the first edition has done.
On a sad note, many of the examples in Chapter 5 use “Elizabeth Taylor” as an example of a “living actress.” During postproduction of this book, Dame Elizabeth Taylor succumbed to congestive heart failure and died. We were too far along in the production to make the change, so we have kept the examples as they are. May her soul rest in peace.
Preface to the first edition
In 2003, when the World Wide Web Consortium was working toward the ratification of the Recommendations for the Semantic Web languages, RDF, RDFS, and OWL, we realized that there was a need for an industrial-level introductory course in these technologies. The standards were technically sound, but, as is typically the case with standards documents, they were written with technical completeness in mind rather than education. We realized that for this technology to take off, people other than mathematicians and logicians would have to learn the basics of semantic modeling.
Toward that end, we started a collaboration to create a series of trainings aimed not at university students or technologists but at Web developers who were practitioners in some other field. In short, we needed to get the Semantic Web out of the hands of the logicians and Web technologists, whose job had been to build a consistent and robust infrastructure, and into the hands of the practitioners who were to build the Semantic Web. The Web didn't grow to the size it is today through the efforts of only HTML designers, nor would the Semantic Web grow as a result of only logicians' efforts.
After a year or so of offering training to a variety of audiences, we delivered a training course at the National Agriculture Library of the U.S. Department of Agriculture. Present for this training were a wide variety of practitioners in many fields, including health care, finance, engineering, national intelligence, and enterprise architecture. The unique synergy of these varied practitioners resulted in a dynamic four-day investigation into the power and subtlety of semantic modeling. Although the practitioners in the room were innovative and intelligent, we found that even for these early adopters, some of the new ways of thinking required for modeling in a World Wide Web context were too subtle to master after just a one-week course. One participant had registered for the course multiple times, insisting that something else “clicked” each time she went through the exercises.
This is when we realized that although the course was doing a good job of disseminating the information and skills for the Semantic Web, another, more archival resource was needed. We had to create something that students could work with on their own and could consult when they had questions. This was the point at which the idea of a book on modeling in the Semantic Web was conceived. We realized that the readership needed to include a wide variety of people from a number of fields, not just programmers or Web application developers but all the people from different fields who were struggling to understand how to use the new Web languages.
It was tempting at first to design this book to be the definitive statement on the Semantic Web vision, or “everything you ever wanted to know about OWL,” including comparisons to program modeling languages such as UML, knowledge modeling languages, theories of inferencing and logic, details of the Web infrastructure (URIs and URLs), and the exact current status of all the developing standards (including SPARQL, GRDDL, RDFa, and the new OWL 1.1 effort). We realized, however, that not only would such a book be a superhuman undertaking, but it would also fail to serve our primary purpose of putting the tools of the Semantic Web into the hands of a generation of intelligent practitioners who could build real applications. For this reason, we concentrated on a particular essential skill for constructing the Semantic Web: building useful and reusable models in the World Wide Web setting.
Many of these patterns entail several variants, each embodying a different philosophy or approach to modeling. For advanced cases such as these, we realized that we couldn't hope to provide a single, definitive answer to how these things should be modeled. So instead, our goal is to educate domain practitioners so that they can read and understand design patterns of this sort and have the intellectual tools to make considered decisions about which ones to use and how to adapt them. We wanted to focus on those trying to use RDF, RDFS, and OWL to accomplish specific tasks and model their own data and domains, rather than write a generic book on ontology development. Thus, we have focused on the “working ontologist” who was trying to create a domain model on the Semantic Web.
The design patterns we use in this book tend to be much simpler. Often a pattern consists of only a single statement but one that is especially helpful when used in a particular context. The value of the pattern isn't so much in the complexity of its realization but in the awareness of the sort of situation in which it can be used.
This “make it useful” philosophy also motivated the choice of the examples we use to illustrate these patterns in this book. There are a number of competing criteria for good example domains in a book of this sort. The examples must be understandable to a wide variety of audiences, fairly compelling, yet complex enough to reflect real modeling situations. The actual examples we have encountered in our customer modeling situations satisfy the last condition but either are too specialized—for example, modeling complex molecular biological data; or, in some cases, they are too business-sensitive—for example, modeling particular investment policies—to publish for a general audience.
We also had to struggle with a tension between the coherence of the examples. We had to decide between using the same example throughout the book versus having stylistic variation and different examples, both so the prose didn't get too heavy with one topic, but also so the book didn't become one about how to model—for example, the life and works of William Shakespeare for the Semantic Web.
We addressed these competing constraints by introducing a fairly small number of example domains: William Shakespeare is used to illustrate some of the most basic capabilities of the Semantic Web. The tabular information about products and the manufacturing locations was inspired by the sample data provided with a popular database management package. Other examples come from domains we've worked with in the past or where there had been particular interest among our students. We hope the examples based on the roles of people in a workplace will be familiar to just about anyone who has worked in an office with more than one person, and that they highlight the capabilities of Semantic Web modeling when it comes to the different ways entities can be related to one another.
Some of the more involved examples are based on actual modeling challenges from fairly involved customer applications. For example, the ice cream example in Chapter 7 is based, believe it or not, on a workflow analysis example from a NASA application. The questionnaire is based on a number of customer examples for controlled data gathering, including sensitive intelligence gathering for a military application. In these cases, the domain has been changed to make the examples more entertaining and accessible to a general audience.
We have included a number of extended examples of Semantic Web modeling “in the wild,” where we have found publicly available and accessible modeling projects for which there is no need to sanitize the models. These examples can include any number of anomalies or idiosyncrasies, which would be confusing as an introduction to modeling but as illustrations give a better picture about how these systems are being used on the World Wide Web. In accordance with the tenet that this book does not include everything we know about the Semantic Web, these examples are limited to the modeling issues that arise around the problem of distributing structured knowledge over the Web. Thus, the treatment focuses on how information is modeled for reuse and robustness in a distributed environment.
By combining these different example sources, we hope we have struck a happy balance among all the competing constraints and managed to include a fairly entertaining but comprehensive set of examples that can guide the reader through the various capabilities of the Semantic Web modeling languages.
This book provides many technical terms that we introduce in a somewhat informal way. Although there have been many volumes written that debate the formal meaning of words like inference, representation, and even meaning, we have chosen to stick to a relatively informal and operational use of the terms. We feel this is more appropriate to the needs of the ontology designer or application developer for whom this book was written. We apologize to those philosophers and formalists who may be offended by our casual use of such important concepts.
We often find that when people hear we are writing a new Semantic Web modeling book, their first question is, “Will it have examples?” For this book, the answer is an emphatic “Yes!” Even with a wide variety of examples, however, it is easy to keep thinking “inside the box” and to focus too heavily on the details of the examples themselves. We hope you will use the examples as they were intended: for illustration and education. But you should also consider how the examples could be changed, adapted, or retargeted to model something in your personal domain. In the Semantic Web, Anyone can say Anything about Any topic. Explore the freedom.
Second Printing: Since the first printing there have been advances in several of the technologies we discuss such as SPARQL, OWL 2, and SKOS that go beyond the state of affairs at the time of first printing. We have created a web site that covers developing technology standards and changing thinking about the best practices for the Semantic Web. You can find it at http://www.workingontologist.org/.
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This book is about something we call the Semantic Web. From the name, you can probably guess that it is related somehow to the World Wide Web (WWW) and that it has something to do with semantics. Semantics, in turn, has to do with understanding the nature of meaning, but even the word semantics has a number of meanings. In what sense are we using the word semantics? And how can it be applied to the Web?
This book is for a working ontologist. That is, the aim of this book is not to motivate or pitch the Semantic Web but to provide the tools necessary for working with it. Or, perhaps more accurately, the World Wide Web Consortium (W3C) has provided these tools in the forms of standard Semantic Web languages, complete with abstract syntax, model-based semantics, reference implementations, test cases, and so forth. But these are like any tools—there are some basic tools that are all you need to build many useful things, and there are specialized craftsman’s tools that can produce far more specializes outputs. Whichever tools are needed for a particular task, however, one still needs to understand how to use them. In the hands of someone with no knowledge, they can produce clumsy, ugly, barely functional output, but in the hands of a skilled craftsman, they can produce works of utility, beauty, and durability. It is our aim in this book to describe the craft of building Semantic Web systems. We go beyond only providing a coverage of the fundamental tools to also show how they can be used together to create semantic models, sometimes called ontologies, that are understandable, useful, durable, and perhaps even beautiful. 
What is a Web?
The idea of a web of information was once a technical idea accessible only to highly trained, elite information professionals: IT administrators, librarians, information architects, and the like. Since the widespread adoption of the World Wide Web, it is now common to expect just about anyone to be familiar with the idea of a web of information that is shared around the world. Contributions to this web come from every source, and every topic you can think of is covered.
Essential to the notion of the Web is the idea of an open community: Anyone can contribute their ideas to the whole, for anyone to see. It is this openness that has resulted in the astonishing comprehensiveness of topics covered by the Web. An information “web” is an organic entity that grows from the interests and energy of the communities that support it. As such, it is a hodgepodge of different analyses, presentations, and summaries of any topic that suits the fancy of anyone with the energy to publish a web page. Even as a hodgepodge, the Web is pretty useful. Anyone with the patience and savvy to dig through it can find support for just about any inquiry that interests them. But the Web often feels like it is “a mile wide but an inch deep.” How can we build a more integrated, consistent, deep Web experience?

Smart Web, Dumb Web
Suppose you consult a web page, looking for a major national park, and you find a list of hotels that have branches in the vicinity of the park. In that list you see that Mongotel, one of the well-known hotel chains, has a branch there. Since you have a Mongotel rewards card, you decide to book your room there. So you click on the Mongotel web site and search for the hotel’s location. To your surprise, you can’t find a Mongotel branch at the national park. What is going on here? “That’s so dumb,” you tell your browsing friends. “If they list Mongotel on the national park web site, shouldn’t they list the national park on Mongotel’s web site?”
Suppose you are planning to attend a conference in a far-off city. The conference web site lists the venue where the sessions will take place. You go to the web site of your preferred hotel chain and find a few hotels in the same vicinity. “Which hotel in my chain is nearest to the conference?” you wonder. “And just how far off is it?” There is no shortage of web sites that can compute these distances once you give them the addresses of the venue and your own hotel. So you spend some time copying and pasting the addresses from one page to the next and noting the distances. You think to yourself, “Why should I be the one to copy this information from one page to another? Why do I have to be the one to copy and paste all this information into a single map?
Suppose you are investigating our solar system, and you find a comprehensive web site about objects in the solar system: Stars (well, there’s just one of those), planets, moons, asteroids, and comets are all described there. Each object has its own web page, with photos and essential information (mass, albedo, distance from the sun, shape, size, what object it revolves around, period of rotation, period of revolution, etc.). At the head of the page is the object category: planet, moon, asteroid, comet. Another page includes interesting lists of objects: the moons of Jupiter, the named objects in the asteroid belt, the planets that revolve around the sun. This last page has the nine familiar planets, each linked to its own data page.
One day, you read in the newspaper that the International Astronomical Union (IAU) has decided that Pluto, which up until 2006 was considered a planet, should be considered a member of a new category called a “dwarf planet”! You rush to the Pluto page and see that indeed, the update has been made: Pluto is listed as a dwarf planet! But when you go back to the “Solar Planets” page, you still see nine planets listed under the heading “Planet.” Pluto is still there! “That’s dumb.” Then you say to yourself, “Why didn’t someone update the web pages consistently?”
What do these examples have in common? Each of them has an apparent representation of data, whose presentation to the end user (the person operating the Web browser) seems “dumb.” What do we mean by “dumb”? In this case, “dumb” means inconsistent, out of synchronized, and disconnected. What would it take to make the Web experience seem smarter? Do we need smarter applications or a smarter Web infrastructure?
Smart web applications
The Web is full of intelligent applications, with new innovations coming every day. Ideas that once seemed futuristic are now commonplace; search engines make matches that seem deep and intuitive; commerce sites make smart recommendations personalized in uncanny ways to your own purchasing patterns; mapping sites include detailed information about world geography, and they can plan routes and measure distances. The sky is the limit for the technologies a web site can draw on. Every information technology under the sun can be used in a web site, and many of them are. New sites with new capabilities come on the scene on a regular basis.
But what is the role of the Web infrastructure in making these applications “smart”? It is tempting to make the infrastructure of the Web smart enough to encompass all of these technologies and more. The smarter the infrastructure, the smarter the Web’s performance, right? But it isn’t practical, or even possible, for the Web infrastructure to provide specific support for all, or even any, of the technologies that we might want to use on the Web. Smart behavior in the Web comes from smart applications on the Web, not from the infrastructure.
So what role does the infrastructure play in making the Web smart? Is there a role at all? We have smart applications on the Web, so why are we even talking about enhancing the Web infrastructure to make a smarter Web if the smarts aren’t in the infrastructure?
The reason we are improving the Web infrastructure is to allow smart applications to perform to their potential. Even the most insightful and intelligent application is only as smart as the data that is available to it. Inconsistent or contradictory input will still result in confusing, disconnected, “dumb” results, even from very smart applications. The challenge for the design of the Semantic Web is not to make a web infrastructure that is as smart as possible; it is to make an infrastructure that is most appropriate to the job of integrating information on the Web.
The Semantic Web doesn’t make data smart because smart data isn’t what the Semantic Web needs. The Semantic Web just needs to get the right data to the right place so the smart applications can do their work. So the question to ask is not “How can we make the Web infrastructure smarter?” but “What can the Web infrastructure provide to improve the consistency and availability of Web data?”

Connected data is smarter data
Even in the face of intelligent applications, disconnected data result in dumb behavior. But the Web data don’t have to be smart; that’s the job of the applications. So what can we realistically and productively expect from the data in our Web applications? In a nutshell, we want data that don’t surprise us with inconsistencies that make us want to say, “This doesn’t make sense!” We don’t need a smart Web infrastructure, but we need a Web infrastructure that lets us connect data to smart Web applications so that the whole Web experience is enhanced. The Web seems smarter because smart applications can get the data they need.
In the example of the hotels in the national park, we’d like there to be coordination between the two web pages so that an update to the location of hotels would be reflected in the list of hotels at any particular location. We’d like the two sources to stay synchronized; then we won’t be surprised at confusing and inconsistent conclusions drawn from information taken from different pages of the same site.
In the mapping example, we’d like the data from the conference web site and the data from the hotels web site to be automatically understandable to the mapping web site. It shouldn’t take interpretation by a human user to move information from one site to the other. The mapping web site already has the smarts it needs to find shortest routes (taking into account details like toll roads and one-way streets) and to estimate the time required to make the trip, but it can only do that if it knows the correct starting and endpoints.
We’d like the astronomy web site to update consistently. If we state that Pluto is no longer a planet, the list of planets should reflect that fact as well. This is the sort of behavior that gives a reader confidence that what they are reading reflects the state of knowledge reported in the web site, regardless of how they read it.
None of these things is beyond the reach of current information technology. In fact, it is not uncommon for programmers and system architects, when they first learn of the Semantic Web, to exclaim proudly, “I implemented something very like that for a project I did a few years back. We used….” Then they go on to explain how they used some conventional, established technology such as relational databases, XML stores, or object stores to make their data more connected and consistent. But what is it that these developers are building?
What is it about managing data this way that made it worth their while to create a whole subsystem on top of their base technology to deal with it? And where are these projects two or more years later? When those same developers are asked whether they would rather have built a flexible, distributed, connected data model support system themselves than have used a standard one that someone else optimized and supported, they unanimously chose the latter. Infrastructure is something that one would rather buy than build.


Semantic Data
In the Mongotel example, there is a list of hotels at the national park and another list of locations for hotels. The fact that these lists are intended to represent the presence of a hotel at a certain location is not explicit anywhere; this makes it difficult to maintain consistency between the two representations. In the example of the conference venue, the address appears only as text typeset on a page so that human beings can interpret it as an address. There is no explicit representation of the notion of an address or the parts that make up an address. In the case of the astronomy web page, there is no explicit representation of the status of an object as a planet. In all of these cases, the data describe the presentation of information rather than describe the entities in the world.
Could it be some other way? Can an application organize its data so that they provide an integrated description of objects in the world and their relationships rather than their presentation? The answer is “yes,” and indeed it is common good practice in web site design to work this way. There are a number of well-known approaches.
One common way to make Web applications more integrated is to back them up with a relational database and generate the web pages from queries run against that database. Updates to the site are made by updating the contents of the database. All web pages that require information about a particular data record will change when that record changes, without any further action required by the Web maintainer. The database holds information about the entities themselves, while the relationship between one page and another (presentation) is encoded in the different queries.
Consider the case of the national parks and hotel. If these pages were backed by the same database, the national park page could be built on the query “Find all hotels with location = national park,” and the hotel page could be built on the query “Find all hotels from chain = Mongotel.” If Mongotel has a location at the national park, it will appear on both pages; otherwise, it won’t appear at all. Both pages will be consistent. The difficulty in the example given is that it is organizationally very unlikely that there could be a single database driving both of these pages, since one of them is published and maintained by the National Park Service and the other is managed by the Mongotel chain.
The astronomy case is very similar to the hotel case, in that the same information (about the classification of various astronomical bodies) is accessed from two different places, ensuring consistency of information even in the face of diverse presentation. It differs in that it is more likely that an astronomy club or university department might maintain a database with all the currently known information about the solar system.
In these cases, the Web applications can behave more robustly by adding an organizing query into the Web application to mediate between a single view of the data and the presentation. The data aren’t any less dumb than before, but at least what’s there is centralized, and the application or the web pages can be made to organize the data in a way that is more consistent for the user to view. It is the web page or application that behaves smarter, not the data. While this approach is useful for supporting data consistency, it doesn’t help much with the conference mapping example.
Another approach to making Web applications a bit smarter is to write program code in a general-purpose language (e.g., C, Perl, Java, Lisp, Python, or XSLT) that keeps data from different places up to date. In the hotel example, such a program would update the National Park web page whenever a change is made to a corresponding hotel page. A similar solution would allow the planet example to be more consistent. Code for this purpose is often organized in a relational database application in the form of stored procedures; in XML applications, it can be affected using a transformational language like XSLT.
These solutions are more cumbersome to implement since they require special-purpose code to be written for each linkage of data, but they have the advantage over a centralized database that they do not require all the publishers of the data to agree on and share a single data source. Furthermore, such approaches could provide a solution to the conference mapping problem by transforming data from one source to another. Just as in the query/presentation solution, this solution does not make the data any smarter; it just puts an informed infrastructure around the data, whose job it is to keep the various data sources consistent.
The common trend in these solutions is to move away from having the presentation of the data (for human eyes) be the primary representation of the data; that is, they move from having a web site be a collection of pages to having a web site be a collection of data, from which the web page presentations are generated. The application focuses not on the presentation but on the subjects of the presentation. It is in this sense that these applications are semantic applications; they explicitly represent the relationships that underlie the application and generate presentations as needed.
A distributed web of data
The Semantic Web takes this idea one step further, applying it to the Web as a whole. The current Web infrastructure supports a distributed network of web pages that can refer to one another with global links called Uniform Resource Locators (URLs). As we have seen, sophisticated web sites replace this structure locally with a database or XML backend that ensures consistency within that page.
The main idea of the Semantic Web is to support a distributed Web at the level of the data rather than at the level of the presentation. Instead of having one web page point to another, one data item can point to another, using global references called Uniform Resource Identifiers (URIs). The Web infrastructure provides a data model whereby information about a single entity can be distributed over the Web. This distribution allows the Mongotel example and the conference hotel example to work like the astronomy example, even though the information is distributed over web sites controlled by more than one organization. The single, coherent data model for the application is not held inside one application but rather is part of the Web infrastructure. When Mongotel publishes information about its hotels and their locations, it doesn’t just publish a human-readable presentation of this information but instead a distributable, machine-readable description of the data. The data model that the Semantic Web infrastructure uses to represent this distributed web of data is called the Resource Description Framework (RDF) and is the topic of Chapter 3.
This single, distributed model of information is the contribution that the Semantic Web infrastructure brings to a smarter Web. Just as is the case with data-backed Web applications, the Semantic Web infrastructure allows the data to drive the presentation so that various web pages (presentations) can provide views into a consistent body of information. In this way, the Semantic Web helps data not be so dumb.

Features of a Semantic Web
The World Wide Web was the result of a radical new way of thinking about sharing information. These ideas seem familiar now, as the Web itself has become pervasive. But this radical new way of thinking has even more profound ramifications when it is applied to a web of data like the Semantic Web. These ramifications have driven many of the design decisions for the Semantic Web Standards and have a strong influence on the craft of producing quality Semantic Web applications.
Give me a voice …
On the World Wide Web, publication is by and large in the hands of the content producer. People can build their own web page and say whatever they want on it. A wide range of opinions on any topic can be found; it is up to the reader to come to a conclusion about what to believe. The Web is the ultimate example of the warning caveat emptor (“Let the buyer beware”). This feature of the Web is so instrumental in its character that we give it a name: the AAA Slogan: “A nyone can say A nything about A ny topic.”
In a web of documents, the AAA slogan means that anyone can write a page saying whatever they please, and publish it to the Web infrastructure. In the case of the Semantic Web, it means that our data infrastructure has to allow any individual to express a piece of data about some entity in a way that can be combined with information from other sources. This requirement sets some of the foundation for the design of RDF.
It also means that the Web is like a data wilderness—full of valuable treasure, but overgrown and tangled. Even the valuable data that you can find can take any of a number of forms, adapted to its own part of the wilderness. In contrast to the situation in a large, corporate data center, where one database administrator rules with an iron hand over any addition or modification to the database, the Web has no gatekeeper. Anything and everything can grow there. A distributed web of data is an organic system, with contributions coming from all sources. While this can be maddening for someone trying to make sense of information on the Web, this freedom of expression on the Web is what allowed it to take off as a bottom-up, grassroots phenomenon.

… So I may speak!
In the early days of the document Web, it was common for skeptics, hearing for the first time about the possibilities of a worldwide distributed web full of hyperlinked pages on every topic, to ask, “But who is going to create all that content? Someone has to write those web pages!”
To the surprise of those skeptics, and even of many proponents of the Web, the answer to this question was that everyone would provide the content. Once the Web infrastructure was in place (so that Anyone could say Anything about Any topic), people came out of the woodwork to do just that. Soon every topic under the sun had a web page, either official or unofficial. It turns out that a lot of people had something to say, and they were willing to put some work into saying it. As this trend continued, it resulted in collaborative “crowdsourced” resources like Wikipedia and the Internet Movie DataBase (IMDB)—collaboratively edited information sources with broad utility.
The document Web grew because of a virtuous cycle that is called the network effect. In a network of contributors like the Web, the infrastructure made it possible for anyone to publish, but what made it desirable for them to do so? At one point in the Web, when Web browsers were a novelty, there was not much incentive to put a page on this new thing called “the Web”; after all, who was going to read it? Why do I want to communicate to them? Just as it isn’t very useful to be the first kid on the block to have a fax machine (whom do you exchange faxes with?), it wasn’t very interesting to be the first kid with a Web server.
But because a few people did have Web servers, and a few more got Web browsers, it became more attractive to have both web pages and Web browsers. Content providers found a larger audience for their work; content consumers found more content to browse. As this trend continued, it became more and more attractive, and more people joined in, on both sides. This is the basis of the network effect: The more people who are playing now, the more attractive it is for new people to start playing.
A good deal of the information that populates the Semantic Web started out on the document Web, sometimes in the form of tables, spreadsheets, or databases, and sometimes as organized group efforts like Wikipedia. Who is doing the work of converting this data to RDF for distributed access? In the earliest days of the Semantic Web there was little incentive to do so, and it was done primarily by vanguards who had an interest in Semantic Web technology itself. As more and more data is available in RDF form, it becomes more useful to write applications that utilize this distributed data. Already there are several large, public data sources available in RDF, including an RDF image of Wikipedia called dbpedia, and a surprisingly large number of government datasets. Small retailers publish information about their offerings using a Semantic Web format called RDFa. Facebook allows content managers to provide structured data using RDFa and a format called the Open Graph Protocol. The presense of these sorts of data sources makes it more useful to produce data in linked form for the Semantic Web. The Semantic Web design allows it to benefit from the same network effect that drove the document Web.


What about the round-worlders?
The network effect has already proven to be an effective and empowering way to muster the effort needed to create a massive information network like the World Wide Web; in fact, it is the only method that has actually succeeded in creating such a structure. The AAA slogan enables the network effect that made the rapid growth of the Web possible. But what are some of the ramifications of such an open system? What does the AAA slogan imply for the content of an organically grown web?
For the network effect to take hold, we have to be prepared to cope with a wide range of variance in the information on the Web. Sometimes the differences will be minor details in an otherwise agreed-on area; at other times, differences may be essential disagreements that drive political and cultural discourse in our society. This phenomenon is apparent in the document web today; for just about any topic, it is possible to find web pages that express widely differing opinions about that topic. The ability to disagree, and at various levels, is an essential part of human discourse and a key aspect of the Web that makes it successful. Some people might want to put forth a very odd opinion on any topic; someone might even want to postulate that the world is round, while others insist that it is flat. The infrastructure of the Web must allow both of these (contradictory) opinions to have equal availability and access.
There are a number of ways in which two speakers on the Web may disagree. We will illustrate each of them with the example of the status of Pluto as a planet:
They may fundamentally disagree on some topic. While the IAU has changed its definition of planet in such a way that Pluto is no longer included, it is not necessarily the case that every astronomy club or even national body agrees with this categorization. Many astrologers, in particular, who have a vested interest in considering Pluto to be a planet, have decided to continue to consider Pluto as a planet. In such cases, different sources will simply disagree.

Someone might want to intentionally deceive. Someone who markets posters, models, or other works that depict nine planets has a good reason to delay reporting the result from the IAU and even to spreading uncertainty about the state of affairs.

Someone might simply be mistaken. Web sites are built and maintained by human beings, and thus they are subject to human error. Some web site might erroneously list Pluto as a planet or, indeed, might even erroneously fail to list one of the eight “nondwarf” planets as a planet.

Some information may be out of date. There are a number of displays around the world of scale models of the solar system, in which the status of the planets is literally carved in stone; these will continue to list Pluto as a planet until such time as there is funding to carve a new description for the ninth object. Web sites are not carved in stone, but it does take effort to update them; not everyone will rush to accomplish this.



While some of the reasons for disagreement might be, well, disagreeable (wouldn’t it be nice if we could stop people from lying?), in practice there isn’t any way to tell them apart. The infrastructure of the Web has to be able to cope with the fact that information on the Web will disagree from time to time and that this is not a temporary condition. It is in the very nature of the Web that there be variations and disagreement.
The Semantic Web is often mistaken for an effort to make everyone agree on a single ontology—but that just isn’t the way the Web works. The Semantic Web isn’t about getting everyone to agree, but rather about coping in a world where not everyone will agree, and achieving some degree of interoperability nevertheless. There will always be multiple ontologies, just as there will always be multiple web pages on any given topic. The Web is innovative because it allows all these multiple viewpoints to coexist.

To each their own
How can the Web infrastructure support this sort of variation of opinion? That is, how can two people say different things, about the same topic? There are two approaches to this issue. First, we have to talk a bit about how one can make any statement at all in a web context.
The IAU can make a statement in plain English about Pluto, such as “Pluto is a dwarf planet,” but such a statement is fraught with all the ambiguities and contextual dependencies inherent in natural language. We think we know what “Pluto” refers to, but how about “dwarf planet”? Is there any possibility that someone might disagree on what a “dwarf planet” is? How can we even discuss such things?
The first requirement for making statements on a global web is to have a global way of identifying the entities we are talking about. We need to be able to refer to “the notion of Pluto as used by the IAU” and “the notion of Pluto as used by the American Federation of Astrologers” if we even want to be able to discuss whether the two organizations are referring to the same thing by these names.
In addition to Pluto, another object was also classified as a “dwarf planet.” This object is sometimes known as UB313 and sometimes known by the name Xena. How can we say that the object known to the IAU as UB313 is the same object that its discoverer Michael Brown calls “Xena”?
One way to do this would be to have a global arbiter of names decide how to refer to the object. Then Brown and the IAU can both refer to that “official” name and say that they use a private “nickname” for it. Of course, the IAU itself is a good candidate for such a body, but the process to name the object has taken over two years. Coming up with good, agreed-on global names is not always easy business.
In the absence of such an agreement, different Web authors will select different URIs for the same real-world resource. Brown’s Xena is IAU’s UB313. When information from these different sources is brought together in the distributed network of data, the Web infrastructure has no way of knowing that these need to be treated as the same entity. The flip side of this is that we cannot assume that just because two URIs are distinct, they refer to distinct resources. This feature of the Semantic Web is called the Nonunique Naming Assumption; that is, we have to assume (until told otherwise) that some Web resource might be referred to using different names by different people. It’s also crucial to note that there are times when unique names might be nice, but it may be impossible. Some other organization than the IAU, for example, might decide they are unwilling to accept the new nomenclature. 

There’s always one more
In a distributed network of information, as a rule we cannot assume at any time that we have seen all the information in the network, or even that we know everything that has been asserted about one single topic. This is evident in the history of Pluto and UB313. For many years, it was sufficient to say that a planet was defined as “any object of a particular size orbiting the sun.” Given the information available during that time, it was easy to say that there were nine planets around the sun. But the new information about UB313 changed that; if a planet is defined to be any body that orbits the sun of a particular size, then UB313 had to be considered a planet, too. Careful speakers in the late twentieth century, of course, spoke of the “known” planets, since they were aware that another planet was not only possible but even suspected (the so-called “Planet X,” which stood in for the unknown but suspected planet for many years).
The same situation holds for the Semantic Web. Not only might new information be discovered at any time (as is the case in solar system astronomy), but, because of the networked nature of the Web, at any one time a particular server that holds some unique information might be unavailable. For this reason, on the Semantic Web we can rarely conclude things like “there are nine planets,” since we don’t know what new information might come to light.
In general, this aspect of a Web has a subtle but profound impact on how we draw conclusions from the information we have. It forces us to consider the Web as an Open World and to treat it using the Open World Assumption. An Open World in this sense is one in which we must assume at any time that new information could come to light, and we may draw no conclusions that rely on assuming that the information available at any one point is all the information available.
For many applications, the Open World Assumption makes no difference; if we draw a map of all the Mongotel hotels in Boston, we get a map of all the ones we know of at the time. The fact that Mongotel might have more hotels in Boston (or might open a new one) does not invalidate the fact that it has the ones it already lists. In fact, for a great deal of Semantic Web applications, we can ignore the Open World Assumption and simply understand that a semantic application, like any other web page, is simply reporting on the information it was able to access at one time.
The openness of the Web only becomes an issue when we want to draw conclusions based on distributed data. If we want to place Boston in the list of cities that are not served by Mongotel (e.g., as part of a market study of new places to target Mongotels), then we cannot assume that just because we haven’t found a Mongotel listing in Boston, no such hotel exists.
As we shall see in the following chapters, the Semantic Web includes features that correspond to all the ways of working with Open Worlds that we have seen in the real world. We can draw conclusions about missing Mongotels if we say that some list is a comprehensive list of all Mongotels. We can have an anonymous “Planet X” stand in for an unknown but anticipated entity. These techniques allow us to cope with the Open World Assumption in the Semantic Web, just as they do in the Open World of human knowledge.
When will the Semantic Web arrive? It already has. In selecting candidate examples for this second edition, we had to pick and choose from a wide range of Semantic Web deployments. We devote two chapters to in-depth studies of these deployments “in the wild.” In Chapter 9, we see how the US government shares data about its operations in a flexible way and how Facebook uses the Semantic Web to link pages from all over the web into its network. Chapter 13 shows how the Semantic Web is used by thousands of e-commerce web pages to make information available to mass markets through major search engines and how scientific communities share key information about engineering, chemistry, and biology. The Semantic Web is here today.


Summary
The aspects of the Web we have outlined here—the AAA slogan, the network effect, nonunique naming, and the Open World Assumption—already hold for the document Web. As a result, the Web today is something of an unruly place, with a wide variety of different sources, organizations, and styles of information. Effective and creative use of search engines is something of a craft; efforts to make order from this include community efforts like social bookmarking and community encyclopedias to automated methods like statistical correlations and fuzzy similarity matches.
For the Semantic Web, which operates at the finer level of individual statements about data, the situation is even wilder. With a human in the loop, contradictions and inconsistencies in the document Web can be dealt with by the process of human observation and application of common sense. With a machine combining information, how do we bring any order to the chaos? How can one have any confidence in the information we merge from multiple sources? If the document Web is unruly, then surely the Semantic Web is a jungle—a rich mass of interconnected information, without any road map, index, or guidance.
How can such a mess become something useful? That is the challenge that faces the working ontologist. Their medium is the distributed web of data; their tools are the Semantic Web languages RDF, RDFS, SPARQL, SKOS, and OWL. Their craft is to make sensible, usable, and durable information resources from this medium. We call that craft modeling, and it is the centerpiece of this book.
The cover of this book shows a system of channels with water coursing through them. If we think of the water as the data on the Web, the channels are the model. If not for the model, the water would not flow in any systematic way; there would simply be a vast, undistinguished expanse of water. Without the water, the channels would have no dynamism; they have no moving parts in and of themselves. Put the two together, and we have a dynamic system. The water flows in an orderly fashion, defined by the structure of the channels. This is the role that a model plays in the Semantic Web.
Without the model, there is an undifferentiated mass of data; there is no way to tell which data can or should interact with other data. The model itself has no significance without data to describe it. Put the two together, however, and you have a dynamic web of information, where data flow from one point to another in a principled, systematic fashion. This is the vision of the Semantic Web—an organized worldwide system where information flows from one place to another in a smooth but orderly way.
Fundamental concepts
The following fundamental concepts were introduced in this chapter.
The AAA slogan—Anyone can say Anything about Any topic. One of the basic tenets of the Web in general and the Semantic Web in particular.

Open world/Closed world—A consequence of the AAA slogan is that there could always be something new that someone will say; this means that we must assume that there is always more information that could be known. 

Nonunique naming—Since the speakers on the Web won’t necessarily coordinate their naming efforts, the same entity could be known by more than one name.

The network effect—The property of a web that makes it grow organically. The value of joining in increases with the number of people who have joined, resulting in a virtuous cycle of participation.

The data wilderness—The condition of most data on the web. It contains valuable information, but there is no guarantee that it will be orderly or readily understandable.
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What would you call a world in which any number of people can speak, when you never know who has something useful to say, and when someone new might come along at any time and make a valuable but unexpected contribution? What if just about everyone had the same goal of advancing the collaborative state of knowledge of the group, but there was little agreement (at first, anyway) about how to achieve it?
If your answer is “That sounds like the Semantic Web!” you are right (and you must have read Chapter 1). If your answer is “It sounds like any large group trying to understand a complex phenomenon,” you are even more right. The jungle that is the Semantic Web is not a new thing; this sort of chaos has existed since people first tried to make sense of the world around them.
What intellectual tools have been successful in helping people sort through this sort of tangle? Any number of analytical tools has been developed over the years, but they all have one thing in common: They help people understand their world by forming an abstract description that hides certain details while illuminating others. These abstractions are called models, and they can take many forms.
How do models help people assemble their knowledge? Models assist in three essential ways:
1. Models help people communicate. A model describes the situation in a particular way that other people can understand.

2. Models explain and make predictions. A model relates primitive phenomena to one another and to more complex phenomena, providing explanations and predictions about the world.

3. Models mediate among multiple viewpoints. No two people agree completely on what they want to know about a phenomenon; models represent their commonalities while allowing them to explore their differences.



The Semantic Web standards have been created not only as a medium in which people can collaborate by sharing information but also as a medium in which people can collaborate on models. Models that they can use to organize the information that they share. Models that they can use to advance the common collection of knowledge. 
How can a model help us find our way through the mess that is the Web? How do these three features help? The first feature, human communication, allows people to collaborate on their understanding. If someone else has faced the same challenge that you face today, perhaps you can learn from their experience and apply it to yours. There are a number of examples of this in the Web today, of newsgroups, mailing lists, and wikis where people can ask questions and get answers. In the case in which the information needs are fairly uniform, it is not uncommon for a community or a company to assemble a set of “Frequently Asked Questions,” or FAQs, that gather the appropriate knowledge as answers to these questions. As the number of questions becomes unmanageable, it is not uncommon to group them by topic, by task, by affected subsystem, and so forth. This sort of activity, by which information is organized for the purpose of sharing, is the simplest and most common kind of modeling, with the sole aim of helping a group of people collaborate in their effort to sort through a complex set of knowledge.
The second feature, explanation and prediction, helps individuals make their own judgments based on information they receive. FAQs are useful when there is a single authority that can give clear answers to a question, as is the case for technical assistance for using some appliance or service. But in more interpretive situations, someone might want or need to draw a conclusion for themselves. In such a situation, a simple answer as given in a FAQ is not sufficient. Politics is a common example from everyday life. Politicians in debate do not tell people how to vote, but they try to convince them to vote in one way or another. Part of that convincing is done by explaining their position and allowing the individual to evaluate whether that explanation holds true to their own beliefs about the world. They also typically make predictions: If we follow this course of action, then a particular outcome will follow. Of course, a lot more goes into political persuasion than the argument, but explanation and prediction are key elements of a persuasive argument.
Finally, the third feature, mediation of multiple viewpoints, is essential to fostering understanding in a web environment. As the web of opinions and facts grows, many people will say things that disagree slightly or even outright contradict what others are saying. Anyone who wants to make their way through this will have to be able to sort out different opinions, representing what they have in common as well as the ways in which they differ. This is one of the most essential organizing principles of a large, heterogeneous knowledge set, and it is one of the major contributions that modeling makes to helping people organize what they know.
Astrologers and the IAU agree on the planethood of Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, and Neptune. The IAU also agrees with astrologers that Pluto is a planet, but it disagrees by calling it a dwarf planet. Astrologers (or classical astronomers) do not accept the concept of dwarf planets, so they are not in agreement with the IAU, which categorizes UB313 and Ceres as such. A model for the Semantic Web must be able to organize this sort of variation, and much more, in a meaningful and manageable way.
Modeling for Human Communication
Models used for human communication have a great advantage over models that are intended for use by computers; they can take advantage of the human capacity to interpret signs to give them meaning. This means that communication models can be written in a wide variety of forms, including plain language or ad hoc images. A model can be explained by one person, amended by another, interpreted by a third person, and so on. Models written in natural language have been used in all manner of intellectual life, including science, religion, government, and mathematics.
But this advantage is a double-edged sword; when we leave it to humans to interpret the meaning of a model, we open the door for all manner of abuse, both intentional and unintentional. Legislation provides a good example of this. A governing body like a parliament or a legislature enacts laws that are intended to mediate rights and responsibilities between various parties. Legislation typically sets up some sort of model of a situation, perhaps involving money (e.g., interest caps, taxes); access rights (who can view what information, how can information be legally protected); personal freedom (how freely can one travel across borders, when does the government have the right to restrict a person’s movements); or even the structure of government itself (who can vote and how are those votes counted, how can government officials be removed from office). These models are painstakingly written in natural language and agreed on through an elaborate process (which is also typically modeled in natural language).
It is well known to anyone with even a passing interest in politics that good legislation is not an easy task and that crafting the words carefully for a law or statute is very important. The same flexibility of interpretation that makes natural language models so flexible also makes it difficult to control how the laws will be interpreted in the future. When someone else reads the text, they will have their own background and their own interests that will influence how they interpret any particular model. This phenomenon is so widespread that most government systems include a process (usually involving a court magistrate and possibly a committee of citizens) whereby disputes over the interpretation of a law or its applicability can be resolved.
When a model relies on particulars of the context of its reader for interpretation of its meaning, as is the case in legislation, we say that a model is informal. That is, the model lacks a formalism whereby the meaning of terms in the model can be uniquely defined.
In the document web today, there are informal models that help people communicate about the organization of the information. It is common for commerce web sites to organize their wares in catalogs with category names like “web-cams,” “Oxford shirts,” and “Granola.” In such cases, the communication is primarily one way; the catalogue designer wants to communicate to the buyers the information that will help them find what they want to buy. The interpretation of these words is up to the buyers. The effectiveness of such a model is measured by the degree to which this is successful. If enough people interpret the categories in a way similar enough to the intent of the cataloguer, then they will find what they want to buy. There will be the occasional discrepancy like “Why wasn’t that item listed as a webcam?” or “That’s not granola, that’s just plain cereal!” But as long as the interpretation is close enough, the model is successful.
A more collaborative style of document modeling comes in the form of community tagging. A number of web sites have been successful by allowing users to provide meaningful symbolic descriptions of their content in the form of tags. A tag in this sense is simply a single word or short phrase that describes some aspect of the content. Examples of tagging systems include Flickr for photos and del.icio.us for Web bookmarks. The idea of community tagging is that each individual who provides content will describe it using tags of their own choosing. If any two people use the same tag, this becomes a common organizing entity; anyone who is browsing for content can access information from both contributors under that tag. The tagging infrastructure shows which tags have been used by many people. Not only does this help browsers determine what tags to use in a search, but it also helps content providers to find commonly used tags that they might want to use to describe new content. Thus,  a tagging system will have a certain self-organizing character, whereby popular tags become more popular and unpopular tags remain unpopular—something like evolution by artificial selection of tags.
Tagging systems of this sort provide an informal organization to a large body of heterogeneous information. The organization is informal in the sense that the interpretation of the tags requires human processing in the context of the consumer. Just because a tag is popular doesn’t mean that everyone is using it in the same way. In fact, the community selection process actually selects tags that are used in several different ways, whether they are compatible or not. As more and more people provide content, the popular tags saturate with a wide variety of content, making them less and less useful as discriminators for people browsing for content. This sort of problem is inherent in information modeling systems; since there isn’t an objective description of the meaning of a symbol outside the context of the provider and consumer of the symbol, the communication power of that symbol degrades as it is used in more and more contexts.
Formality of a model isn’t a black-and-white judgment; there can be degrees of formality. This is clear in legal systems, where it is common to have several layers of legislation, each one giving objective context for the next. A contract between two parties is usually governed by some regional law that provides standard definitions for terms in the contract. Regional laws are governed by national laws, which provide constraints and definitions for their terms. National laws have their own structure, in which a constitution or a body of case law provides a framework for new decisions and legislation. Even though all these models are expressed in natural language and fall back on human interpretation in the long run, they can be more formal than private agreements that rely almost entirely on the interpretation of the agreeing parties.
This layering of informal models sometimes results in a modeling style that is reminiscent of Talmudic scholarship. The content of the Talmud includes not only the original scripture but also interpretative comments on the scripture by authoritative sources (classical rabbis). Their comments have gained such respect that they are traditionally published along with the original scripture for comment by later rabbis, whose comments in turn have become part of the intellectual tradition. The original scripture, along with all the authoritative comments, is collectively called the Talmud, and it is the basis of a classical Jewish education to this day.
A similar effect happens with informal models. The original model is appropriate in some context, but as its use expands beyond that context, further models are required to provide common context to explicate the shared meaning. But if this further exposition is also informal, then there is the risk that its meaning will not be clear, so further modeling must be done to clarify that. This results in heavily layered models, in which the meaning of the terms is always subject to further interpretation. It is the inherent ambiguity of natural language at each level that makes the next layer of commentary necessary until the degree of ambiguity is “good enough” that no more levels are needed. When it is possible to choose words that are evocative and have considerable agreement, this process converges much more quickly.
Human communication, as a goal for modeling, allows it to play a role in the ongoing collection of human knowledge. The levels of communication can be quite sophisticated, including the collection of information used to interpret other information. In this sense, human communication is the fundamental requirement for building a Semantic Web. It allows people to contribute to a growing body of knowledge and then draw from it. But communication is not enough; to empower a web of human knowledge, the information in a model needs to be organized in such a way that it can be useful to a wide range of consumers. 

Explanation and Prediction
Models are used to organize human thought in the form of explanations. When we understand how a phenomenon results from other basic principles, we gain a number of advantages. Not least is the feeling of confidence that we have actually understood it; people often claim to “have a grasp on” or “have their head around” an idea when they finally understand it. Explanation plays a major role in this sort of understanding. Explanation also assists in memory; it is easier to remember that putting a lid on a flaming pot can quench the flame if one knows the explanation that fire requires air to burn. Most important for the context of the Semantic Web, explanation makes it easier to reuse a model in whole or in part; an explanation relates a conclusion to more basic principles. Understanding how a pot lid quenches a fire can help one understand how a candle snuffer works. Explanation is the key to understanding when a model is applicable and when it is not.
Closely related to this aspect of a model is the idea of prediction. When a model provides an adequate explanation of a phenomenon, it can also be used to make predictions. This aspect of models is what makes their use central to the scientific method, where falsification of predictions made by models forms the basis of the methodology of inquiry.
Explanation and prediction typically require models with a good deal more formality than is usually required for human communication. An explanation relates a phenomenon to “first principles”; these principles, and the rules by which they are related, do not depend on interpretation by the consumer but instead are in some objective form that stands outside the communication. Such an objective form, and the rules that govern how it works, is called a formalism.
Formal models are the bread and butter of mathematical modeling, in which very specific rules for calculation and symbol manipulation govern the structure of a mathematical model and the valid ways in which one item can refer to another. Explanations come in the form of proofs, in which steps from premises (stated in some formalism) to conclusions are made according to strict rules of transformation for the formalism. Formal models are used in many human intellectual endeavors, wherever precision and objectivity are required.
Formalisms can also be used for predictions. Given a description of a situation in some formalism, the same rules that govern transformations in proofs can be used to make predictions. We can explain the trajectory of an object thrown out of a window with a formal model of force, gravity, speed, and mass, but given the initial conditions of the object thrown, we can also compute, and thus predict, its trajectory.
Formal prediction and explanation allow us to evaluate when a model is applicable. Furthermore, the formalism allows that evaluation to be independent of the listener. One can dispute the result that 2 + 2 = 4 by questioning just what the terms “2,” “4,” “+,” and “=” mean, but once people agree on what they mean, they cannot (reasonably) dispute that this formula is correct.
Formal modeling therefore has a very different social dynamic than informal modeling; because there is an objective reference to the model (the formalism), there is no need for the layers of interpretation that result in Talmudic modeling. Instead of layers and layers of interpretation, the buck stops at the formalism.
As we shall see, the Semantic Web standards include a small variety of modeling formalisms. Because they are formalisms, modeling in the Semantic Web need not become a process of layering interpretation on interpretation. Also, because they are formalisms, it is possible to couch explanations in the Semantic Web in the form of proofs and to use that proof mechanism to make predictions. This aspect of Semantic Web models goes by the name inference and it will be discussed in detail in Chapter 5.

Mediating Variability
In any Web setting, variability is to be expected and even embraced. The dynamics of the network effect require the ability to represent a variety of opinions. A good model organizes those opinions so that the things that are common can be represented together, while the things that are distinct can be represented as well.
Let’s take the case of Pluto as an example. From 1930 until 2006, it was considered to be a planet by astronomers and astrologers alike. After the redefinition of planet by the IAU in 2006, Pluto was no longer considered to be a planet but more specifically a dwarf planet by the IAU and by astronomers who accept the IAU as an authority. Astrologers, however, chose not to adopt the IAU convention, and they continued to consider Pluto a planet. Some amateur astronomers, mostly for nostalgic reasons, also continued to consider Pluto a planet. How can we accommodate all of these variations of opinion on the Web?
One way to accommodate them would be to make a decision as to which one is “preferred” and to control the Web so that only that position is supported. This is the solution that is most commonly used in corporate data centers, where a small group or even a single person acts as the database administrator and decides what data are allowed to live in the corporate database. This solution is not appropriate for the Web because it does not allow for the AAA slogan (see Chapter 1) that leads to the network effect.
Another way to accommodate these different viewpoints would be to simply allow each one to be represented separately, with no reference to one another at all. It would be the responsibility of the information consumer to understand how these things relate to one another and to make any connections as appropriate. This is the basis of an informal approach, and it indeed describes the state of the document web as it is today. A Web search for Pluto will turn up a wide array of articles, in which some call it a planet (e.g., astrological ones or astronomical ones that have not been updated), some call it a dwarf planet (IAU official web sites), and some that are still debating the issue. The only way a reader can come to understand what is common among these things—the notion of a planet, of the solar system, or even of Pluto itself—is through reader interpretation.
How can a model help sort this out? How can a model describe what is common about the astrological notion of a planet, the twentieth-century astronomical notion of a planet, and the post-2006 notion of a planet? The model must also allow for each of these differing viewpoints to be expressed.
Variation and classes
This problem is not a new one; it is a well-known problem in software engineering. When a software component is designed, it has to provide certain functionality, determined by information given to it at runtime. There is a trade-off in such a design; the component can be made to operate in a wide variety of circumstances, but it will require a complex input to describe just how it should behave at any one time. Or the system could be designed to work with very simple input but be useful in only a small number of very specific situations. The design of a software component inherently involves a model of the commonality and variability in the environment in which it is expected to be deployed. In response to this challenge, software methodology has developed the art of object modeling (in the context of Object-Oriented Programming, or OOP) as a means of organizing commonality and variability in software components.
One of the primary organizing tools in OOP is the notion of a hierarchy of classes and subclasses. Classes high up in the hierarchy represent functionality that is common to a large number of components; classes farther down in a hierarchy represent more specific functionality. Commonality and variability in the functionality of a set of software components is represented in a class hierarchy.
The Semantic Web standards also use this idea of class hierarchy for representing commonality and variability. Since the Semantic Web, unlike OOP, is not focused on software representation, classes are not defined in terms of behaviors of functions. But the notion of classes and subclasses remains, and it plays much the same role. High-level classes represent commonality among a large variety of entities, whereas lower-level classes represent commonality among a small, specific set of things.
Let’s take Pluto as an example. The 2006 IAU definition of planet is quite specific in requiring these three criteria for a celestial body to be considered a planet:
1. It is in orbit around the sun.

2. It has sufficient mass to be nearly round.

3. It has cleared the neighborhood around its orbit.



The IAU goes further to state that a dwarf planet is a body that satisfies conditions 1 and 2 (and not 3); a body that satisfies only condition 1 is a small solar system body (SSSB). These definitions make a number of things clear: The classes SSSB, dwarf planet, and planet are all mutually exclusive; no body is a member of any two classes. However, there is something that all of them have in common: They all are in orbit around the sun.
Twentieth-century astronomy and astrology are not quite as organized as this; they don’t have such rigorous definitions of the word planet. So how can we relate these notions to the twenty-first-century notion of planet?
The first thing we need is a way to talk about the various uses of the word planet: the IAU use, the astrological use, and the twentieth-century astronomical use. This seems like a simple requirement, but until it is met, we can’t even talk about the relationship among these terms. We will see details of the Semantic Web solution to this issue in Chapter 3, but for now, we will simply prefix each term with a short abbreviation of its source—for example, use IAU:Planet for the IAU use of the word, horo:Planet for the astrological use, and astro:Planet for the twentieth-century astronomical use.
The solution begins by noticing what it is that all three notions of planet have in common; in this case, it is that the body orbits the sun. Thus, we can define a class of the things that orbit the sun, which we may as well call solar system body, or SSB for short. All three notions are subclasses of this notion. This can be depicted graphically as in Figure 2.1.
	[image: B9780123859655100020/f02-01-9780123859655.jpg is missing]

	FIGURE 2.1 Subclass diagram for different notions of planet.




We can go further in this modeling when we observe that there are only eight IAU:Planets, and each one is also a horo:Planet and an astro:Planet. Thus, we can say that IAU:Planet is a subclass of both horo:Planet and astro:Planet, as shown in Figure 2.2. We can continue in this way, describing the relationships among all the concepts we have mentioned so far: IAU:DwarfPlanet and IAU:SSSB. As we go down the tree, each class refers to a more restrictive set of entities. In this way, we can model the commonality among entities (at the high level) while respecting their variation (at a low level). 
	[image: B9780123859655100020/f02-02-9780123859655.jpg is missing]

	FIGURE 2.2 More detailed relationships between various notions of planet.





Variation and layers
Classes and subclasses are a fine way to organize variation when there is a simple, known relationship between the modeled entities and it is possible to determine a clear ordering of classes that describes these relationships. In a Web setting, however, this usually is not the case. Each contributor can have something new to say that may fit in with previous statements in a wide variety of ways. How can we accommodate variation of sources if we can’t structure the entities they are describing into a class model?
The Semantic Web provides an elegant solution to this problem. The basic idea is that any model can be built up from contributions from multiple sources. One way of thinking about this is to consider a model to be described in layers. Each layer comes from a different source. The entire model is the combination of all the layers, viewed as a single, unified whole.
Let’s have a look at how this could work in the case of Pluto. Figure 2.3 illustrates how different communities could assert varying information about Pluto. In part (a) of the figure, we see some information about Pluto that is common among astrologers—namely, that Pluto signifies rebirth and regeneration and that the preferred symbol for referring to Pluto is the glyph indicated. Part (b) shows some information that is of concern to astronomers, including the composition of the body Pluto and their preferred symbol. How can this variation be accommodated in a web of information? The simplest way is to simply merge the two models into a single one that includes all the information from each model, as shown in part (c). 
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	FIGURE 2.3 Layers of modeled information about Pluto.




Merging models in this way is a conceptually simple thing to do, but how does it cope with variability? In the first place, it copes in the simplest way possible: It allows the astrologers and the astronomers to both have their say about Pluto (remember the AAA slogan!). For any party that is interested in both of these things (perhaps someone looking for a spiritual significance for elements?), the information can be viewed as a single, unified whole.
But merging models in this way has a drawback as well. In Figure 2.3( c), there are two distinct glyphs, each claiming to be the “preferred” symbol for Pluto. This brings up issues of consistency of viewpoints. On the face of it, this appears to be an inconsistency because, from its name, we might expect that there can be exactly one preferred symbol (prefSymbol) for any body. But how can a machine know that? For a machine, the name prefSymbol can’t be treated any differently from any other label—for instance, madeOf or signifies. In such a context, how can we even tell that this is an inconsistency? After all, we don’t think it is an inconsistency that Pluto can be composed of more than one chemical compound or that it can signify more than one spiritual theme. Do we have to describe this in a natural language commentary on the model?
Detailed answers to questions like these are exactly the reason why we need to publish models on the Semantic Web. When two (or more!) viewpoints come together in a web of knowledge, there will typically be overlap, disagreement, and confusion before there is synergy, cooperation, and collaboration. If the infrastructure of the Web is to help us to find our way through the wild stage of information sharing, an informal notion of how things fit together, or should fit together, will not suffice. It is easy enough to say that we have an intuition that states there is something special about prefSymbol that makes it different from madeOf or signifies. If we can inform our infrastructure about this distinction in a sufficiently formal way, then it can, for instance, detect discrepancies of this sort and, in some cases, even resolve them.
This is the essence of modeling in the Semantic Web: providing an infrastructure where not only can anyone say anything about any topic but the infrastructure can help a community work through the resulting chaos. A model can provide a framework (like classes and subclasses) for representing and organizing commonality and variability of viewpoints when they are known. But in advance of such an organization, a model can provide a framework for describing what sorts of things we can say about something. We might not agree on the symbol for Pluto, but we can agree that it should have just one preferred symbol.


Expressivity in Modeling
There is a trade-off when we model, and although anyone can say anything about any topic, not everyone will want to say certain things. There are those who are interested in saying details about individual entities, like the preferred symbol for Pluto or the themes in life that it signifies. Others (like that IAU) are interested in talking about categories, what belongs in a category, and how you can tell the difference. Still others (like lexicographers, information architects, and librarians) want to talk about the rules for specifying information, such as whether there can be more than one preferred label for any entity. All of these people have contributions to make to the web of knowledge, but the kinds of contributions they make are very different, and they need different tools. This difference is one of level of expressivity.
The idea of different levels of expressivity is as well known in the history of collaborative human knowledge as modeling itself. Take as an example the development of models of a water molecule, as shown in Figure 2.4. In part (a), we see a model of the water molecule in terms of the elements that make up the molecule and how many of each is present—namely, two hydrogen atoms and one oxygen atom. This model expresses important information about the molecule, and it can be used to answer a number of basic questions about water, such as calculating the mass of the molecule (given the masses of its component atoms) and what components would have to be present to be able to construct water from constituent parts.
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	FIGURE 2.4 Different expressivity of models of a water molecule.




In Figure 2.4( b), we see a model with more expressivity. Not only does this model identify the components of water and their proportions, but it also shows how they are connected in the chemical structure of the molecule. The oxygen molecule is connected to each of the hydrogen molecules, which are not (directly) connected to one another at all. This model is somewhat more expressive than the model in part (a); it can answer further questions about the molecule. From (b), it is clear that when the water molecule breaks down into smaller molecules, it can break into single hydrogen atoms (H) or into oxygen-hydrogen ions (OH) but not into double-hydrogen atoms (H2) without some recombination of components after the initial decomposition.
Finally, the model shown in Figure 2.4( c) is more expressive still in that it shows not only the chemical structure of the molecule but also the physical structure. The fact that the oxygen atom is somewhat larger than the hydrogen atoms is shown in this model. Even the angle between the two hydrogen atoms as bound to the oxygen atom is shown. This information is useful for working out the geometry of combinations of water molecules, as is the case, for instance, in the crystalline structure of ice.
Just because one model is more expressive than another does not make it superior; different expressive modeling frameworks are different tools for different purposes. The chemical formula for water is simpler to determine than the more expressive, but more complex, models, and it is useful for resolving a wide variety of questions about chemistry. In fact, most chemistry textbooks go for quite a while working only from the chemical formulas without having to resort to more structural models until the course covers advanced topics.
The Semantic Web provides a number of modeling languages that differ in their level of expressivity; that is, they constitute different tools that allow different people to express different sorts of information. In the rest of this book, we will cover these modeling languages in detail. The Semantic Web standards are organized so that each language level builds on the one before so the languages themselves are layered. The following are the languages of the Semantic Web from least expressive to most expressive.
RDF—The Resource Description Framework. This is the basic framework that the rest of the Semantic Web is based on. RDF provides a mechanism for allowing anyone to make a basic statement about anything and layering these statements into a single model. Figure 2.3 shows the basic capability of merging models in RDF. RDF has been a recommendation from the W3C since 1999.

RDFS—The RDF Schema language. RDFS is a language with the expressivity to describe the basic notions of commonality and variability familiar from object languages and other class systems—namely classes, subclasses, and properties. FIGURE 2.1 and FIGURE 2.2 illustrated the capabilities of RDFS. RDFS has been a W3C recommendation since 2004.

RDFS-Plus. RDFS-Plus is a subset of OWL that is more expressive than RDFS but without the complexity of OWL. There is no standard in progress for RDFS-Plus, but there is a growing awareness that something between RDFS and OWL could be industrially relevant. We have selected a particular subset of OWL functionality to present the capabilities of OWL incrementally. RDFS-Plus includes enough expressivity to describe how certain properties can be used and how they relate to one another. RDFS-Plus is expressive enough to show the utility of certain constructs beyond RDFS, but it lacks the complexity that makes OWL daunting to many beginning modelers. The issue of uniqueness of the preferred symbol is an example of the expressivity of RDFS-Plus.

OWL. OWL brings the expressivity of logic to the Semantic Web. It allows modelers to express detailed constraints between classes, entities, and properties. OWL was adopted as a recommendation by the W3C in 2004, with a second version adopted in 2009.




Summary
The Semantic Web, just like the document web that preceded it, is based on some radical notions of information sharing. These ideas—the AAA slogan, the open world assumption, and nonunique naming—provide for an environment in which information sharing can thrive and a network effect of knowledge synergy is possible. But this style of information gathering creates a chaotic landscape rife with confusion, disagreement, and conflict. How can the infrastructure of the Web support the development from this chaotic state to one characterized by information sharing, cooperation, and collaboration?
The answer to this question lies in modeling. Modeling is the process of organizing information for community use. Modeling supports this in three ways: It provides a framework for human communication, it provides a means for explaining conclusions, and it provides a structure for managing varying viewpoints. In the context of the Semantic Web, modeling is an ongoing process. At any point in time, some knowledge will be well structured and understood, and these structures can be represented in the Semantic Web modeling language. At the same time, other knowledge will still be in the chaotic, discordant stage, where everyone is expressing himself differently. And typically, as different people provide their own opinions about any topic under the sun, the Web will simultaneously contain organized and unorganized knowledge about the very same topic. The modeling activity is the activity of distilling communal knowledge out of a chaotic mess of information. This was nicely illustrated in the Pluto example.
The next several chapters of the book introduce each of the modeling languages of the Semantic Web and illustrate how they approach the challenges of modeling in a Semantic Web context. For each modeling language—RDF, RDFS, and OWL—we will describe the technical details of how the language works, with specific examples “in the wild” of the standard in use.
Fundamental concepts
The following fundamental concepts were introduced in this chapter.
Modeling—Making sense of unorganized information.

Formality/Informality—The degree to which the meaning of a modeling language is given independent of the particular speaker or audience.

Commonality and Variability—When describing a set of things, some of them will have somem things in common (commonality), and some will have important differences (variability). Managing commonality and variability is a fundamental aspect of modeling in general, and of Semantic Web models in particular.

Expressivity—The ability of a modeling language to describe certain aspects of the world. More expressive modeling language can express a wider variety of statements about the model. Modeling languages of the Semantic Web—RDF, RDFS, and OWL—differ in their levels of expressivity.
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RDF, RDFS, and OWL are the basic representation languages of the Semantic Web, with RDF serving as the foundation. RDF addresses one fundamental issue in the Semantic Web: managing distributed data. All other Semantic Web standards build on this foundation of distributed data. RDF relies heavily on the infrastructure of the Web, using many of its familiar and proven features, while extending them to provide a foundation for a distributed network of data.
The Web that we are accustomed to is made up of documents that are linked to one another. Any connection between a document and the thing(s) in the world it describes is made only by the person who reads the document. There could be a link from a document about Shakespeare to a document about Stratford-upon-Avon, but there is no notion of an entity that is Shakespeare or linking it to the thing that is Stratford.
In the Semantic Web we refer to the things in the world as resources; a resource can be anything that someone might want to talk about. Shakespeare, Stratford, “the value of X,” and “all the cows in Texas” are all examples of things someone might talk about and that can be resources in the Semantic Web. This is admittedly a pretty odd use of the word resource, but alternatives like entity or thing, which might be more accurate, have their own issues. In any case, resource is the word used in the Semantic Web standards. In fact, the name of the base technology in the Semantic Web (RDF) uses this word in an essential way. RDF stands for Resource Description Framework.
In a web of information, anyone can contribute to our knowledge about a resource. It was this aspect of the current Web that allowed it to grow at such an unprecedented rate. To implement the Semantic Web, we need a model of data that allows information to be distributed over the Web.
Distributing Data across the Web
Data are most often represented in tabular form, in which each row represents some item we are describing, and each column represents some property of those items. The cells in the table are the particular values for those properties. Table 3.1 shows a sample of some data about works completed around the time of Shakespeare.
Table 3.1 Tabular Data about Elizabethan Literature and Music
	ID	Title	Author	Medium	Year
	1	As You Like It	Shakespeare	Play	1599
	2	Hamlet	Shakespeare	Play	1604
	3	Othello	Shakespeare	Play	1603
	4	“Sonnet 78”	Shakespeare	Poem	1609
	5	Astrophil and Stella	Sir Phillip Sidney	Poem	1590
	6	Edward II	Christopher Marlowe	Play	1592
	7	Hero and Leander	Christopher Marlowe	Poem	1593
	8	Greensleeves	Henry VIII Rex	Song	1525


Let’s consider a few different strategies for how these data could be distributed over the Web. In all of these strategies, some part of the data will be represented on one computer, while other parts will be represented on another. Figure 3.1 shows one strategy for distributing information over many machines. Each networked machine is responsible for maintaining the information about one or more complete rows from the table. Any query about an entity can be answered by the machine that stores its corresponding row. One machine is responsible for information about “Sonnet 78” and Edward II, whereas another is responsible for information about As You Like It.
	[image: B9780123859655100032/f03-01-9780123859655.jpg is missing]

	FIGURE 3.1 Distributing data across the Web, row by row.




This distribution solution provides considerable flexibility, since the machines can share the load of representing information about several individuals. But because it is a distributed representation of data, it requires some coordination between the servers. In particular, each server must share information about the columns. Does the second column on one server correspond to the same information as the second column on another server? This is not an insurmountable problem, and, in fact, it is a fundamental problem of data distribution. There must be some agreed-on coordination between the servers. In this example, the servers must be able to, in a global way, indicate which property each column corresponds to. 
Figure 3.2 shows another strategy, in which each server is responsible for one or more complete columns from the original table. In this example, one server is responsible for the publication dates and medium, and another server is responsible for titles. This solution is flexible in a different way from the solution of Figure 3.1. The solution in Figure 3.2 allows each machine to be responsible for one kind of information. If we are not interested in the dates of publication, we needn’t consider information from that server. If we want to specify something new about the entities (say, how many pages the manuscript is), we can add a new server with that information without disrupting the others.
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	FIGURE 3.2 Distributing data across the Web, column by column.




This solution is similar to the solution in Figure 3.1 in that it requires some coordination between the servers. In this case, the coordination has to do with the identities of the entities to be described. How do I know that row 3 on one server refers to the same entity as row 3 on another server? This solution requires a global identifier for the entities being described.
The strategy outlined in Figure 3.3 is a combination of the previous two strategies, in which information is neither distributed row by row nor column by column but instead is distributed cell by cell. Each machine is responsible for some number of cells in the table. This system combines the flexibility of both of the previous strategies. Two servers can share the description of a single entity (in the figure, the year and title of Hamlet are stored separately), and they can share the use of a particular property (in Figure 3.3, the Mediums of rows 6 and 7 are represented on different servers).
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	FIGURE 3.3 Distributing data across the Web, cell by cell.




This flexibility is required if we want our data distribution system to really support the AAA slogan that “Anyone can say Anything about Any topic.” If we take the AAA slogan seriously, any server needs to be able to make a statement about any entity (as is the case in Figure 3.2), but also any server needs to be able to specify any property of an entity (as is the case in Figure 3.1). The solution in Figure 3.3 has both of these benefits. 
But this solution also combines the costs of the other two strategies. Not only do we now need a global reference for the column headings, but we also need a global reference for the rows. In fact, each cell has to be represented with three values: a global reference for the row, a global reference for the column, and the value in the cell itself. This third strategy is the strategy taken by RDF. We will see how RDF resolves the issue of global reference later in this chapter, but for now, we will focus on how a table cell is represented and managed in RDF.
Since a cell is represented with three values, the basic building block for RDF is called the triple. The identifier for the row is called the subject of the triple (following the notion from elementary grammar, since the subject is the thing that a statement is about). The identifier for the column is called the predicate of the triple (since columns specify properties of the entities in the rows). The value in the cell is called the object of the triple. Table 3.2 shows the triples in Figure 3.3 as subject, predicate, and object.
Table 3.2 Sample Triples
	Subject	Predicate	Object
	Row 7	Medium	Poem
	Row 2	Title	Hamlet
	Row 2	Year	1604
	Row 4	Author	Shakespeare
	Row 6	Medium	Play


Triples become more interesting when more than one triple refers to the same entity, such as in Table 3.3. When more than one triple refers to the same thing, sometimes it is convenient to view the triples as a directed graph in which each triple is an edge from its subject to its object, with the predicate as the label on the edge, as shown in Figure 3.4. The graph visualization in Figure 3.4 expresses the same information presented in Table 3.3, but everything we know about Shakespeare (either as subject or object) is displayed at a single node. 
Table 3.3 Sample Triples
	Subject	Predicate	Object
	Shakespeare	wrote	King Lear
	Shakespeare	wrote	Macbeth
	Anne Hathaway	married	Shakespeare
	Shakespeare	livedIn	Stratford
	Stratford	isIn	England
	Macbeth	setIn	Scotland
	England	partOf	UK
	Scotland	partOf	UK
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	FIGURE 3.4 Graph display of triples from Table 3.3. Eight triples appear as eight labeled edges.





Merging Data from Multiple Sources
We started off describing RDF as a way to distribute data over several sources. But when we want to use that data, we will need to merge those sources back together again. One value of the triples representation is the ease with which this kind of merger can be accomplished. Since information is represented simply as triples, merged information from two graphs is as simple as forming the graph of all of the triples from each individual graph, taken together. Let’s see how this is accomplished in RDF.
Suppose that we had another source of information that was relevant to our example from Table 3.3— that is, a list of plays that Shakespeare wrote or a list of parts of the United Kingdom. These would be represented as triples as in Tables 3.4 and 3.5. Each of these can also be shown as a graph, just as in the original table, as shown in Figure 3.5.
Table 3.4 Triples about Shakespeare’s Plays
	Subject	Predicate	Object
	Shakespeare	Wrote	As You Like It
	Shakespeare	Wrote	Henry V
	Shakespeare	Wrote	Love’s Labour's Lost
	Shakespeare	Wrote	Measure for Measure
	Shakespeare	Wrote	Twelfth Night
	Shakespeare	Wrote	The Winter’s Tale
	Shakespeare	Wrote	Hamlet
	Shakespeare	Wrote	Othello
			etc.
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	FIGURE 3.5 Graphic representation of triples describing (a) Shakespeare’s plays and (b) parts of the United Kingdom.




What happens when we merge together the information from these three sources? We simply get the graph of all the triples that show up in Figures 3.4 and 3.5. Merging graphs like those in Figures 3.4 and 3.5 to create a combined graph like the one shown in Figure 3.6 is a straightforward process—but only when it is known which nodes in each of the source graphs match. 
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	FIGURE 3.6 Combined graph of all triples about Shakespeare and the United Kingdom.





Namespaces, URIs, and Identity
The essence of the merge comes down to answering the question “When is a node in one graph the same node as a node in another graph?” In RDF, this issue is resolved through the use of Uniform Resource Identifiers (URIs).
In the figures so far, we have labeled the nodes and edges in the graphs with simple names like Shakespeare or Wales. On the Semantic Web, this is not sufficient information to determine whether two nodes are really the same. Why not? Isn’t there just one thing in the universe that everyone agrees refers to as Shakespeare? When referring to agreement on the Web, never say, “everyone.” Somewhere, someone will refer not to the historical Shakespeare but to the title character of the feature film Shakespeare in Love, which bears very little resemblance to the historical figure. And “Shakespeare” is one of the more stable concepts to appear on the Web; consider the range of referents for a name like “Washington” or “Bordeaux.” To merge graphs in a Semantic Web setting, we have to be more specific: In what sense do we mean the word Shakespeare?
RDF borrows its solution to this problem from foundational Web technology—in particular, the URI. The syntax and format of a URI are familiar even to casual users of the Web today because of the special, but typical, case of the URL—for example, http://www.WorkingOntologist.org/Examples/Chapter3/Shakespeare#Shakespeare. But the significance of the URI as a global identifier for a Web resource is often not appreciated. A URI provides a global identification for a resource that is common across the Web. If two agents on the Web want to refer to the same resource, recommended practice on the Web is for them to agree to a common URI for that resource. This is not a stipulation that is particular to the Semantic Web but to the Web in general; global naming leads to global network effects.
URIs and URLs look exactly the same, and, in fact, a URL is just a special case of the URI. Why does the Web have both of these ideas? Simplifying somewhat, the URI is an identifier with global (i.e., “World Wide” in the “World Wide Web” sense) scope. Any two Web applications in the world can refer to the same thing by referencing the same URI. But the syntax of the URI makes it possible to “dereference” it—that is, to use all the information in the URI (which specifies things like server name, protocol, port number, file name, etc.) to locate a file (or a location in a file) on the Web. 1 This dereferencing succeeds if all these parts work; the protocol locates the specified server running on the specified port and so on. When this is the case, we can say that the URI is not just a URI, but it also is a URL. From the point of view of modeling, the distinction is not important. But from the point of view of having a model on the Semantic Web, the fact that a URI can potentially be dereferenced allows the models to participate in a global Web infrastructure. 
1We are primarily discussing files here, but a URI can refer to other resources. The Wikipedia article on URIs includes more than 50 different resource types that can be referenced by URIs—see http://en.wikipedia.org/wiki/URI_scheme.
RDF applies the notion of the URI to resolve the identity problem in graph merging. The application is quite simple: A node from one graph is merged with a node from another graph—exactly, if they have the same URI. On the one hand, this may seem disingenuous, “solving” the problem of node identity by relying on another standard to solve it. On the other hand, since issues of identity appear in the Web in general and not just in the Semantic Web, it would be foolish not to use the same strategy to resolve the issue in both cases.
Expressing URIs in print
URIs work very well for expressing identity on the World Wide Web, but they are typically a bit of a pain to write out in detail when expressing models, especially in print. So for the examples in this book, we use a simplified version of a URI abbreviation scheme called qnames. In its simplest form, a URI expressed as a qname has two parts: a namespace and an identifier, written with a colon between. So the qname representation for the identifier England in the namespace geo is simply geo:England. The RDF/XML standard includes elaborate rules that allow programmers to map namespaces to other URI representations (such as the familiar http:// notation). For the examples in this book, we will use the simple qname form for all URIs. It is important, however, to note that qnames are not global identifiers on the Web; only fully qualified URIs (e.g., http://www.WorkingOntologist.org/Examples/Chapter3/Shakespeare#Shakespeare) are global Web names. Thus, any representation of a qname must, in principle, be accompanied by a declaration of the namespace correspondence.
It is customary on the Web in general and part of the XML specification to insist that URIs contain no embedded spaces. For example, an identifier “part of” is typically not used in the web. Instead, we follow the InterCap convention (sometimes called CamelCase), whereby names that are made up of multiple words are transformed into identifiers without spaces by capitalizing each word. Thus, “part of” becomes partOf, “Great Britain” becomes GreatBritain, “Measure for Measure” becomes MeasureForMeasure, and so on.
There is no limitation on the use of multiple namespaces in a single source of data, or even in a single triple. Selection of namespaces is entirely unrestricted as far as the data model and standards are concerned. It is common practice, however, to refer to related identifiers in a single namespace. For instance, all of the literary or geographical information from Table 3.4 or Table 3.5 would be placed into one namespace per table, with a suggestive name—say, lit or geo—respectively. Strictly speaking, these names correspond to fully qualified URIs—for example, lit stands for http://www.WorkingOntologist.com/Examples/Chapter3/Shakespeare#, and geo stands for http://www.WorkingOntologist.com/Examples/Chapter3/geography#.
Table 3.5 Triples about the Parts of the United Kingdom
	Subject	Predicate	Object
	Scotland	part Of	The UK
	England	part Of	The UK
	Wales	part Of	The UK
	Northern Ireland	part Of	The UK
	Channel Islands	part Of	The UK
	Isle of Man	part Of	The UK


For the purposes of explaining modeling on the Semantic Web, the detailed URIs behind the qnames are not important, so for the most part, we will omit these bindings from now on. In many examples, we will take this notion of abbreviation one step further; in the cases when we use a single namespace throughout one example, we will assume there is a default namespace declaration that allows us to refer to URIs simply with a symbolic name preceded by a colon (:), such as :Shakespeare, :JamesDean, :Researcher. 
Using qnames, our triple sets now look as shown in Tables 3.6 and 3.7. Compare Table 3.6 with Table 3.4, and compare Table 3.7 with Table 3.5. But it isn’t always that simple; some triples will have to use identifiers with different namespaces, as in the example in Table 3.8, which was taken from Table 3.3.
Table 3.6 Plays of Shakespeare with Qnames
	Subject	Predicate	Object
	lit:Shakespeare	lit:wrote	lit:AsYouLikeIt
	lit:Shakespeare	lit:wrote	lit:HenryV
	lit:Shakespeare	lit:wrote	lit:LovesLaboursLost
	lit:Shakespeare	lit:wrote	lit:MeasureForMeasure
	lit:Shakespeare	lit:wrote	lit:TwelfthNight
	lit:Shakespeare	lit:wrote	lit:WintersTale
	lit:Shakespeare	lit:wrote	lit:Hamlet
	lit:Shakespeare	lit:wrote	lit:Othello
			etc.


Table 3.7 Geographical Information as Qnames
	Subject	Predicate	Object
	geo:Scotland	geo:partOf	geo:UK
	geo:England	geo:partOf	geo:UK
	geo:Wales	geo:partOf	geo:UK
	geo:NorthernIreland	geo:partOf	geo:UK
	geo:ChannelIslands	geo:partOf	geo:UK
	geo:IsleOfMan	geo:partOf	geo:UK


Table 3.8 Triples Referring to URIs with a Variety of Namespaces
	Subject	Predicate	Object
	lit:Shakespeare	lit:wrote	lit:KingLear
	lit:Shakespeare	lit:wrote	lit:MacBeth
	bio:AnneHathaway	bio:married	lit:Shakespeare
	bio:AnneHathaway	bio:livedWith	lit:Shakespeare
	lit:Shakespeare	bio:livedIn	geo:Stratford
	geo:Stratford	geo:isIn	geo:England
	geo:England	geo:partOf	geo:UK
	geo:Scotland	geo:partOf	geo:UK


In Table 3.8, we introduced a new namespace, bio:, without specifying the actual URI to which it corresponds. For this model to participate on the Web, this information must be filled in. But from the point of view of modeling, this detail is unimportant. For the rest of this book, we will assume that the prefixes of all qnames are defined, even if that definition has not been specified explicitly in print.

Standard namespaces
Using the URI as a standard for global identifiers allows for a worldwide reference for any symbol. This means that we can tell when any two people anywhere in the world are referring to the same thing.
This property of the URI provides a simple way for a standard organization (like the W3C) to specify the meaning of certain terms in the standard. As we will see in coming chapters, the W3C standards provide definitions for terms such as type, subClassOf, Class, inverseOf, and so forth. But these standards are intended to apply globally across the Semantic Web, so the standards refer to these reserved words in the same way as they refer to any other resource on the Semantic Web, as URIs.
The W3C has defined a number of standard namespaces for use with Web technologies, including xsd: for XML schema definition; xmlns: for XML namespaces; and so on. The Semantic Web is handled in exactly the same way, with namespace definitions for the major layers of the Semantic Web. Following standard practice with the W3C, we will use qnames to refer to these terms, using the following definitions for the standard namespaces.
rdf: Indicates identifiers used in RDF. The set of identifiers defined in the standard is quite small and is used to define types and properties in RDF. The global URI for the rdf namespace is http://www.w3.org/1999/02/22-rdf-syntax-ns#.

rdfs: Indicates identifiers used for the RDF Schema language, RDFS. The scope and semantics of the symbols in this namespace are the topics of future chapters. The global URI for the rdfs namespace is http://www.w3.org/2000/01/rdf-schema#.

owl: Indicates identifiers used for the Web Ontology Language, OWL. The scope and semantics of the symbols in this namespace are the topics of future chapters. The global URI for the owl namespace is http://www.w3.org/2002/07/owl#.



These URIs provide a good example of the interaction between a URI and a URL. For modeling purposes, any URI in one of these namespaces (e.g., http://www.w3.org/2000/01/rdf-schema#subClassOf, or rdfs:subClassOf for short) refers to a particular term that the W3C makes some statements about in the RDFS standard. But the term can also be dereferenced—that is, if we look at the server www.w3.org, there is a page at the location 2000/01/rdf-schema with an entry about subClassOf, giving supplemental information about this resource. From the point of view of modeling, it is not necessary that it be possible to dereference this URI, but from the point of view of Web integration, it is critical that it is.


Identifiers in the RDF Namespace
The RDF data model specifies the notion of triples and the idea of merging sets of triples as just shown. With the introduction of namespaces, RDF uses the infrastructure of the Web to represent agreements on how to refer to a particular entity. The RDF standard itself takes advantage of the namespace infrastructure to define a small number of standard identifiers in a namespace defined in the standard, a namespace called rdf.
rdf:type is a property that provides an elementary typing system in RDF. For example, we can express the relationship between several playwrights using type information, as shown in Table 3.9. The subject of rdf:type in these triples can be any identifier, and the object is understood to be a type. There is no restriction on the usage of rdf:type with types; types can have types ad infinitum, as shown in Table 3.10.
Table 3.9 Using rdf:type to Describe Playwrights
	Subject	Predicate	Object
	lit:Shakespeare	rdf:type	lit:Playwright
	lit:Ibsen	rdf:type	lit:Playwright
	lit:Simon	rdf:type	lit:Playwright
	lit:Miller	rdf:type	lit:Playwright
	lit:Marlowe	rdf:type	lit:Playwright
	lit:Wilder	rdf:type	lit:Playwright


Table 3.10 Defining Types of Names
	Subject	Predicate	Object
	lit:Playwright	rdf:type	bus:Profession
	bus:Profession	rdf:type	hr:Compensation


When we read a triple out loud (or just to ourselves), it is understandably tempting to read it (in English, anyway) in subject/predicate/object order so that the first triple in Table 3.9 would read, “Shakespeare type Playwright.” Unfortunately, this is pretty fractured syntax no matter how you inflect it. It would be better to have something like “Shakespeare has type Playwright” or maybe “The type of Shakespeare is Playwright.”
This issue really has to do with the choice of name for the rdf:type resource; if it had been called rdf:isInstanceOf instead, it would have been much easier to read out loud in English. But since we never have control over how other entities (in this case, the W3C) chose their names, we don’t have the luxury of changing these names. When we read out loud, we just have to take some liberties in adding in connecting words. So this triple can be pronounced, “Shakespeare [has] type Playwright,” adding in the “has” (or sometimes, the word “is” works better) to make the sentence into somewhat correct English.
rdf:Property is an identifier that is used as a type in RDF to indicate when another identifier is to be used as a predicate rather than as a subject or an object. We can declare all the identifiers we have used as predicates so far in this chapter as shown in Table 3.11.
Table 3.11 rdf:Property Assertions for Table 3.5, Table 3.6, Table 3.7 and Table 3.8
	Subject	Predicate	Object
	lit:wrote	rdf:type	rdf:Property
	geo:partOf	rdf:type	rdf:Property
	bio:married	rdf:type	rdf:Property
	bio:livedIn	rdf:type	rdf:Property
	bio:livedWith	rdf:type	rdf:Property
	geo:isIn	rdf:type	rdf:Property



Challenge: RDF and Tabular Data
We began this chapter by motivating RDF as a way to distribute data over the Web—in particular, tabular data. Now that we have all of the detailed mechanisms of RDF (including namespaces and triples) in place, we can revisit tabular data and show how to represent it consistently in RDF.

Challenge 1Given a table from a relational database, describing products, suppliers, and stocking information about the products (see Table 3.12), produce an RDF graph that reflects the content of Table 3.12 in such a way that the information intent is preserved but the data are now amenable for RDF operations like merging and RDF query.
Table 3.12 Sample Tabular Data for Triples
	Product
	ID	Model Number	Division	Product Line	Manufacture Location	SKU	Available
	1	ZX-3	Manufacturing support	Paper machine	Sacramento	FB3524	23
	2	ZX-3P	Manufacturing support	Paper machine	Sacramento	KD5243	4
	3	ZX-3S	Manufacturing support	Paper machine	Sacramento	IL4028	34
	4	B-1430	Control engineering	Feedback line	Elizabeth	KS4520	23
	5	B-1430X	Control engineering	Feedback line	Elizabeth	CL5934	14
	6	B-1431	Control engineering	Active sensor	Seoul	KK3945	0
	7	DBB-12	Accessories	Monitor	Hong Kong	ND5520	100
	8	SP-1234	Safety	Safety valve	Cleveland	HI4554	4
	9	SPX-1234	Safety	Safety valve	Cleveland	OP5333	14


Solution
Each row in the table describes a single entity, all of the same type. That type is given by the name of the table itself, Product. We know certain information about each of these items, based on the columns in the table itself, such as the model number, the division, and so on. We want to represent these data in RDF.
Since each row represents a distinct entity, each row will have a distinct URI. Fortunately, the need for unique identifiers is just as present in the database as it is in the Semantic Web, so there is a (locally) unique identifier available—namely, the primary table key, in this case the column called ID. For the Semantic Web, we need a globally unique identifier. The simplest way to form such an identifier is by having a single URI for the database itself (perhaps even a URL if the database is on the Web). Use that URI as the namespace for all the identifiers in the database. Since this is a database for a manufacturing company, let’s call that namespace mfg:. 
Then we can create an identifier for each line by concatenating the table name “Product” with the unique key and expressing this identifier in the mfg: namespace, resulting in identifiers mfg:Product1, mfg:Product2, and so on.
Each row in the table says several things about that item—namely, its model number, its division, and so on. To represent this in RDF, each of these will be a property that will describe the Products. But just as is the case for the unique identifiers for the rows, we need to have global unique identifiers for these properties. We can use the same namespace as we did for the individuals, but since two tables could have the same column name (but they aren’t the same properties!), we need to combine the table name and the column name. This results in properties like mfg:Product_ModelNo, mfg:Product_Division, and so on.
With these conventions in place, we can now express all the information in the table as triples. There will be one triple per cell in the table—that is, for n rows and c columns, there will be n × c triples. The data shown in Table 3.12 have 7 columns and 9 rows, so there are 63 triples, as shown in Table 3.13.
Table 3.13 Triples Representing Some of the Data in Table 3.12
	Subject	Predicate	Object
	mfg:Product1	mfg:Product_ID	1
	mfg:Product1	mfg:Product_ModelNo	ZX-3
	mfg:Product1	mfg:Product_Division	Manufacturing support
	mfg:Product1	mfg:Product_Product_Line	Paper machine
	mfg:Product1	mfg:Product_Manufacture_Location	Sacramento
	mfg:Product1	mfg:Product_SKU	FB3524
	mfg:Product1	mfg:Product_Available	23
	mfg:Product2	mfg:Product_ID	2
	mfg:Product2	mfg:Product_ModelNo	ZX-3P
	mfg:Product2	mfg:Product_Division	Manufacturing support
	mfg:Product2	mfg:Product_Product_Line	Paper machine
	mfg:Product2	mfg:Product_Manufacture_Location	Sacramento
	mfg:Product2	mfg:Product_SKU	KD5243
	mfg:Product2	mfg:Product_Available	4…


The triples in the table are a bit different from the triples we have seen so far. Although the subject and predicate of these triples are RDF resources (complete with qname namespaces!), the objects are not resources but literal data—that is, strings, integers, and so forth. This should come as no surprise, since, after all, RDF is a data representation system. RDF borrows from XML all the literal data types as possible values for the object of a triple; in this case, the types of all data are strings or integers.
The usual interpretation of a table is that each row in the table corresponds to one individual and that the type of these individuals corresponds to the name of the table. In Table 3.12, each row corresponds to a Product. We can represent this in RDF by adding one triple per row that specifies the type of the individual described by each row, as shown in Table 3.14.
Table 3.14 Triples Representing Type of Information from Table 3.12
	Subject	Predicate	Object
	mfg:Product1	rdf:type	mfg:Product
	mfg:Product2	rdf:type	mfg:Product
	mfg:Product3	rdf:type	mfg:Product
	mfg:Product4	rdf:type	mfg:Product
	mfg:Product5	rdf:type	mfg:Product
	mfg:Product6	rdf:type	mfg:Product
	mfg:Product7	rdf:type	mfg:Product
	mfg:Product8	rdf:type	mfg:Product
	mfg:Product9	rdf:type	mfg:Product


The full complement of triples from the translation of the information in Table 3.12 is shown in Figure 3.7. The types (i.e., where the predicate is rdf:type, and the object is the class mfg:Product) are shown as links in the graph; triples in which the object is a literal datum are shown (for sake of compactness in the figure) within a box labeled by their common subject.
	[image: B9780123859655100032/f03-07-9780123859655.jpg is missing]

	FIGURE 3.7 Graphical version of the tabular data from Table 3.12.










Higher-Order Relationships
It is not unusual for someone who is building a model in RDF for the first time to feel a bit limited by the simple subject/predicate/object form of the RDF triple. They don’t want to just say that Shakespeare wrote Hamlet, but they want to qualify this statement and say that Shakespeare wrote Hamlet in 1604 or that Wikipedia states that Shakespeare wrote Hamlet in 1604. In general, these are cases in which it is, or at least seems, desirable to make a statement about another statement. This process is called reification. Reification is not a problem specific to Semantic Web modeling; the same issue arises in other data modeling contexts like relational databases and object systems. In fact, one approach to reification in the Semantic Web is to simply borrow the standard solution that is commonly used in relational database schemas, using the conventional mapping from relational tables to RDF given in the preceding challenge. In a relational database table, it is possible to simply create a table with more columns to add additional information about a triple. So the statement Shakespeare wrote Hamlet is expressed (as in Table 3.1) in a single row of a table, where there is a column for the author of a work and another column for its title. Any further information about this event is done with another column (again, just as in Table 3.1). When this is converted to RDF according to the example in the Challenge, the row is represented by a number of triples, one triple per column in the database. The subject of all of these triples is the same: a single resource that corresponds to the row in the table.
An example of this can be seen in Table 3.13, where several triples have the same subject and one triple apiece for each column in the table. This approach to reification has a strong pedigree in relational modeling, and it has worked well for a wide range of modeling applications. It can be applied in RDF even when the data have not been imported from tabular form. That is, the statement Shakespeare wrote Hamlet in 1601 (disagreeing with the statement in Table 3.2) can be expressed with these three triples:
	[image: B9780123859655100032/u03-01-9780123859655.jpg is missing]


This approach works well for examples like Shakespeare wrote Hamlet in 1601, in which we want to express more information about some event or statement. It doesn’t work so well in cases like Wikipedia says Shakespeare wrote Hamlet, in which we are expressing information about the statement itself, Shakespeare wrote Hamlet. This kind of metadata about statements often takes the form of provenance (information about the source of a statement, as in this example), likelihood (expressed in some quantitative form like probability, such as It is 90 percent probable that Shakespeare wrote Hamlet), context (specific information about a project setting in which a statement holds, such as Kenneth Branagh played Hamlet in the movie), or time frame (Hamlet plays on Broadway January 11 through March 12). In such cases, it is useful to explicitly make a statement about a statement. This process, called explicit reification, is supported by the W3C RDF standard with three resources called rdf:subject, rdf:predicate, and rdf:object. 
Let’s take the example of Wikipedia says Shakespeare wrote Hamlet. Using the RDF standard, we can refer to a triple as follows:
	[image: B9780123859655100032/u03-02-9780123859655.jpg is missing]


Then we can express the relation of Wikipedia to this statement as follows:
	[image: B9780123859655100032/u03-03-9780123859655.jpg is missing]


Notice that just because we have asserted the reification triples about q:n1, it is not necessarily the case that we have also asserted the triple itself:
	[image: B9780123859655100032/u03-04-9780123859655.jpg is missing]


This is as it should be; after all, if an application does not trust information from Wikipedia, then it should not behave as though that triple has been asserted. An application that does trust Wikipedia will want to behave as though it had.

Alternatives for Serialization
So far, we have expressed RDF triples in subject/predicate/object tabular form or as graphs of boxes and arrows. Although these are simple and apparent forms to display triples, they aren’t always the most compact forms, or even the most human-friendly form, to see the relations between entities.
The issue of representing RDF in text doesn’t only arise in books and documents about RDF; it also arises when we want to publish data in RDF on the Web. In response to this need, there are multiple ways of expressing RDF in textual form.
N-Triples
The simplest form is called N-Triples and corresponds most directly to the raw RDF triples. It refers to resources using their fully unabbreviated URIs. Each URI is written between angle brackets (< and >). Three resources are expressed in subject/predicate/object order, followed by a period (.). For example, if the namespace mfg corresponds to http://www.WorkingOntologist.org/Examples/Chapter3Manufacture#, then the first triple from Table 3.14 is written in N-Triples as follows:
	[image: B9780123859655100032/u03-05-9780123859655.jpg is missing]


It is difficult to print N-Triples on a page in a book—the serialization does not allow for new lines within a triple (as we had to do here, to fit it in the page). An actual ntriple file has the whole triple on a single line. 

Turtle
In this book, we use a more compact serialization of RDF called Turtle. Turtle combines the apparent display of triples from N-Triples with the terseness of qnames. We will introduce Turtle in this section and describe just the subset required for the current examples. We will describe more of the language as needed for later examples. For a full description of Turtle, see the W3C Turtle team submission. 1
1http://www.w3.org/TeamSubmission/turtle/
Since Turtle uses qnames, there must be a binding between the (local) qnames and the (global) URIs. Hence, Turtle begins with a preamble in which these bindings are defined; for example, we can define the qnames needed in the Challenge example with the following preamble:
	[image: B9780123859655100032/u03-06-9780123859655.jpg is missing]


Once the local qnames have been defined, Turtle provides a very simple way to express a triple by listing three resources, using qname abbreviations, in subject/predicate/object order, followed by a period, such as the following:
	[image: B9780123859655100032/u03-07-9780123859655.jpg is missing]


The final period can come directly after the resource for the object, but we often put a space in front of it, to make it stand out visually. This space is optional.
It is quite common (especially after importing tabular data) to have several triples that share a common subject. Turtle provides for a compact representation of such data. It begins with the first triple in subject/predicate/object order, as before; but instead of terminating with a period, it uses a semicolon (;) to indicate that another triple with the same subject follows. For that triple, only the predicate and object need to be specified (since it is the same subject from before). The information in Tables 3.13 and 3.14 about Product1 and Product2 appears in Turtle as follows:
	[image: B9780123859655100032/u03-08-9780123859655.jpg is missing]


When there are several triples that share both subject and predicate, Turtle provides a compact way to express this as well so that neither the subject nor the predicate needs to be repeated. Turtle uses a comma (,) to separate the objects. So the fact that Shakespeare had three children named Susanna, Judith, and Hamnet can be expressed as follows:
	[image: B9780123859655100032/u03-09-9780123859655.jpg is missing]


There are actually three triples represented here—namely:
	[image: B9780123859655100032/u03-10-9780123859655.jpg is missing]


Turtle provides some abbreviations to improve terseness and readability; in this book, we use just a few of these. One of the most widely used abbreviations is to use the word a to mean rdf:type. The motivation for this is that in common speech, we are likely to say, “Product1 is a Product” or “Shakespeare is a playwright” for the triples,
	[image: B9780123859655100032/u03-11-9780123859655.jpg is missing]


respectively. Thus we will usually write instead:
	[image: B9780123859655100032/u03-12-9780123859655.jpg is missing]




RDF/XML
While Turtle is convenient for human consumption and is more compact for the printed page, many Web infrastructures are accustomed to representing information in HTML or, more generally, XML. For this reason, the W3C has recommended the use of an XML serialization of RDF called RDF/XML. The information about Product1 and Product2 just shown looks as follows in RDF/XML. In this example, the subjects (Product1 and Product2) are referenced using the XML attribute rdf:about; the triples with each of these as subjects appear as subelements within these definitions. The complete details of the RDF/XML syntax are beyond the scope of this discussion and can be found in http://www.w3.org/TR/rdf-syntax-grammar/. 
	[image: B9780123859655100032/u03-13a-9780123859655.jpg is missing]
	[image: B9780123859655100032/u03-13b-9780123859655.jpg is missing]


The same information is contained in the RDF/XML form as in the Turtle, including the declarations of the qnames for mfg: and rdf:. RDF/XML includes a number of rules for determining the fully qualified URI of a resource mentioned in an RDF/XML document. These details are quite involved and will not be used for the examples in this book.

Blank Nodes
So far, we have described how RDF can represent sets of triples, in which each subject, predicate, and object is either a source or (in the case of the object of a triple) a literal data value. Each resource is given an identity according to the Web standard for identity, the URI. RDF also allows for resources that do not have any Web identity at all. But why would we want to represent a resource that has no identity on the Web?
Sometimes we know that something exists, and we even know some things about it, but we don’t know its identity. For instance, suppose we want to represent the fact that Shakespeare had a mistress, whose identity remains unknown. But we know a few things about her; she was a woman, she lived in England, and she was the inspiration for “Sonnet 78.”
It is simple enough to express these statements in RDF, but we need an identifier for the mistress. In Turtle, we could express them as follows:
	[image: B9780123859655100032/u03-14-9780123859655.jpg is missing]


But if we don’t want to have an identifier for the mistress, how can we proceed? RDF allows for a “blank node,” or bnode for short, for such a situation. If we were to indicate a bnode with a ?, the triples would look as follows:
	[image: B9780123859655100032/u03-15-9780123859655.jpg is missing]


     The use of the bnode in RDF can essentially be interpreted as a logical statement, “there exists.” That is, in these statements we assert “there exists a woman, who lived in England, who was the inspiration for ‘Sonnet78.’”
But this notation (which does not constitute a valid Turtle expression) has a problem: If there is more than one blank node, how do we know which “?” references which node? For this reason, Turtle instead includes a compact and unambiguous notation for describing blank nodes. A blank node is indicated by putting all the triples of which it is a subject between square brackets ([ and ]), so:
	[image: B9780123859655100032/u03-16-9780123859655.jpg is missing]


It is customary, though not required, to leave blank space after the opening bracket to indicate that we are acting as if there were a subject for these triples, even though none is specified.
We can refer to this blank node in other triples by including the entire bracketed sequence in place of the blank node. Furthermore, the abbreviation of “a” for rdf:type is particularly useful in this context. Thus, our entire statement about the mistress who inspired “Sonnet 78” looks as follows in Turtle:
	[image: B9780123859655100032/u03-17-9780123859655.jpg is missing]


This expression of RDF can be read almost directly as plain English: that is, “Sonnet78 has [as] inspiration a Woman [who] lived in England.” The identity of the woman is indeterminate. The use of the bracket notation for blank nodes will become particularly important when we come to describe OWL, the Web Ontology Language, since it makes very particular use of bnodes.
Ordered information in RDF
The children of Shakespeare appear in a certain order on the printed page, but from the point of view of RDF, they are in no order at all; there are just three triples, one describing the relationship between Shakespeare and each of his children. What if we do want to specify an ordering. How would we do it in RDF?
RDF provides a facility for ordering elements in a list format. An ordered list can be expressed quite easily in Turtle as follows:
	[image: B9780123859655100032/u03-18-9780123859655.jpg is missing]


This translates into the following triples, where _:a, _:b, and _:c are bnodes:
	[image: B9780123859655100032/u03-19-9780123859655.jpg is missing]


This rendition preserves the ordering of the objects but at a cost of considerable complexity of representation. Fortunately, the Turtle representation is quite compact, so it is not usually necessary to remember the details of the RDF triples behind it.


Summary
RDF is, first and foremost, a system for modeling data. It gives up in compactness what it gains in flexibility. Every relationship between any two data elements is explicitly represented, allowing for a very simple model of merging data. There is no need to arrange the columns of tables so that they “match up” or to worry about data “missing” from a particular column. A relationship (expressed in a familiar form of subject/predicate/object) is either present or it is not. Merging data is thus reduced to a simple matter of considering all such statements from all sources, together in a single place.
The only challenge that remains in such a system is the challenge of identity. How do we have a global notation for the identity of any entity? Fortunately, this problem is not unique to the RDF data model. The infrastructure of the Web itself has the same issue and has a standard solution: the URI. RDF borrows this solution.
Since RDF is a Web language, a fundamental consideration is the distribution of information from multiple sources, across the Web. On the Web, the AAA slogan holds: Anyone can say Anything about Any topic. RDF supports this slogan by allowing any data source to refer to resources in any namespace. Even a single triple can refer to resources in multiple namespaces.
As a data model, RDF provides a clear specification of what has to happen to merge information from multiple sources. It does not provide algorithms or technology to implement those processes. These technologies are the topic of the next chapter.
Fundamental concepts
The following fundamental concepts were introduced in this chapter.
RDF (Resource Description Framework)—This distributes data on the Web.

Triple—The fundamental data structure of RDF. A triple is made up of a subject, predicate, and object.

Graph—A nodes-and-links structural view of RDF data.

Merging—The process of treating two graphs as if they were one.

URI (Uniform Resource Indicator)—A generalization of the URL (Uniform Resource Locator), which is the global name on the Web. 

namespace—A set of names that belongs to a single authority. Namespaces allow different agents to use the same word in different ways.

qname—An abbreviated version of a URI, it is made up of a namespace identifier and a name, separated by a colon.

rdf:type—The relationship between an instance and its type.

rdf:Property—The type of any property in RDF.

Reification—The practice of making a statement about another statement. It is done in RDF using rdf:subject, rdf:predicate, and rdf:object.

N-Triples, Turtle, RDF/XML—The serialization syntaxes for RDF.

Blank nodes—RDF nodes that have no URI and thus cannot be referenced globally. They are used to stand in for anonymous entities.










End of sample
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William I a:Monarch.
Henry_I a:Monarch.
:Henry_II a:Monarch.
Elizabeth_I a:Monarch.
:Elizabeth_IT a:Monarch.
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Ask:
SELECT 2property ?value
WHERE (:JamesDean ?property ?value)
; P
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plush:0ffering_1 a gr:0ffering ;
gr:includesobject plush:Quantity 1

uantity 1 a griTypeAndQuantityNode ;
gr:typeofGood plush:Service 1 ;
gr:hasUnitOfMeasurement "C62" ;
gr:amountOfThisGood = "1°

plush:Service_1 a gr:ProductOrService ;
rdfs:label "NAIL SERVICES: Manicure " .

plush
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personName rdfs:subPropertyOf rdfs:label.
:movieTitle rdfs:subPropertyOf rdfs:label.
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Ask:
SELECT 2member
WHERE (2member :

A

asParent :Joe}
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rdfs:subClassOf owl:inverseOf rdfs:superClassOf.
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c:WhatProblem a [a owl:Restriction;
owl:ionProperty hasPrerequisite;
owl:allvaluesFrom q:SelectedAnswer ].
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:Homer :wrote :Thelliad.
Thelliad a :Poem.
:Homer a :Poet.
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:Marie :borrows :Orlando.
LeavesOfGrass :signedTo :Jim.
:WutheringHeights :signedTo :
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Ask:
SELECT DISTINCT Zwho
WHERE {
SELECT (fn:concat (2nl, " “, ?n2)) AS
WHERE {
authors:WorkingOntologist dc:creator ?al
authors:WorkingOntologist dc:creator ?a2
2al authors:firstName 7nl .
2a2 authors:firstName ?n2 .
FILTER (?al != ?a2)
by
(SELECT ?probe 2who
WHERE {
2who movies:playedIn ?any .
2who rdfs:label ?probe .}}}

2probe)

T TR,
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:freeLancesTo rdfs:subPropertyOf contractsTo.
:indirectlyContractsTo rdfs:subPropertyOf contractsTo.
isEmployedBy rdfs:subPropertyOf worksFor.
:contractsTo rdfs:subPropertyOf worksFor.
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:hasSelectedOption a owl:ObjectProperty;
rdfs:subPropertyOf q:hasOption.
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Playwrights a owl:Class;
wrote :iPlays.
:ElizabethanPlays rdfs:subClassOf :Plays.
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A owl:equivalentClass B.
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q:SelectedAnswer rdfs:subClassOf
[a owl:Restriction;
owlionProperty q:enablesCandidate;
owl:allValuesFrom q:EnabledQuestion].
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lenleys rdfs:subClassOf shop
hirts rdfs:subClassOf shoj
louses rdfs:subClassOf shop
xfords rdfs:subClassOf shop:Shirts.
shirts rdfs:subClassOf shop:Shirts.
hamoisHenley rdf:type shop:Henleys.
lassicOxford rdf:type shop:Oxfords.
lassicOxford rdf:type shop:Shirts.
ikerT rdf:type shop:Tshirts.

shop:BikerT rdf:type shop:MensWear.

WomensWear .
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CONSTRUCT
CONSTRUCT
CONSTRUCT
CONSTRUCT

1
{2q1
{21
{zq1

lasSibling ?q2} WHERE {?ql :hasBrother ?q2)
:hasSibling ?q2} WHERE {2ql :hasSister 2q2}
asParent ?q2) WHERE {?ql :hasFather ?q2)
:hasParent 22} WHERE {2ql :hasMother 2q2)
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ship:QEII rdf:type ship:DepartingVessel.
ship:QEII rdf:type ship:InServiceVessel.
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3 grvalidThrough = 2011-09-04T23590-..
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3 gramountOThisGood = 10
5 grhasunitOMessurement = C62
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X
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N
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AN
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udes

@ plushiService 1

5 rdfs:comment

AIL SERVICES: Manic.

{5 rdfs:label = NAIL SERVICES: Maniic.
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lizabethTaylor :diedOn ?any}
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CONSTRUCT {?a :checkedOut ?b .

WHERE {7a :borrows ?b . )
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SELECT ?director
WHERE |(:JamesDean :playedIn Zmovie
2movie :director 2director .)
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d:NeighborsToo g:hasPrerequisite d:PTech, d:OYes.
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Ask:

SELECT (fn:concat (?first, " ", ?last) AS ?fullname)
WHERE |:WorkingOntologist dcicreator 2author
2author :firstName ?first
2author :lastName ?last

A
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hasIdentityNo rdf:type owl:FunctionalProperty.
:hasIdentityNo rdf:type owl:InverseFunctionalProperty.
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agrovoc:c_4397 skos:narrowerTransitive agrovo

=_7030 .

agrovoc:c_2746 skos:broaderTransitive agrovoc:c_7030 .
agrovoc:c_4163 skos:broaderTransitive agrovoc:c_7030 .
agrovoc:c_6443 skos:broaderTransitive agrovoc:c_7030 .
agrovoc:c_8369 skos:broaderTransitive agrovoc:c_7030 .

agrovoc:c_7030 skos:narrowerTransitive agrovoc:c_4397.
agrovoc:c_7030 skos:broaderTransitive agrovoc:c_2746 .
agrovoc:c_7030 skos:broaderTransitive agrovoc:c_4163.
agrovoc:c_7030 skos:broaderTransitive agrovoc:c_6443.
agrovoc:c 7030 skos:broaderTransitive agrovoc:o 8369,
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RimbaudsMovie owl:sameAs :Rebel.
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dependsOn rdfs:subPropertyOf :hasPrerequisite.
:hasPrerequisite rdfitype owliTransitiveProperty.
enables rdfs:subPropertyOf :prerequisiteFor.

:prerequisiteFor rdf:type owl:TransitiveProperty.
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lit:Mistressl rdf:type bio:Woman;
bio:LivedIn geo:England.
lit:Sonnet78 lit:hasInspiration lit:Mistressl.
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CONSTRUCT {?e a :Disability}
WHERE (?e a dgtwciDataEntry .
?e :disability "1" . )
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owl:sameAs rdf:type owl:SymmetricProperty.
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:Marcus :billedFor :Rooml01.
Marcus :assignedTo :Rooml01.
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chebi:CHEBI_27733 obo:has_role chebi:CHEBI_24527 .
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:Alexia :hasParent :WillemAlexander.
WillemAlexander :hasParent :Beatrix.
:Beatrix :hasParent :Wilhelmina.






OEBPS/B978012385965510010X/u10-16-9780123859655.jpg
skos:broadMatch rdfs:subPropertyOf skos:
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JDJG owl:intersectionOf
(:JudyGarlandMovieOwner :JamesDeanExclusive).






OEBPS/B9780123859655100111/u11-69-9780123859655.jpg
b:ChildOfShakespeare
a owliClass;

owliequivalentClass

rdfs:label "Child of Shakespeare";
[a owl:Restriction;

asValue b:Shakespeares_Children;
nProperty b:memberOf
1.
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Rocky a:FewMovieOwner.
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C rdfs:subClassOf :A.
:C rdfs:subClassOf :B.
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ship:QEII ship:maidenVoyage “May 2, 1969".
mfq:Productl mfg:Product_SKU “FB3524".
AnneHathaway bio:married lit:Shakespeare.
:GraduallyMix :inSameRecipe :BeatEggs.
spr:Susanna spr:hasFather spr:WilliamShakspere.
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ASK WHERE {
2argl qudt:quantityKind ?kindl .
?arg2 qudt:quantityKind ?kind2 .
2?kindl qudt

eneralization* ?kind .

?kind2 qudtigeneralization* ?kind .
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:Willem :hasParent :TheQueen.
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ASK WHERE {UNSAID {:ElizabethTaylor :diedOn ?any}}
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NAL:51747 skos:relatedMatch AGROVOC:c_7030 .
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:Poet owl:equivalentClass [a owl:Restriction;
owlionProperty :iwrote;
owl:someValuesFrom :Poem].
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eats rdfs:domain :Vegetarian.
:eats rdfs:range :VegetarianFood.
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the data set,

actor:30285 linkedmdb:actor_name "Richard Harris"
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@prefix mfg:
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gr:BusinessEntity a owl:Class
gr:0ffering a owl:Class
gr:ProductOrService a owl:Class .
grioffers
a owl:ObjectProperty ;
rdfsidomain griBusinessEntity ;
rdfs:range gr:0ffering .
gr:includes
a owl:ObjectProperty ;
rdfs:domain gr:0ffering ;
rdfs:range gr:ProductOrService .
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Alexia :hasAncestor :WillemAlexander.
:WillemAlexander :hasAncestor :Beatrix.
Alexia :hasAncestor :Beatrix.
:WillemAlexander :hasAncestor :Wilhelmina.
Alexia :hasAncestor :Wilhelmina.
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FewMovieOwner owl:equivalentClass
[a owl:Restriction;
owl:onProperty:ownsMovie;
owl:maxCardinality 3].
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Shop:ChamoisHenley
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q:hasSelectedOption rdfs:range q:
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CONSTRUCT {?a skos:exactMatch ?b}
WHERE (%a foaf:page 2page
?b foaf:page ?page .
FILTER (xsd:string (?a) > xsd:string (?b))
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d:WhatProblem a g:HighPriorityItem.
d: InternetSymptom a q:LowPriorityItem.
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myowl :superClassOf owl:inverseOf rdfs:subClassOf.
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q:SelectedAnswer a owl:Class;
rdfs:subClassOf q:Answer.
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SELECT ?county ?complaint ?laf
WHERE (
(SELECY, (fn:concat (zcomnty, *; *; Zstate] 28, 2countynsne)
WHERE
24 FWEo:violation_county zeounty .
2d FHEO:violation state 2state
)
bel 2countyname

)
2county rdfs:lal
2county a US:County
2county geo:lat 2lat .
2county geo:long ?long
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:JamesDean :playedIn 2?ql
293 :playedIn 2ql .
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292 :directedBy :JohnFord.
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CONSTRUCT {?x ?r
WHERE (?x 29 ?y .
2q rdfs:subPropertyOf ?r }
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:Playwrights :wrote :ElizabethanPlays.
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Ask:
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:Goldman :isEmployedBy :TheFirm.
Spence :freeLancesTo :TheFirm.
ndirectlyContractsTo :TheFirm.
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CONSTRUCT {?P rdfs:domain ?C .}
WHERE {?P rdfs:domain 2D .
2D rdfs:subClassof 2C .}
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:JamesDeanExclusive owl:equivalentClass
[a owl:Restriction;
owlionProperty iownsMovie;
owl:allValuesFrom :JamesDeanMovie] .
:Rocky a:JamesDeanExclusive.
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CONSTRUCT {?s ?p lit:Shakespeare. }
WHERE {?s ?p spr:WilliamShakespeare. }
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[a owl:Restriction;
owlionProperty q:enablesCandidate;
owl:allValuesFrom q:EnabledQuestion]
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b:ChildOfShakespeare a owl:Class.
IF

b:Shakespeares_Children foa
THEN

?x rdfs:type b:ChildOfShakespeare.

ember ?x
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CONSTRUCT {?ql :hasUncle 2q2}
WHERE {?q2 :hasSibling ?parent
292 a :Man .
2q1 :hasParent ?parent )
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foaf:Person rdfs:subClassOf foaf:Agent.
foaf:Group rdfs:subClassOf foaf:Agent.
foaf:Organization rdfs:subClassOf foaf:Agent.
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PaulsMovie a owl:Class;
owl:intersectionOf
(( a owl:Restriction;
owl:onProperty :ownedBy;
owl:hasValue :Paul]
:Movie) .
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{geo:Scotland lit:settingfor?play.}
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lit:Shakespeare fam:hasFather bio:JohnShakespeare.
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vocab-quantities:PotentialEnergy

qudt :generalization vocab-quantities:
vocab-quantities:ThermalEnergy
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nergyAndWork
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[a owl:Restriction;
owlionProperty P;
owl:allValuesFrom C]
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SELECT ?actor
WHERE {?actor a :Actor
UNSAID {?actor a :Producer) }
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entryl a FHEO:Disability .
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c:TvSymptom q: hasPrerequisite d:STV.
d:STV a q:SelectedAnswer.





OEBPS/B9780123859655100056/u05-015-9780123859655.jpg
Ask:
SELECT ?actress ?movie
WHERE |(:JamesDean :playedIn 2movie
2actress :playedIn ?movie .
?actress a :Woman .
2actress :playedIn ?anotherMovie
2anotherMovie :directedBy :JohnFord
Aibrsii
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bio:married rdf:type owl:SymmetricProperty.
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og:latitude rdfs:seeAlso geo:lat .
og:email rdfs:seeAlso foaf:mbox .
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bb:MinorLeaguePlayer owl:complementOf bb:MajorLeaguePlayer.
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A rdfs:subClassOf :C.
:B rdfs:subClassOf :C.
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CONSTRUCT {?r rdf:type ?b .}

WHERE (?a owl:equivalentClass ?b .

?r rdf:type ?a . }
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Ask:
SELECT ?property
WHERE {:JamesDean ?property ?value}
iy
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lit:Shakespeare lit:wrote lit:Macbeth.
lit:Macbeth lit:setIn geo:Scotland.
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GraduallyMix :inSameRecipe :
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q:CandidateQuestion owl:equivalentClass
[a owl:intersectionOf
(q:EnabledQuestion
(a owl:unionof
(q:HighPriorityQuestion
q:MediumPriorityQuestion)])].
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@ O0fficer

rdfitype "\ rdf:type
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ASK
WHERE {?a skos:related ?b
?a skos:broader* ?b }
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:OceanPort rdfs:subClassOf :City.
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owl:inverseOf owl:inverseOf owl:inverseOf.
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c:TVTurnedOn a [a owl:Restriction;
owl:onProperty hasPrerequisite;
owl:allValuesFrom q:SelectedAnswer].
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:TheTempest rdfs:subClassOf :Plays.
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:Analyst owl:equivalentClass :Researcher.
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GraduallyMix

inSameRecipe
:inSameRecipe
inSameRecipe
inSameRecipe
:inSameRecipe

\ddMilk;
CookCustard;
TurnInFreezer;
AddSugar;
:SeparateEggs;

:inSameRecipe :SliceBean;
:inSameRecipe :HeatCream;
inSameRecipe :GraduallyMix;

:inSameRecipe iChill;
:inSameRecipe :BeatEggs.
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CONSTRUCT {?a owl:sameAs ?b . }
WHERE {?p rdfitype owl:FunctionalProperty .
?x ?p ?a .
7% ?%p % . )
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d:STV a g:SelectedAnswer.
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math:hasSquare rdf:type owl:FunctionalProperty.
x math:hasSquare
:x math:hasSquare
A owl:sameAs :B.
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Vegetarian rdfs:subClassOf
[a owl:Restriction;
owlionProperty :eats;
owl:allValuesFrom :VegetarianFood].
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lit:wrote owl:inverseOf lit:writtenBy.
lit:settingFor owl:inverseOf lit:setIn.
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0 & owl:Thing
@ AlStarBaseballPlayer
@ Al1StarBaseball Tean
@ Al1starPlayer
@ MiStarTean
@ BaseballPlayer
@BasebaliTean

@ JBaliTean
@ CarpPlayer
CentralLeagueTean
© owl:Nothing
Paci ficleagueTean

Team
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hasPossession owl:inverseOf :possessedBy.
:signedout owl:inverseOf :signedTo.
borrows owl:inverseOf :lentfo.
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bb:MinorLeaguePlayer owl:intersectionOf
([ a owl:Class;
owl:complementOf bb:MajorLeaguePlayer]
bb:Player) .
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?narrow skos:broader ?broad .
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ship:Berengaria ship:maidenVoyage "June 16, 1913".
ship:QEII ship:nextDeparture "Mar 4, 2010".
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Ask:
SELECT DISTINCT Zproperty
WHERE (:JamesDean ?property ?value}
; p——"
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X 30
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CONSTRUCT {?a skos:exactMatch ?b}
WHERE (?a foaf:page 2page

?b foaf:page ?page
FILTER (22 != b))
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Playwrights :wrote :Plays.
Poets :wrote :Poems.

Shakespeare :wrote :Plays.

ModernPlays rdfs:subClassOf :Plays.
ElizabethanPlays rdfs:subClassOf :Plays.
Shakespeare :wrote :TheTempest.
:Shakespeare :wrote :Poems.
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a @ Joe
4 @ Eunice
4 Maria
4 @ John
@ Caroline
4@ Robert
4@ Ted
@ Patrick
4 @ Sargent
@ Maria
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:Paris a :City.
Zurich a :City.
:SanDiego a :City.
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?movie rdf:type :Movie .
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| Ships snextDepa e e property0r

@ foaf:person
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d:WhatProblem q:hasPriority q:High.
d:InternetSymptom q:hasPriority q:Low.
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¢:TVTurnedOn a [a owl:Restriction;
owlionProperty hasPrerequisite;
owlicardinality 2].

c:TVTurnedOn q:hasPrerequisite c:TVSnothing.

VTurnedon g:hasPrerequisite c:STVSnosound.

c:TvSnothing owl:differentFrom c:STVSnosound.

c:TvSnothing a g:SelectedAnswer.

c:STVSnosound a g:SelectedAnswer.
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sentryl a FHEO:Disability .
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:GraduallyMix :neighborStep :BeatEggs;
:neighborStep :HeatCream;
:neighborStep :CookCustard.
:CookCustard :neighborStep :Chill;
:neighborStep :GraduallyMix.

:GraduallyMix :inSameRecipe :BeatEggs;
:inSameRecipe :HeatCream;
sinSameRecipe :CookCustard.
:CookCustard :inSameRecipe :Chill;
rinSameRecipe :GraduallyMix.
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DeanAller
ra:
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:JamesDeanMovie a owl:Class;
owl:oneOf (:Giant :EastOfEden :Rebel).
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:possessedBy owl:inverseOf :hasPossession.
signedTo owl:inverseOf :signedout.
:lentTo owl:inverseOf :borrows.
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Ask:
SELECT 2movie 2date
WHERE (:JamesDean :playedIn 7m.
2m rdfs:label ?movie
2m dc:date ?date . )
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wl:Nothing
© JudyGariandHovieOwner | [@ Jamesbeantxclusive
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Caroline :hasUncle :Ted
:Maria :hasUncle :Ted .
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;author rdfs:subPropertyOf dc:creator.
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NAL:11571 skos:broadMatch AGROVOC:c_3391 .
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Ask:
SELECT ?actress
WHERE (:JamesDean :playedIn 2movie
2movie rdf:type :Movie
2actress :playedIn Zmovie .
?actress rdf:type :Woman }






OEBPS/B9780123859655100056/u05-096-9780123859655.jpg
SELECT ( expression (?other) AS ?var)
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ss:SolarPlanet rdf:type owl:Class;
owlioneOf (ssiMercury ssiVenus ssiEarth ss:Mars
ss:Jupiter ss:Saturn ss:Uranus ss:Neptune).
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actor:29753 skos:exactMatch director:8533
director:8533 skos:exactMatch actor:29753
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sales:nextDeparture rdfs:comment "This indicates the next
planned departure date for a salesperson."
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lit:Macbeth lit:writtenBy lit:Shakespeare.
geo:Scotland lit:settingFor lit:Macheth.
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lit:Shakespeare fam:hasFather bio:JohannesShakspere.
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:Maverick a :Vegetarian.
Steak a :VegetarianFood.
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d:STV a
[a owl:Restriction;
owl:onProperty q:enablesCandidate;
owl:allValuesFrom q:EnabledQuestion].





OEBPS/B9780123859655100123/u12-62-9780123859655.jpg
c:TVSymptom a [a owl:Restriction;
owl:onProperty hasPrerequisite;
owl:allValuesFrom q:SelectedAnswer].
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wow
isability
amilial_status "O"
iled_cases "1"

iling_date "2/13/2006" ;
:national_origin "0"

ational origin_hispanic "0"
irace "0 ;
ace_asian
irace_asian_and_white "0
ace_black_and_white "0"
ace_black_or_african_american "0"
ace_hawaiian_or_pacific_islander "0"
ace_native_american "0"
ace_native_american_and_black "0"
ace_native_american_and_white "0"
:race_other_multi_racial
ace_white
:religion "0
etaliation "0" ;

:sex ;

iolation_county "Kings Count:
iolation_state "New York"
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WHERE {:JamesDean :playedIn ?what .}
WHERE (?who :playedIn :Giant .
WHERE (:JamesDean ?what :Giant .}
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SELECT (COUNT (?movie) AS ?howmany)
WHERE (:JamesDean ?playedIn 2movie .)
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Ask:

SELECT 7uho
WRERE (:ganespean splayedin ’what
2what :directedBy ?who

nsw
‘GeorgeStevens,  :EliaKazan,  :NicholasRay,  :FredGuiol
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Ask:
SELECT 2title 7date
WHERE {:JamesDean :playedIn Zmovie.
2movie rdfs:label 2title .
2movie de:idate 2date . )
ORDER BY 2date
A
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lit:Shakespeare owl:sameAs spr:WilliamShakspere.
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ASK
WHERE (¢ skos:preflabel ?11
2¢ skos:preflabel ?12
FILTER (lang (211) = lang (212))
FILTER (211 1= 212)
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CONSTRUCT {2y ?q ?x}

WHERE (?p owl:inverseOf ?q .

2% 7% 2y . )
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?x rdf:type :A.
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?x hasPrerequisite ?y.
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owl:inverseOf rdf:type owl:SymmetricProperty.
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MSExcel :conformsTo
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sownsMovie a owl:ObjectProperty.
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:ThreeMovieOwner owl:equivalentClass
[a owl:Restriction;
owlionProperty :ownsMovie;
owlicardinality 3].

:Rocky a:ThreeMovieOwner.
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Willem a :Person.
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{?p p:Product_Facility ?facility.
2?p mfg:Product_Manufacture_Location ?location.}
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SanDiego a :City.
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SELECT ?service
WHERE {70 a gr:Offering ;
grieligibleCustomerTypes gr:EndUser ;
gr:includes ?s ;
grihasPriceSpecification ?ps .
2?ps gr:hasCurrencyValue ?v;
gr:hasCurrency "USD"
25 rdfs:label ?service
FILTER (2v < 20)
)
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ns:Paper_Machine rdf:type owl:Class.
Feedback_Line rdf:type owl:Class.
Active_Sensor rdf:type owl:Class.
Monitor rdf:type owl:Class.

:Safety_Valve rdf:type owl:Class.
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d:TVsymptom g:hasPriority q:High.
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Jen a:Vegetarian.
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:Jen a:Vegetarian;
‘eats :Marzipan.
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foaf:name rdfs:domain owl:Thing.
foaf:name rdfs:subProperty0Of rdfs:label.
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CONSTRUCT {?a skos:exactMatch ?b}
WHERE {?a :name ?name .

2b :name ?name .

?a :birthplace ?bplace .

?b :birthplace ?bplace .

?a :birthdate 2date .

?b :birthdate ?date

FILTER (xsd:string (?a) > xsd:string (?b))






OEBPS/B9780123859655100093/u09-25-9780123859655.jpg
foaf:mbox rdf:type owl:InverseFunctionalProperty.
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Elsie :hasParent :Lulu.
:Lulu :hasSpecies :Cow.
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c:TvSymptom a [a owl:Restriction;
owl:ionProperty hasPrerequisite;
owl:cardinality 1 J.
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US:Los_Angeles_CountyCalifornia
a US:County ;

rdfs:label "Los Angeles County, California” ;

geo:lat "34.3871821"*"xsd:float ;
geo:long "-228.1122679"""xsd:float
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fc:CivilianFacility rdfs:subClassOf cc:OffLimitsTarget.
space:NoFlyZone rdfs:subClassOf cc:OffLimitsTarget.
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borrows rdfs:subPropertyOf checkedOut.
:checkedOut owl:equivalentProperty borrows.
checkedOut rdfs:subPropertyOf borrows.
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Ask:
SELECT ?nmember
WHERE {?member :hasParent*
 E
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CONSTRUCT {?s ?p film:38599. } WHERE {?s ?p film:38599 . }
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:signedTo :rdfs:subPropertyOf :possessedBy.
borrows rdfs:subPropertyOf :hasPossession.
:possessedBy owl:inverseOf :hasPossession.
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[a owl:AllDifferent;

owlidistinctMembers (:EastOfEden
Giant
tRebel) .
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mfg:Productl ns:Paper_machine.
mfq:Productd ns:Feedback_line.
meq: Product? ns:Monitor.

mg:Product9 rdf:type ns:Safetyvalve.






OEBPS/B9780123859655100135/u13-09-9780123859655.jpg
plush:0ffering 2 a gr:Offering ;
gr:includesobject plush:Quantity 2 .
plush:Quantity 2 a gr:TypeAndQuantityNode ;

gr:typeofGood plush:Service 2 ;
gr:hasUnitOfMeasurement "HUR" ;
gr:amountOfThisGood "1.5"~"xsd:float .
plush:Service_2 a gr:ProductOrService ;
rdfs:label "Relaxing Massage" .





OEBPS/B978012385965510007X/u07-52-9780123859655.jpg
Wenger rdf:type :Analyst.
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foaf:knows rdfs:domain foaf:Person.
foaf:knows rdfs:range foaf:Person.
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533 skos:exactMatch actor:29753 .
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ship:maidenVoyage rdf:type owl:DatatypeProperty.
mfg:Product_SKU rdf:type owl:DatatypeProperty.
bio:married rdf:type owl:ObjectProperty.
inSameRecipe rdf:type owl:ObjectProperty.
spr:hasFather rdf:type owl:ObjectProperty.
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Marzipan

'egetarianFood.
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:OceanPort rdfs:subClassOf :City.





OEBPS/B9780123859655100081/u08-029-9780123859655.jpg
CONSTRUCT {?p owl:inverseOf ?p. }
WHERE (2p a owl:

ymmetricProperty .

b
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English_Monarchy
a foaf:Group;
£oaf:name "English Monarchy";
foaf :homepage "http://www.monarchy.com/";
foaf:member :William_I, :Henry I, :Henry_II,
:Elizabeth_I, :Elizabeth_II.





OEBPS/B9780123859655100123/u12-05-9780123859655.jpg
q:CandidateQuestion owl:equivalentClass
[a owl:Class;
owl:intersectionOf
(q:EnabledQuestion q:HighPriorityQuestion)].
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owl:equivalentProperty rdfs:subPropertyOf
rdfs:subPropertyof.
owl:equivalentProperty rdf:type owl:SymmetricProperty.
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SELECT (fn:concat (?county, ", ", ?state) AS ?countyname)
WHERE (
2complaint FHEOFiling:violation_county ?county
2complaint FHEOFiling:violation state ?state .
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:Wenger rdf:type :Researcher.
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hasParent +

hasSpecies
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SELECT ?actress

WHERE (:JamesDean :playedIn gl
2actress :playedIn 2ql .
2actress rdf:type :Woman .
2actress :playedIn ?q2 .

2q2 :directedBy :JohnFord .
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Ask:
SELECT ?nmember
WHERE {?member :hasParent+
;
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:Poet rdfs:subClassOf [a owl:Restriction;
owl:onProperty :wrote;
owl:somevaluesFrom :Poem) .





OEBPS/B978012385965510007X/u07-43-9780123859655.jpg





OEBPS/B9780123859655100123/u12-04-9780123859655.jpg
q:SelectedAnswer rdfs:subClassOf
[a owl:Restriction;
oul:onProperty gienablesCandidate;
owl:allValuesFrom q:EnabledQuestion].
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Woman

rdfs:subclassof

W neshaientane | @ Warriedvonan
R
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ship:nextDeparture rdfs:domain DepartingVessel.
ship:nextDeparture rdfs:domain InServiceVessel.
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hasIdentityNo rdfs:domain :Student.
:hasIdentityNo rdfs:range xsd:Integer.
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Ask:
SELECT 2last

WHERE (?who :playedIn :RebelWithoutaCause .

2who rdfs:label ?last .
2who :diedOn ?date}
ORDER BY DESC (?date)
LIMIT 1
Ky
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[a owl:Restriction;
owlionProperty P;
owl:hasValue A]





OEBPS/B9780123859655100123/u12-19-9780123859655.jpg
[a owl:Restriction;
owlionProperty :ihasPlayer;
owl:cardinality 9]
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?Q rdfs:subClassOf ?P.
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P

ROCKY: You must own at least seven movies!
PauL: How do you know that?
R
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\asPossession :MobyDick.
:Marie :hasPossession :Orlando.

Jim :hasPossession :LeavesOfGrass.
:Yoshi :hasPossession :WutheringHeights.
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owl:Class rdfs:subClassOf rdfs:Class.
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@ d:othersinbuilding

qshasprarequisied Crnasprerequizite

@ dieignborsTon
TrauEstionText = Are other customers.
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ameAs
ameAs.
ameAs.
ameAs.
ameAs.
p:Product8 owl:sameAs mfg:Product8.
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fam:hasFather rdf:type owl:FunctionalProperty.
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ship:DepartingVessel rdf:type rdfs:Class.
ship:nextDeparture rdfs:domain ship:DepartingVessel.
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@ Tsieoftan

TivedIn @ Scotiand

S RnneHathaway @Shakespeare

@ TheWinters Tale
*0thelTo

@feasure for Measure
& Love’s Labour's Lost
@As Vou Like It
@ TwelFEh Night
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:JamesDean :playedIn ?ql
2q3 :playedIn ?ql

2q3 rdf:type :Woman

293 :playedIn 22

2q2 :directedBy :JohnFord .}
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JamesDean :playedIn :Giant .
:JamesDean :playedIn ?what .

Ask: ?who :playedIn :Giant .
JamesDean
amesDean 2what :Giant
:playedIn
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Food rdf:type owl:Class.
BakedGood rdf:type owliClass.
Confectionary rdf:type owl:Class.
PackagedFood rdf:type owliClass.
PreparedFood rdf:type owliClass.
ProcessedFood rdf:type owl:Class.
mfg:Product rdf:type owl:Class.
p:Product rdf:type owl:Class.
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d:WhatProblem a q:Question;
q:hasOption d:STV, d:SInternet, d:SBoth;
qiquestionText "What system are you having trouble
with?".

d:STV a q:Answer;
q:answerText "Cable TV".

d:SInternet a q:Answer;
qianswerText "High-speed Internmet".

d:SBoth a q:Answer;






OEBPS/B9780123859655100056/u05-073-9780123859655.jpg
Ask:

SELECT ?director
WHERE {2dir foaf:made 2m
2dir linkedmdb:director_name ?director .
2m linkedmdb:actor ?star .
2dir skos:exactMatch ?star . )

roan
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CONSTRUCT {?s ?p 20}
WHERE {film:38599 ?pl ?s
?s %P % . )

The pattern

25 7 20
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:aidenVoyage "May 2, 1969".
extDeparture "Mar 4, 2010".
ship:QEII ship:hasCommander Warwick.

ship:QEII ship
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:SolarPlanet a owl:Class;
owl:intersectionOf (
:Planet
[a owl:Restriction;
owl:onProperty iorbits;
owl:hasValue :TheSun

.
:MajorLeagueBaseballPlayer a owl:Class;

owl:intersectionOf (

:BaseballPlayer

{a owl:Restriction;

owl:onProperty :playsFor;

owl:someValuesFrom :MajorLeagueTeam
e
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France :connectsTo :AtlanticOcean.
:AtlanticOcean a :0cean
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Jim :signedOut :LeavesOfGrass.
:Yoshi :signedout :WutheringHeights.
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bio:AnneHathaway bio:married lit:Shakespeare.
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[a owl:Restriction;
owlionProperty q:hasPrerequisite;
owl:allValuesFrom q:SelectedAnswer]
rdfs:subClassOf q:EnabledQuestion.
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ighPriorityItem.
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foaf:aimChatID rdf:type owl:InverseFunctionalProperty.

foaf:homepage rdf:type owl:InverseFunctionalProperty.
foaf:icqChatID rdf:type owl:InverseFunctionalProperty.
foaf:jabberID rdf:type owl:InverseFunctionalProperty.
foaf:mbox rdf:type owl:InverseFunctionalProperty.
foaf:msnChatID rdf:type

owl:InverseFunctionalProperty.foaf:yahooChatID rdf:type
owl:InverseFunctionalProperty.
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Ask:
SELECT ?nember
WHERE (?int :hasParent :Joe
member :hasParent ?int

Fm—
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spr:Shakespere buriedAt:TrinityChancel.
lit:Shakespeare buriedAt:TrinityChancel.
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Personl :personName "James Dean"
:Person2 :personName "Elizabeth Taylor".
Person3 :personName "Rock Hudson".
:Moviel :movieTitle "Rebel Without a Cause
Movie2 :movieTitle "Giant".

:Movie3 :movieTitle "East of Eden".
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:RimbaudsMovie owl:differentFrom :EastOfEden.





OEBPS/B9780123859655100123/u12-12-9780123859655.jpg
ss:Earth owl:differentFrom ss:Mars.
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Ask:

SELECT 2what ?who
WHERE |:JamesDean :playedIn 2what
2what :directedBy ?who .}
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lit:Shakespeare lit

lit:wrote
lit:wrote
lit:wrote
lit:wrote
lit:wrote
lit:wrote
lit:wrote
spr:Gulielmus

spr:Susanna sp
spr:Hamnet spr:hasFather sp:
spr:Judeth spr:hasFather sp:

rote 1if

AsYouLikelIt;

Lit:HenryV;

lit:LovesLaboursLost;

Lit:MeasureForteasure;

1it:TwelfthNight;

lit:WintersTale;

lit:Hanlet;

1it:othello.

spr:hasFather spr:JohannesShakspere.

asFather spriWilliamShakspere.
i11iamShakspere.

i1liamsShakspere.

spr:WilliamShakspere

lit:wrote
lit:wrote
lit:wrote
lit:wrote
lit:wrote
lit:wrote
lit:wrote
lit:wrote

spriSusanna sp.
spriHamnet spr:hasFather li
spr:Judeth spr:hasFather li

lit:AsYouLikeTt;
lit:HenryV;
1lit:LovesLaboursLost
lit:MeasureForMeasure;
lit:TwelfthNight;
lit:WintersTale;

lit:Hamlet;

lit:othello.

asFather 1it:Shakespeare.
hakespeare.
hakespeare.
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[a owl:AllDifferent;

owl:distinctMembers (ss:Mercury
ss:Venus
ss:EBarth
ss:Mars
ss:Jupiter
ss:saturn
ss:Uranus
ss:Neptune) ] .
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SELECT ?item
WHERE {7class :subClassOf* :Shirts
?item a ?class . }






OEBPS/B9780123859655100081/u08-023-9780123859655.jpg
bio:AnneHathaway bio:married lit:Shakespeare.
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SELECT ?what WHERE {:JamesDean ?playedIn ?what .}
SELECT ?who WHERE (?who :playedIn :Giant .}
SELECT ?what WHERE {:JamesDean ?what :Giant .}
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JudyGarlandMovieOwner owl:equivalentClass
[a owl:Restriction;
owl:onProperty :ownsMovie;
owl:someValuesFrom :JudyGarlandMovie] .
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:P rdf:type owl:SymmetricProperty.
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:English_Monarchy foaf:membershipClass :Monarch.
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Ask:
sr.u:cl- (o (real) 38jpvend)
gL )
r—
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Analyst rdfs:subClassOf :Investigator.
:Researcher rdfs:subClassOf :Investigator.
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?q3 rdf:type :Woman .
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signedOut rdfs:subPropertyOf :hasPossession.
:borrows rdfs:subPropertyOf :hasPossession.
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:Vegetarian a owl:Class;
rdfs:subClassOf :Person.
:VegetarianFood a owl:Class;
rdfs:subClassOf :Food.
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+hasParent rdfs:subPropertyOf :hasAncestor.
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lass;
owliunionOf (ns:A nsiB...).
Il a owl:Class;
owl:intersectionOf (ns:A ns:B...).
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:Shakespeare :wrote :TheTempest.
Shakespeare a
:TheTempest a :
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Person a owl:Class.
:hasParent rdfs:domain :Person.
:hasParent rdfs:range :Person.
{a owl:Restriction;
owlionProperty :hasParent;
owl:Cardinality 2]
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Person a owl:Class.
:Food a owl:Class.

eats rdfs:domain :Person.
:eats rdfs:range :Food.
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q:hasPrerequisite
rdfs:domain q:Question;
rdfs:range q:Answer.
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owl
oul
oul

ameAs
ameAs
ameAs
owl:sameAs
owl:sameAs
owl:sameAs mfg:Products.
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Ask:
SELECT ?year (SUM (?val) AS ?total)
WHERE (?s a :Sale .

?s :amount ?val
?s :year 2year |}
GROUP BY 2year
Rty
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JamesDean :playedIn :Giant
JamesDean :playedIn :EastOfEden .
JamesDean :playedIn :RebelWithoutaCause

Now if we ASK a question with SPARQL

Ask: SELECT 2what WHERE {:JamesDean :playedIn ?2what}
Answer: :Giant, :EastOfEden, :RebelWithoutaCause.
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[ ®JamesDean |————>{ @ what |————>{ @ who

‘playedin “directedBy
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Ask:
SELECT ?year ?company (SUM (?val) AS ?total)
WHERE (25 a :Sale .

2s :amount ?val .
2s :year 2year .
2?s :company ?company .

}
GROUP BY 2year 2company
Ay
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:Reilly rdf:type :Analyst.
Kaneda rdf:type :Researcher.
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director:8522 foaf:made film:38599 .





OEBPS/B978012385965510007X/u07-69-9780123859655.jpg
sales:SalesPerson rdfs:subClassOf foaf:Person.
sales:sells rdfs:domain sales:SalesPerson.
sales:sells rdfs:range sales:ProductLine.
sales:nextDeparture rdfs:domain sales:SalesPerson.
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France a
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rdf

W q:questionText
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W qzanswerText
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hasOption
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:signedTo owl:inverseOf :signedOut.
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foaf:publications rdfs:subPropertyOf foaf:made.
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SELECT ?who
WHERE (21it:Shakespeare bioimarried 2who)
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:P rdfs:subPropertyOf
:0 rdfs:subPropertyof :R .
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spr:Shakespere owl:sameAs lit:Shakespeare.
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CONSTRUCT {film:38599 ?p 20 . } WHERE {film:38599 7p 2?0 .
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Reilly rdf:type :Researcher.
:Kaneda rdf:type :Analyst.
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?who=:GeorgeStevens
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JamesDean :playedIn ?what .
?what :directedBy 2who .
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mfg:Productl mfg:Product_Product_Line "Paper machine"
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rdf:type linkedmdb:film .
de:title "Unforgiven”
Linkedndb:actor actor:29753
£11m:38599 linkedndb:actor actor:30285
£1m:38599 1inkedndbidirector director:8533 .
£ilm:38599 linkedmdb:editor editor:2920 .
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France a
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bio:married owl:inverseOf bio:married.
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foaf
foafimade rdfsirange owl:Thing.
foaf:maker rdfs:domain owl:Thing.
foaf:maker rdfs:range foaf:Agent.
foaf:made owl:inverseOf foaf:maker.
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ownsMovie :Rebel.
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:isSonOf owl:inverseOf :hasSon .
:isSonOf rdfs:subPropertyOf :hasParent .
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:SanDiego :connectsTo :PacificOcean.
PacificOcean a :Ocean.
:SanDiego a :OceanPort.
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aper_Machine owl:equivalentClass
estriction;

nProperty mfg:Product_Product_Line
asvalue "Paper machine"].

eedback_Line owl:equivalentClass
{a owl:Restriction;

nProperty mfg:Product_Product_Line
asvalue “Feedback line"].

ctive_Sensor owl:equivalentClass
estriction;

nProperty mfg:Product_Product_Line
asvalue "Active sensor”].
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[foaf:mbox "Shakespeare@gmail.com "]
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SELECT DISTINCT ?class
WHERE (20 a 2class)

Or find all the properties used anywhere in the data

SELECT DISTINCT 2property
WHERE (2q0 2property 2ql}
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ffering spin:rule
"CONSTRUCT {
20 gr:includesObject _:n
rdf:type gr:TypeAndQuantityNode.
gr:amountOfThisGood "1.0"~*xsd:float.
gr:hasUnitOfeasurement "C62"*“xsd:string.
gr:typeofGood 2p. )

20 rdf:type gr:Offering.
20 gr:includes ?p. } "
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d:STV a g:Answer.
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Analyst rdfs:subClassOf :Researcher.
:Researcher rdfs:subClassOf :Analyst.
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:RimbaudsMovie rdf:type :JamesDeanMovie.
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:Marzipan.
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GraduallyMix :inSameRecipe :
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:Paul a :SevenMovieOwner.
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bb:MajorLeagueBaseballPlayer owl:equivalentClass
[a owl:Class;
owl:intersectionOf
(bb:MajorLeagueMember bb:

layer bb:BaseballEmployee) ] .
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IF
?A rdfs:subClassOf ?B.
AND

?x rdfitype 7A.

THEN

?x rdf:type ?B.
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Analyst rdfs:subClassOf :Researcher.
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plush:0ffering_1 gr:hasPriceSpecification plush:PriceSpec 1 .
plush:PriceSpec_1 a gr:UnitPriceSpecification ;
gr:hasCurrency "USD""~"xsd:string ;
gr:hasCurrencyValue "19"""xsd:float ;
gr:hasUnitOfMeasurement "C62" .
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q:answerText "“Both"
d:TVsymptom a q:Question;
q:questionText "What television symptoms are you
having?";
q:hasOption d:TvSnothing, d:TvSnosound, d:TVStiling,
d:TvSreception.
d:TVSnothing a g:Answer;
q:answerText "No Picture".
d:TVSnosound a g:Answer;
q:answerText “No Sound".

d:TVStiling a q:Answer;
q:answerText "Tiling".

d:TVSreception a g:Answer;
q:answerText "Bad reception”.






OEBPS/B9780123859655100111/u11-45-9780123859655.jpg
:Maverick a:Person.
Steak a:Food.
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:Food myowl:superClassOf
myowl

JakedGood;

superClassOf :Confectionary;
myowl :superClassOf :PackagedFood;
myowl : superClassOf :PreparedFood;
myowl : superClassOf :ProcessedFood.
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=-@ FHEO:Complaint

@ FHEO:ASian

@ FHEOHPI
@ FHEONA
@ FHEO:NABlack
@ FHEO:NAWhite
@ FHEO:Other
@ FHEO:White.
® rHEOReligion
@ FHEO:Retaliaton
® FHEO:Sex
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lit:Shakespeare foaf:aimChatID "Williel564".
lit:Shakespeare foaf:msnChatID "TempestMan".
lit:Shakespeare foaf:nick "Williel564".
lit:Shakespeare foaf:nick "TempestMan".





OEBPS/B9780123859655100202/fm02-9780123859655.jpg





OEBPS/B9780123859655100111/u11-36-9780123859655.jpg
q:hasPriority
rdfs:range q:Prioritylevel.
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:Spence :worksFor :TheFirm.
Iong :worksFor :TheFirm.
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ChildofShakespeare.
b:Susanna rdf:type b:ChildOfShakespeare.
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d:SBoth g:enablesCandidate d:TVsymptom.
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Kildare rdf:type
Kildere rdfitvpe
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ffering 2 a gr:Offering ;
gr:hasPricespecification plush:PriceSpec_2 ;
gr:includesobject plush:Quantity 2 .
uantity 2 a griTypeAndouantityNode ;
gr:typeofGood plush:Service 2 ;
gr:hasUnitOfMeasurement "HUR" ;
gr:amountOfThisGood "1.5"~*xsd:float .
plush:Service 2 a gr:ProductOrService ;
rdfs:label "Relaxing Massage"
riceSpec_2 a gr:UnitPriceSpecification ;
asCurrency "USD"**xsd:string ;

plus}

a1
gr:hasCurrencyValue “80.00"~*xsd:float
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SELECT ?2q3
WHERE (:JamesDean :playedIn 2ql
2q3 :playedIn 2ql
2q3 :playedIn 2q2 .

2q2 :directedBy :JohnFord .
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FHEOFiling:entryl3459 a FHEO:FamilialStatus ;
FHEO:violation_county "Los Angeles County” ;
FHEO:violation_state "California" .
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lentCloss
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lit:Shakespeare b:hasChild _.
rdf:first
rdf:rest _
rdf:first b:Judith.
rdf:rest _
rdf:rest rdf:nil.

rdf:first b:Hamnet.
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:PRIME a :PreferredCustomer .
:PRIME :totalSales 5350.00 .
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chebi :CHEBI_24527
a ouliClass ;
rdfs:label "herbicide"@en .
chebi :CHEBI_27744
a ouliClass ;
rdfs:label "glyphosate"Gen ;
rdfs:subClassOf
[ a owl:Restriction ;
oul:onProperty obo:has_role ;
owl:someValuesFrom chebi:CHEBI_24527
1
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MVP rdfs:subClassOf :AllStarCandidate.
:TopScorer rdfs:subClassOf :AllStarCandidate.
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lit:Shakespeare bio:married bio:AnneHathaway.
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ElizabethI a [a owl:Restriction;
owlionProperty :hasChild;
owl:cardinality 0].
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Caroline :hasFather
John :hasFather :Joe .
:Eunice :hasFather
Maria :hasMother :Eunice
:Maria :hasFather :Sargent
Joe :hasSon :Robert

Joe :hasSon :Ted

:Ted :hasSon :Patrick .
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os:ProductA rdf:type [a owl:Restriction;
owl:onProperty mfg:Product_Product_Line
owl:hasValue "Paper Machine" ].
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CONSTRUCT {?a owl:sameAs ?b . }
WHERE {?p rdf:type ou.
2a ?p 7 .
7 7% 2% . )

nverseFunctionalProperty .
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ship:Captain rdfs:subClassOf ship:Officer.

ip:Commander rdfs:subClassOf ship:Officer.
ieutenantCommander rdfs:subClassOf ship:Officer.
ieutenant rdfsisubClassOf ship:Officer. shipiEnsign
rdfs:subClassOf ship:Officer.
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Ask:
SELECT 2title
WHERE |(:JamesDean :playedIn 2m.
2m rdfs:label 2title
?m dc:date ?date . )
ORDER BY 7date
LIMIT 1
Koest
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@ orTisympton
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+hasMother rdfs:subPropertyOf :hasParent .
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rioritylLevel a owl:Class.
q:High a giPrioritylevel.
fedium a q:Prioritylevel.
q:Low a q:PriorityLevel.
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hasSpecies
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[owl:complementOf :JamesDeanMovie]





OEBPS/B978012385965510007X/f07-01-9780123859655.jpg
[ worksFor
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FHEO:Black rdfs:subClassOf FHEO:Complaint .
FHEO:BlackAndWhite rdfs:subClassOf FHEO:Complaint .
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AP X
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CONSTRUCT
WHERE {72
7
2

{?a ?p 2d
2p b .
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Bl
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sales:Johannes ship:nextDeparture "May 31, 2008".
ship:QFEII sales:nextDeparture "Mar 4, 2010"
sales:Johannes rdf:type ship:DepartingVessel.
ship:QEII rdf:type sales:SalesPerson.
ship:QEII rdf:type foaf:Person.
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SELECT (COUNT (?suball) AS ?total) (COUNT (?subonly)

?mismatch) ?class ?parent
WHERE (
2class rdfs:subClassOf+ FHEO:Complaint
2class rdfs:subClassOf ?parent
FILTER (?parent !
(
(2suball a ?class}
UNION
(2subonly a ?class
UNSAID({?subonly a ?parent}
)
)
}
GROUP BY ?class ?parent

FHEO: Complaint)

AS
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CONSTRUCT {?company a :PreferredCustomer.
2company :totalSales ?total .}
WHERE (SELECT ?year ?company (SUM (?val) as ?total)
WHERE (?s a :Sale
?s :amount ?val
?s :year ?year
?s :company ?company .
)
GROUP BY ?year ?company
HAVING (2total > 5000)}
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d:STV g:enablesCandidate d:TVsymptom.
d:SBoth q:enablesCandidate d:TVsymptom.

d:SBoth q:enablesCandidate d:InternetSymptom.
d:SInternet g:enablesCandidate d:InternetSymptom.
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Productl
Product2
Product3
Productd
Product$
Producté
Product?
Product8
mfg:Product9

Product_Manufacture Location Sacramento.
Product_Manufacture_Location Sacramento.
Product_Manufacture_Location Sacramento.
Product_Manufacture_Location Elizabeth.
Product_Manufacture_Location Elizabeth.
Product_Manufacture_Location Seoul.

Product_Manufacture_Location Hong Kong.
Product_Manufacture_Location Cleveland.
:Product_Manufacture_Location Cleveland.
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ship:hasCommander rdfs:range ship:Captain.
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bio:JohannesShakspere owl:sameAs bio:JohnShakespeare.
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Ask:
SELECT 2first

WHERE (7who :playedIn :RebelWithoutaCause .

2who rdfs:label ?first
2who :diedOn ?date}
ORDER BY Zdate
LIMIT 1
s
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Product_Facility "Assembly Center’.
Product _Facility "Assembly Center
Product_Facility "Assembly Center".
Product_Facility "Assembly Center.
Product_Facility “Factory’.

Product_Facility “Factory".

Product_Facility ‘Machine Shop”
Product_Facility ‘Machine Shop’
roduct9 p:Product_Facility ‘Machine Shop'.
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ship:QEII ship:nextDeparture "Mar 4, 2010'
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Ask:
SELECT ?actor ?deathdate
WHERE (2actor :playedIn

OPTIONAL {?actor :diedOn ?deathdate .}}

T —
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Ask:
SELECT ?movie ?director
WHERE (:JamesDean :playedIn ?movie
2movie :directedBy ?director .}

F—
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[foaf:mbox_shalsum
"£964£2dfd4784fe9d68adag60099e0b592e16a95" )
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:ElizabethTaylor :diedOn ?x .
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qudt:Unit a owl:Class ;
rdfs:subClassOf
[ a owl:Restriction ;
owl:allvaluesFrom qudt:QuantityKind ;
owl:onProperty qudt:quantityKind
1.
qudt:quantityKind a owl:ObjectProperty .
qudt:QuantityKind a owl:Class .

As an example of units and quantity, lets have a look at feet and length:

vocab-units:Foot a qudt:Unit ;
qudt:quantityKind vocab-quantities:Length .
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orrows rdfs:subPropertyOf :hasPossession.
Library2:checkedout rdfs:subPropertyOf :hasPossession.
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Marzipan

'egetarianFood.






OEBPS/B9780123859655100147/u14-28-9780123859655.jpg
\asParent :Claus.
:Willem :hasParent :TheQueen.
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FHEO:Color rdfs:subClassOf FHEO:Complaint
FHEO:Disability rdfs:subClassOf FHEO:Complaint .
FHEO:FamilialStatus rdfs:subClassOf FHEO:Complaint .
FHEO:NationalOrigin rdfs:subClassOf FHEO:Complaint .
FHEO:Hispanic rdfs:subClassOf FHEO:Complaint .
FHEO:HPI rdfs:subClassOf FHEO:Complaint

FHEO:NA rdfs:subClassOf FHEO:Complaint .
FHEO:NABlack rdfs:subClassOf FHEO:Complaint .
FHEO:NAWhite rdfs:subClassOf FHEO:Complaint .
FHEO:Other rdfs:subClassOf FHEO:Complaint

FHEO:Race rdfs:subClassOf FHEO:Complaint .
FHEO:Religion rdfs:subClassOf FHEO:Complaint .
FHEO:Retaliation rdfs:subClassOf FHEO:Complaint
FHEO:Sex rdfs:subClassOf FHEO:Complaint

FHEO:White rdfs:subClassOf FHEO:Complaint
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CONSTRUCT
WHERE (7x
2y
P

{?x ?2p 2z .}
%p 2y .
2p 7x

a owl:TransitiveProperty .

)
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SHEOEIMRT. (18 -hislesent. ol
WHERE {70 :hasSon 75}
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Giant rdf:type :JamesDeanMovie.
:EastOfEden rdf:type :JamesDeanMovie.
Rebel rdf:type :JamesDeanMovie.
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AP X.
X rdf:type C.





OEBPS/B9780123859655100111/u11-07-9780123859655.jpg
d:WhatProblem g:hasSelectedOption d:STV.
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CONSTRUCT {?c skos:inScheme ?S }
WHERE (?a skos:inScheme 25 .
?a skos:broader ?c .}
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JamesDeanMovie rdfs:subClassOf
[ a owl:Restriction ;

Wi ionClocs - oRasmen ¢

owlionProperty :stars ;

g8
:JDPerson a owl:Class ; owl:oneOf (:JamesDean) .
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owl:equivalentClass rdfs:subPropertyOf rdfs:subClassOf.
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actor:29753
rdf:type linkedmdb:actor ;
linkedmdb:actor_name "Clint Eastwood"

£ilm:38599
linkedmdb:film ;
"Unforgiven” ;

ctor actor:29753 ;
:director director:8533

director:8533
rdf:type linkedmdb:director ;
linkedmdb:director_name "Clint Eastwood"
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Libraryl:borrows rdfs:subPropertyOf Library2:checkedOut.
Library2:checkedOut rdfs:subPropertyOf Libraryl:borrows.
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CONSTRUCT {?r rdf:type 2B}
WHERE {?A rdfs:subClassOf 7B .
?r rdf:type ?A}
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:P rdfs:subPropertyOf :
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Ask:
SELECT ?actress ?movie
WHERE |(:JamesDean :playedIn ?movie
2actress :playedIn ?movie
?actress rdf:type :Woman }

K
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Ask:
SELECT 2actor
WHERE {
(2actor :playedIn :Giant .)
UNTON
{?actor :playedIn :RebelWithoutaCause .}
}

F—
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p rdfs:domain
:p rdfs:range :R.
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:P rdf:type owl:TransitiveProperty.
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Jen a [a owl:Restriction;
owl:onProperty :eats;
owl:allValuesFrom :VegetarianFood].
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dependsOn rdfs:subPropertyOf :neighborStep.
enables rdfs:subPropertyOf :neighborStep.

neighborStep rdfs:subPropertyOf :inSameRecipe.
:inSameRecipe rdf:type owl:TransitiveProperty.
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os:ProductA rdf:type mfg:Paper_Machine.
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skos:inScheme rdfs:range skos:ConceptScheme .
skos:semanticRelation rdfs:domain skos:Concept.
skos:semanticRelation rdfs:range skos:Concept.
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Ask:
SELECT 2title 7date
WHERE {:JamesDean :playedIn Zmovie.
2movie rdfs:label 2title .
movie dc:idate ?date . }
ORDER BY 2title
A
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LRE:Phekaspaite Lit=weobe EiG-Rerouldimisr

Llit:HenryV;
lit:LovesLaboursLost;
Lit:MeasureForteasure;
lit:TwelfthNight;
lit:WintersTale;
lit:Hamlet;

lit:wrote lit:Othello.
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:Zurich :connectsTo :RiverLimmat.
:gurich :locatedIn :Switzerland.
Switzerland :borders :France.
:Paris :connectsTo :LaSeine.

Paris :locatedIn :France.

:France :connectsTo :Mediterranean.
France :connectsTo :AtlanticOcean.
:SanDiego :connectsTo :PacificOcean.
AtlanticOcean a :Ocean.
:PacificOcean a :Ocean.
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?X rdf:type :Woman.





OEBPS/B9780123859655100111/u11-37-9780123859655.jpg
q:HighPriorityItem owl:equivalentClass
{a owl:Restriction;
owl:onProperty q:hasPriority;
owl:hasValue q:High].
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CONSTRUCT {(?s :hasParent ?o} WHERE {?s :hasMother ?o}
CONSTRUCT (?s :hasParent 20} WHERE (?s :hasFather 20}
CONSTRUCT (75 :hasParent ?0) WHERE asson ?s)
CONSTRUCT (25 :hasParent 20} WHERE :hasDaughter 2s)
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lit:Shakespeare b:hasChild b:Susanna, b:Judith, b:Hamnet.





OEBPS/B978012385965510007X/u07-37-9780123859655.jpg
Reilly rdf:type :MVP.
:Kaneda rdf:type :TopScorer.
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Ask:
SELECT ?actor ?deathdate
WHERE (?actor :playedIn :Giant
?actor :diedOn ?deathdate

Fi—
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:SliceBean :enables :HeatCream.
SeparateEggs :enables :AddSugar.
AddSugar :enables :BeatEggs
BeatEggs :enables :GraduallyMix.
HeatCream :enables :GraduallyMix.
GraduallyMix :enables
CookCustard :enables
Chill :enables :AddMilk.
:AddMilk :enables :TurnInFreezer.
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Paul a [a owl:Restriction;
owlionProperty :ownsMovie;
owl:someValuesFrom

[owl:complementOf :

amesDeanMovie]].
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:signedTo owl:inverseOf :signedOut.
:signedTo rdfs:subPropertyOf ipossessedBy.
:signedOut rdfs:subPropertyOf :hasPossession.
lentTo owl:inverseOf :borrows.

:lentTo rdfs:subPropertyOf ipossessedBy.
borrows rdfs:subPropertyOf :hasPossession.
:possessedBy owl:inverseOf :hasPossession.
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CONSTRUCT {?s :hasParent ?o}
WHERE {75 :hasMother 70}
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spr:WilliamShakspere owl:sameAs lit:Shakespeare.
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CONSTRUCT {?a skos:exactMatch ?b}
WHERE (?a foaf:page ?page
?b foaf:page ?page .}
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ship:nextDeparture rdfs:subPropertyOf ca.
sales:nextDeparture rdfs:subPropertyOf cal:nextDeparture.
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lit:Shakespeare b:hasChild b
lit:Shakespeare bihasChild b
lit:Shakespeare b:hasChild b:Hamnet.






OEBPS/B978012385965510010X/u10-12-9780123859655.jpg
NAL:38846 skos:exactMatch AGROVOC:c_7030 .
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d: TVsymptom a
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SELECT ?actor
WHERE (?actor :playedIn :Giant
UNSAID {?actor :diedOn ?deathdate .} }
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RIMBAUD: Do you own any James Dean movies?
ROCKY: They are the only ones I own.
RIMBAUD: Then I guess you don’t own very many movies! No more than three.
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d:WhatProblem a [a owl:Restriction;
owl:onProperty g:hasSelectedOption;
owl ; someValuesFrom q:Answer]
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JamesDeanMovie
JamesDeanMovie
JamesDeanMovie
JamesDeanMovie

JudyGarlandMovie ow
JudyGarlandMovie ow
JudyGarlandiovie ow

owl:disjointWith
owl:disjointWith
owl:disjointWith
owl:disjointWith

JudyGarlandMovie.
TomCruiseMovie.
JudiDenchMovie.
AntonioBanderasMovie.

isjointWith TomCruiseMovie.
isjointWith JudiDenchMovie.
isjointWith AntonioBanderasMovie.

TomCruiseMovie owl:disjointWith JudiDenchMovie.
TomCruiseMovie owl:disjointWith AntonioBanderasMovie.
JudiDenchMovie owl:disjointWith AntonioBanderasMovie.
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© owsMovie some JudiDenchMovie
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lit:Shakespeare foaf:nick "The Bard of Avon".
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plush:0ffering_1 gr:includes plush:Service 1 .
plush:Service_1 a gr:ProductOrService ;
rdfs:label "NAIL SERVICES: Manicure"
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'roduct_Product_Line "Paper Machine".
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{spr:Hamnet spr:hasFather?d.
2d lit:wrote lit:Hamlet.)
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rdfs:sutClassof

@ oceanport

ouTrequivalentClass

owl:intersectionf

TconnectsTo some Ocean,
City)
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plush:0ffering_1 gr:eligibleCustomerType gr:Enduser .
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Goldman :worksFor :
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:Spence :contractsTo :TheFirm.
Long contractsTo :TheFirm.
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actor:29753 skos:exactMatch director:8533 .
director:8533 skos:exactMatch actor:29753
director:8533 skos:exactMatch director:8533
actor:29753 skos:exactMatch actor:29753
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Ask:
SELECT DISTINCT ?property
WHERE (70 a :Actor .

290 ?property ?object

e
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ACME a :PreferredCustomer .
:PRIME a :PreferredCustomer
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foaf:surname owl:equivalentProperty foaf:family name.
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?x rdf:type
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skos :narrowMatch
skos :broadMatch
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rdfs:label "glyphosate"
oboInOwl:hasDbXref

La oboInOwl:DbXref ;
rdfs:label "ChemIDplus:1071-83-6
1
0boInowl :hasbbXref

ta oboInOwl:DbXref ;
rdfs:label "KEGG_COMPOUND:1071-83-6"
1
0boInowl :hasbbXref

ta oboInOwl:DbXref ;
rdfs:label "Beilstein:2045054"
)i
0boInowl :hasDbXref

ta oboInOwl:DbXref ;
rdfs:label "MSDchem:GPJ"
)i
0boInowl :hasDbXref

ta oboInOwl:DbXref ;

rdfs:label "Gmelin:279222"
)

en ;
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dependsOn rdfs:subPropertyOf :hasPrerequisite.
:hasPrerequisite rdfitype owliTransitiveProperty.
enables rdfs:subPropertyOf :prerequisiteFor.

:prerequisiteFor rdf:type owl:TransitiveProperty.
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[a owl:Restriction;
owlionProperty :ihasPlayer;
owl:maxCardinality 2]
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eployedVessel rdfs:subClassOf ship:Vessel.
nServiceVessel rdfs:subClassOf ship:Vessel.
ship:OutofServicevessel rdfs:subClassOf ship:Vessel.
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spr:Gulielmus spr:hasFather spr:JohannesShakspere.
spr:Susanna spr:hasFather spr:WilliamShakspere.
spr:Hamnet spr:hasFather spr:WilliamShakspere.
spr:Judeth spr:hasFather spr:WilliamShakspere.
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[a owl:Restriction;
owlionProperty :hasPlayer;
owl:minCardinality 10]
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CONSTRUCT {7?s

WHERE (

thasParent 20}
(?s :hasMother 20}
UNTON

{?s :hasFather 20}
UNTON

{20 :hasSon ?s}

UNTON

(20 :hasDaughter ?s)}





OEBPS/B9780123859655100056/u05-027-9780123859655.jpg
Ask:
SELECT DISTINCT ?class
WHERE (2class rdfs:subClassOf :Person)
I —
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?x rdf:type :B.
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:Sheep skos:broader :Livestock.
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:RockHudson rdf:type :Woman.
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foaf
foaf

imChatID rdfs:subPropertyOf foaf:nick.
cqChatID rdfs:subPropertyof foaf
foaf:msnChatID rdfs:subPropertyOf foaf
foaf:yahooChatID rdfs:subPropertyOf foaf:inick.
foaf:jabberID rdfs:subPropertyOf foaf:nick.
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CME :totalBusiness 5253.00
RIME :totalBusiness 12453.00 .
BC :totalbusiness 1545.00

The query

CONSTRUCT {?c a :PreferredCustomer}
WHERE (?c :totalBusiness ?tb .
FILTER (?tb > 5000) }

will assert all the preferred customers:
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skos:broader rdfs:label "has broader".
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:OceanPort rdfs:subClassof :City.
OceanPort owl:equivalentClass

{a owl:Restriction;
nProperty :connectsTo;
omeValuesFrom :Ocean] .
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hasPrerequisite
hasPrerequisite
hasPrerequisite

hasPrerequisite

GraduallyMix :hasPrerequisite :AddSugar;

:SeparateEggs;

SliceBean;

:HeatCream;
BeatEggs.
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:DesktopApplication rdfs:subClassOf :ConformantApplication .
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SELECT ?item
WHERE (?class :subClassOf* :Shirts
?item a ?class . )
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?P myowl:superClassOf 2Q.
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q:MediumPriorityItem ow.
{a owl:Restriction;
owl:ionProperty gihasPriority;
oul:hasValue g:Medium ].
q:LowPriorityItem owl:equivalentClass
{a owl:Restriction;
owl:onProperty q:hasPriority;
owl:hasValue g:Low ].

quivalentClass
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‘Reilly rdf:type :AllStarCandidate.
Kaneda rdf:type :AllStarCandidate.






OEBPS/B9780123859655100135/f13-06-9780123859655.jpg
asclur
] o] [ rvem)
(s pwentmarae ] Combere )

e vl
L somevafession Mg
o] Com )
E i
C =]
sl Q sl
[(Ooeedmme ] [(Oteme merebose | [ @ gomoncess ]
s






OEBPS/B978012385965510007X/u07-75-9780123859655.jpg
ohannes cal:nextDeparture “"May 31, 2008".
ship:QEII cal:nextDeparture “Mar 4, 2010".





OEBPS/B9780123859655100056/u05-049-9780123859655.jpg
CONSTRUCT {?ql :hasUncle 2q2}
WHERE (22 :hasSister ?s
2ql :hasMother ?s .)
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Ask:
SELECT 2director
WHERE (?m :directedBy 2director)
F p—
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ASK
{?a a FHEO:Asian
UNSAID {?a a FHEO:Race}}
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ex:ClassA owl:complementOf ex:ClassB.
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d:othersinbuilding
a g:Question;
asOption d:ONo, d:OYes;
uestionText
"Do you live in a multi-unit dwelling with
other customers?
d:OYes a qiAnswer;
qranswerText "Yes.".
d:ONo a q:Answer;
qg:ranswerText "No.".
d:whatIssue
a g:Question;
q:hasOption d:PBilling, d:PNew, diPCancel,
Tech;
uestionText
"What can customer service help you with
today?".
d:PBilling a q:Answer;
q:answerText "Billing question.".
d:PNew a giAnswer;
qianswerText "New account
d:PCancel a g:Answer;
qianswerText "Cancel account.
nswer;
q:answerText "Technical difficulty".

d:PTech a
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Al1Different

rdf:type

@ <bnode>

owl:disinctienbers

TJamesDean: EastOTEden,
JamesDean:Giant,
JamesDean:Rebel]

rdf:rest rdf:first
TJamesbean:Glant , East of Eden

JamesDean:Rebel]

rdfirest rdfifirst
[Jamesbean:Rebel] @ Giant
rdfirest, rdf:first

@ Rebel Without a Cause
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Ask:
SELECT ?year ?company (SUM
WHERE (?s a :Sale

?s :amount ?val
?s :year 2year
2s

}
GROUP BY 2year ?company
HAVING (2total > 5000)

(2val) AS ?total)

ompany ?company .
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@558

astro:Planet| [@horo:Planet | [ @ TAU:PTanet
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:dependsOn owl:inverseOf :enables.
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sales:nextDeparture rdfs:subPropertyOf ship:nextDeparture.
ship:nextDeparture rdfs:subPropertyOf sales:nextDeparture.
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owl :somevaluesFron owl:equivalentClass

[©3udy Garland movie] [®ownstovie a11 Jamesbeantiovie]

isjointuith Gl :al WaluesFron

© JamesDeanMovie
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d:STV g:enablesCandidate d:TVsymptom.
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?qudtunit qudt:uneceCommonCode ?UNunit .
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NAL:38846 skos:broadMatch AGROVOC:c_7030 .
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b:Shakespeares_Children foaf:member b:Hamnet.
b:Shakespeares_Children foaf:member b:Judith.
b:Shakespeares_Children foaf:member b:Susanna.
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Ask:
SELECT 2actor
WHERE {?actor
2actor

FILTER
Fa—

layedIn
:diedOn ?deathdate .
(2deathdate > "1961-11-24"""xsd:date) )
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Shirt spin:rule "CONSTRUCT {?this rdf:type ?B}
WHERE (?A rdfs:subClassOf ?B .
2this rdf:type ?A)"
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d:WhatProblem g:hasSelectedOption d:STV.
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lodgedIn rdfs:subPropertyOf :billedFor.
:logdedIn rdfs:subPropertyOf :assignedTo.
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:isEmployedBy :rdfs:subPropertyOf :worksFor.
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gr:eligibleCustomerType a owl:ObjectProperty ;
rdfs:domain gr:Offering ;
rdfs:range gr:BusinessEntityType .
usiness a gr:BusinessEntityType .
nduser a griBusinessEntityType .
ublicInstitution a griBusinessEntityType .
eseller a gr:BusinessEntityType
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CONSTRUCT {lit:Shakespeare ?p 2?0 . }
WHERE {spr:WilliamShakespeare ?p 20 .
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vocab-quantities:Length a qudt:QuantityKind .
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SELECT 2?q3
WHERE (:JamesDean :playedIn 2ql
293 :playedin ?ql .
2q3 :playedIn 2q2 .

2q2 :directedBy :JohnFord .
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{?play lit:setIn geo:Scotland.}
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b:Shakespeares_Children
a foaf:Group;

foaf:name "Shakespeare’s Children";
foaf:member b:Susanna,

biJudith, biHamnet;
foaf :membershipClass b:ChildOfShakespeare.
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:Karen rdf:type :MarriedWoman.
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:hasMaidenName rdfs:domain :Woman.
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?person a :Person.
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d:WhatProblem a qg:AnsweredQuestion.
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roduct_Division “Manufacturing support”;
roduct_ID “17;
roduct_Manufacture_Location “Sacramento”;
roduct_ModelNo “zX=3";
roduct_Product_Line “Paper Machine”;
roduct_SKU “FB3524”;

roduct_Available “23” .

meg:Product2 rdfitype meg:Product;

roduct_Division “Manufacturing support”;
roduct_ID “2";
roduct_Manufacture_Location “Sacramento”;
roduct_ModelNo “zX-3P";
roduct_Product_Line “Paper Machine”;
roduct_SKU “KD5243";
mfg:Product_Available “4” .
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htt)

a oul:Ontology.
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Analyst rdf:subClassOf :Researcher.
:Researcher rdf:subClassOf :Analyst.
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? g:hasSelectedOption V.





OEBPS/B9780123859655100123/u12-47-9780123859655.jpg
:SevenMovieOwner a owl:Restriction;
owlionProperty ounsMovie;
owl:minCardinality 7.
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q:AnsweredQuestion owl:equivalentClass
{a owl:Restriction;
owl:onProperty g:hasSelectedOption;
owl:someValuesFrom g:Answer ].
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CONSTRUCT {?x rdf:type ?D .}
WHERE {?P rdfs:domain 2D .
2% 7P 2y .}
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CONSTRUCT

WHERE {25
CONSTRUCT

WHERE (25
CONSTRUCT

WHERE {20
CONSTRUCT

WHERE {20

{?s :hasParent 2o
20 a :Woman .}
:hasMother 20}
(2s :hasParent 20
20 a :Man .}
:hasFather 20}
(2s :hasParent 2o
25 a :Man .}
thasson ?s)

(s :hasParent 20
2s a :Woman .}
:hasbaughter 25}
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vocab-units:Foot a qudt:Unit
qudt:quantityKind vocab-quantities:Length .
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:hasPrerequisite a owl:ObjectProperty.
[a owl:Restriction;
owl:onProperty hasPrerequisite;
owl:allValuesFrom q:SelectedAnswer]
rdfs:subClassOf q:EnabledQuestion.






OEBPS/B9780123859655100068/u06-05-9780123859655.jpg
shop:Henleys rdfs:subClassOf shop:Shirts.
shop:ChamoisHenley rdf:type shop:Henleys.

Suppose we have a SPARQL triple pattern that we use to examine these triples, thus
Ask:

SELECT 2iten
WHERE (2% rdf:type shop:Shirts . }
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mfg:Productl rdf:type mfg:Product.
lit:Shakespeare rdf:type lit:Playwright.
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CONSTRUCT {?r rdf:type ?a .}
WHERE (?a owl:equivalentClass ?b .
?r rdf:type ?b . )
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AllStarPlayer rdf:type rdfs:Class.
MajorLeaguePlayer rdf:type rdfs:Class.
Surgeon rdf:type rdfs:Class.

Staff rdfitype rdfs:Class.

:Physician rdf:type rdfs:Class.
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lestriction;
nProperty :playsFor;
omeValuesFrom :AllStarTeam]
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agrovoc:c_7030 skos:broader agrovoc:c_4397.
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SELECT ?q3
WHERE (2q3 :playedIn 2ql

:JamesDean :playedIn 2ql

2q3 :playedIn 2q2

2q2 :directedBy :John Ford. }





OEBPS/B9780123859655100056/u05-103-9780123859655.jpg
smect pronmce mame 2realnane
RO (races: (plavedin ol
il e 2name
SERVICE <http //dhpedxa ora/sparal>
{zentxy rdfs:label 7
2entry dbp eiiarirthmans. fcssinsms |

name 2reainane
Elizabeth Taylor Elizabeth Rosemond Taylor

Rock Hudson Roy Rarold Scherer, Jr.
Sal Mineo Salvatore Mineo, Jr.






OEBPS/B9780123859655100032/u03-12-9780123859655.jpg
mfg:Productl a mfg:Product.
lit:Shakespeare a lit:Playwright.
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FHEO:Asian rdfs:subClassOf FHEO:Race .
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?x rdf:type :B.
?x rdf:type :A.
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Caroline :hasParent
Eunice :hasParent
:John :hasParent
Maria :hasParent
:Maria :hasParent :Eunice
Patrick :hasParent :Ted
Robert :hasParent
:Ted :hasParent :Joe .
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" CCANB(bymakingC rdfs:subClassOf both A and B)
" C22 U B (by making both A and B rdfs : subClassOf C).
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therStep :HeatCream .

BeatEggs
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X owl:equivalentClass Y.
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:Poets :wrote :Poems.
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SELECT (((((?argl * ?M1) + ?01) - 202) / ?M2) AS ?value)

WHERE (
?arg2 qudt:conversionMultiplier 2Ml ;
qudt :conversionOffset 201
?arg3 qudt:conversionMultiplier 2M2
qudt:conversionOffset 202
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owl:equivalentClass rdf:type owl:SymmetricProperty.
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EastOfEden

stars
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subclassOf :MyChemical .





OEBPS/B9780123859655100111/u11-28-9780123859655.jpg
leighborsToo a q:Question;

asOption d:NTY, d:NTN, d:NTDK;

questionText "Are other customers in your building
also experiencing problems?".

d:NTY a q:Answer;
qianswerText "Yes, my neighbors are experiencing the
same problem.".

d:NTN a q:Answer;

nswerText "No, my neighbors are not experiencing
the same problem.".

d:NTDK a q:Answer;

q:answerText "I don’t know.
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mfg:Productl rdf:type [a owl:Restriction;
owl:onProperty mfg:Product_Product_Line
owl:hasValue "Paper machine" ].
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a [a owl:Restriction;
owlionProperty :iownsMovie;
owl:someValuesFrom :JudyGarlandMoviel .
:Paul a [a owl:Restriction;
owlionProperty :iownsMovie;
owl:someValuesFrom :JudiDenchMovie).
Paul a [ a owl:Restriction;
owl:onProperty iownsMovie;
owl:someValuesFrom :TomCruiseMovie].
[ a owl:Restriction;
owl:onProperty :ownsMovie;
owl:someValuesFrom :AntonioBanderasMovie] .
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Working together to grow
libraries in developing countries

wwwelsevicrcom | wwwebooksid.org | wwwsabreorg

ELSEVIER  BOOKAID  Sabre Foundation
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Ask:
SELECT 2company
WHERE {
(SELECT ?company ((SUM(2val)) AS ?total09)
WHERE (
?s a :Sale .
2?s :amount 2val
?s :company ?company .
25 :iyear 2009 . }
GROUP BY ?company |
{SELECT ?company ((SUM(?val)) AS ?totall0)
WHERE (
?s a :Sale .
2?s :amount ?val
2s :company 2company .
2?5 iyear 2010 .}
GROUP BY ?company |
FILTER (2totall0 > 2total09) . }

A
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c:WhatProblem a [a owl:Restriction;
owl:ionProperty q:hasPrerequisite;
owl:cardinality 0].
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dm:partOf rdfs:subPropertyOf gm:partOf.
gm:partOf rdf:type owl:TransitiveProperty.
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mfg:Productl rdf:type mfg:Paper Machine.
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SELECT  (((((10.0 * 2M1
WHERE (

unteiEllonster qudsconvszatonmltioller L.y
qudtiacnversachotest 101

qudt:conversionOffset 202 .

)
Answer: 6.2137119223733395

+ 201) - 202) / 2M2) AS ?value)

M2
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sales:Johannes sales:nextDeparture "May 31, 2008".
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?x rdf:type :C.
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ASK WHERE {?any :playedIn :Giant.
2any :bornOn Zbirthday .
FILTER (%birthday > “1950-01-01"""xsd:date) }





OEBPS/B978012385965510010X/u10-08-9780123859655.jpg
CONSTRUCT {?x rdf:type 2C}
WHERE (?x rdf:type ?B.

?B rdfs:subClassOf 2C .

)





OEBPS/B978012385965510010X/u10-14-9780123859655.jpg
NAL:38846 skos:closeMatch AGROVOC:c_7030 .
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:ElizabethTaylor skos:exactMatch dbpedia:Elizabeth_Taylor .
:RockHudson skos:exactMatch dbpedia:Rock_Hudson .
:SalMineo skos:exactMatch dbpedia:Sal Mineo .

Then we could change the query to be

SELECT DISTINCT ?name ?realname
WHERE (?actor iplayedIn :iGiant .
?actor skos:exactMatch 2db
SERVICE <http://dbpedia.org/sparql>
( 2db dbpedia:birthname ?realname }
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Ask:

SELECT 2actor
WHERE (?actor :playedIn
FILTER (?birthday > "1930-01-01""*xsd:date) }

Answer:
(none)
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5 @ owl:Thing
G-@Player
©-@AlIstarPlayer
Al1StarBasebal 1Player
©-@Basebal 1Player
i@ Al1StarBasebal1Player
© CarpPlayer
@ Tean
@ Al1StarTean
Al1StarBasebal 1Tean
©-@ Basebal 1Tean
@ Al1StarBasebal 1Tean
©-@ J8allTean
@ CentralleagueTeam
i.@ PacificLeagueTeam
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lit:Shakespeare b:hasChild (b:Susanna b:Judith b:Hamnet) .
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[a owl:Restriction;
owlionProperty :ounsMovie;
owl:someValuesFrom [owl:complementOf :JamesDeanMovie]]
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shop:ChamoisHenley rdf:type
shop:ChamoisHenley rdf:type
shop:ClassicOxford rdf:type
shop:ClassicOxford rdf:type

shop:Shirts.

shop:Menshear.
shop:Shirts.
shop:Menshear.

shop:BikerT rdf:type shop:Shirts.
shop:BikerT rdf:type shop:MensiWear.





OEBPS/B978012385965510007X/u07-25-9780123859655.jpg
Surgeon rdfs:subClassOf
Surgeon rdfs:subClassOf
:Kildare rdf:type :Surgeon.
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Irene owl:differentFrom :Ralph.
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skos:topConceptOf rdfs:subPropertyOf sko:
skos : topConceptOf owl:inverseOf skos:hasTopConcept
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Ask:

SELECT (fn:concat (2nl, * ", ?n2) AS ?probe)

WHERE ( authors:WorkingOntologist d
authors WorkingOntologist
2al authors:firstName ?nl
?a2 authors:firstName 2n2
FILTER (?al != ?a2)}

reator 7al
reator?a2

Kbt
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inSameRecipe

BeatEggs
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b:Shakespeares_Children foaf:member b:Hamnet.
b:Shakespeares_Children foaf:member b:Judith.
b:Shakespeares Children foaf:member b:Susanna.
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i ORILIRITONAtAT,
8 vaiue)
wERE ()
“The function call 10 qudtspin: convert. is doing all the work—there s nothing i the.
WHERE clause to maich at all!
The conversion of 32 degrees Fahrenheit to Centigrade looks very similar:
SELECT (qudtspin:convert (32.0, unit:DegrecFahrenheit, unit:DegreeCelsius)
25 2value)
WHERE ()
Asiowers &
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agrovoc:c_4397 skos:narrower agrovoc:c_7030 .
agrovoc:c_2746 skos:broader agrovoc:c_7030 .
agrovoc:c_4163 agrovocic_7030 .
agrovoc:c_6443 skos:broader agrovoc:c_7030 .
agrovoc:c 8369 skos:broader agrovoc:c 7030 .
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:borrows owl:equivalentProperty :
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type owlsontology ;

a
1:imports <

timports <ht

fpurL ora/goodrelations/vi> s
e einide aoayapi
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(b)
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d:STV a g:SelectedAnswer.
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Ask:
SELECT 2actor ?deathdate
WHERE {?actor :playedIn :Giant
2actor :diedon ?deathdate
F—
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hasPrerequisite rdfs:subPropertyOf :otherStep.
:prerequisiteFor rdfs:subPropertyOf :otherStep.
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CONSTRUCT {?y rdf:type ?D .}
WHERE (2P rdfs:range 2D .
2% 7P 2y .}
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skos:preflabel

a rdf:Property;

rdfs:label "preferred label"Gen;

rdfs:subPropertyOf rdfs:label.
skos:altLabel

a rdf:Property;

rdfs:label "alternative label"Gen;

rdfs:subPropertyOf rdfs:label.
skos:hiddenLabel

a rdf:Property;

rdfs:label "hidden label"@en;

rdfs:subPropertyOf rdfs:label.
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ElizabethI a :ParentOfBoysOnly.
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c:WhatProblem a g:EnabledQuestion.
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© JamesDean: JamesDeanMovie |

ol sanedt
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JamesDean:Giant .
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cof:type

raftype
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GraduallyMix :otherStep :AddMil.
‘otherStep :CookCustard;

therStep :TurnInFreezer;
therStep :AddSugar;
‘otherStep :SeparateEggs;
therStep :SliceBean;
therStep :HeatCream;

‘otherStep :Chill;
therStep :BeatEggs.
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:EliaKazan rdf:type :Director .
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nFreezer

dependson

@ Graduatiyix

dependson " . dependson

@ AddSugar @ Slicesean

dependson

@ Separatefggs
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skos:exactMatch rdfs:subPropertyOf skos:closeMatch .
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lit:Shakespeare lit:wrote lit:Hamlet.
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S8

@ horo:Planet astro:Planet
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d:WhatProblem g:hasSelectedOption d:STV.
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Poet rdfs:subClassOf [a owl:Restriction;
owlionProperty :iwrote;
owl:allValuesFrom :Poem].
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mi/t*
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WHERE {?actor :playedIn :Giant

V7dbpedta. orq/spa(ql)
7entry rdfs:label ?nas

_HcCanbridges

Hudson>

<http://dbpedia.org/resource/Sal_Mineos
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:JamesDeanExclusive owl:equivalentClass
[a owl:Restriction;
owlionProperty iownsMovie;
owl:allValuesFrom :JamesDeanMovie] .
iRockya JamesDeanExclusive.
Rocky a [a owl:Restriction;
owl:onProperty :ownsMovie;
owl:someValuesFrom :JudyGarlandMovie] .
:JudyGarlandMovie owl:disjointWith :JamesDeanMovie.






OEBPS/B9780123859655100111/u11-19-9780123859655.jpg
d:STV g:enablesCandidate d:TVsymptom.
d:SBoth q:enablesCandidate d:TVsymptom.
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Researcher owl:equivalentClass
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qudtspin:convert (?amt, ?qudtunit, unit:MinuteTime)
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q:Answer a owl:Class.

rdfs:domain q:Answer;
rdfs:range q:Question;
owl:inverseOf q:
q:hasOption a owl:ObjectProperty.
q:answerText a owl:DatatypeProperty;
rdfs:domain q:Answer;
rdfs:range xsd:string.
q:questionText a owl:FunctionalProperty,
owl:DatatypeProperty;
rdfs:domain g:Question;
rdfs:range xsd:string.
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ChildOfShakespeare.
b:Judith rdf:type b:ChildOfShakespeare.
b:Susanna rdf:type b:ChildOfShakespeare.
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:GraduallyMix :prerequisiteFor :AddMilk;
prerequisiteFor :CookCustard;
:prerequisiteFor :TurnInFreezer;
.prerequisiteFor :Chill.
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web:Wikipedia m:says q:nl.
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:EliaKazan rdfs:label "Elia Kazan"
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owl:TransitiveProperty

M prerequisi tefor

hasPrerequisite

I dependson
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agrovoc:c_7030 rdfs:label “Sheep"@en .
agrovoc:c_7030 rdfs:label "Ovin"@fr .
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:Homer :wrote :Thelliad.
Homer a :Poet.
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CONSTRUCT {?d rdf:type :Director .
2d rdfs:label ?name . }
WHERE (?any :directedBy 2d .
2d rdfs:label ?name . }
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? rdf:type bio:Woman;
bio:livedIn geo:England.
lit:Sonnet78 lit:hasInspiration ?
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:Karen :hasMaidenName "Stephens".
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SELECT ?person
WHERE (2person a :Person .
2person :bornOn ?birthday .
FILTER (?birthday > "Jan 1, 1960"""xsd
FILTER (?birthday < "Dec 31, 1969"""xs:
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dayspa:Offering_3 a gr:0ffering
asPriceSpecification dayspa:Pricespec_3 ;
gr:includesObject dayspa:Quantity 3 .
dayspa:Quantity 3 a gr:TypeAndQuantityNode ;
gr:type0fGood dayspa:Service 3 ;
gr:hasUnitOfMeasurement "MIN'“xsd:string ;
gr:amountOfThisGood "15"*“xsd:float .
dayspa:Service_3 a griProductOrService ;
rdfs:label “Chair Massage" .
dayspa:PriceSpec_3 a gr:UnitPriceSpecification ;
gr:hasCurrency "USD"~*xsd:string ;
gr:hasCurrencyValue "15.00"~*xsd:float .
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ubject lit:Shakespeare;
redicate lit:wrote;
rdf:object lit:Hamlet.
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Paul rdf:type :ManyMovieOwner.
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:ParentOfBoysOnly owl:equivalentClass
[a owl:Restriction;

nProperty :hasChild;

11lvaluesFrom :Boy].
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CONSTRUCT {

?0 gr:includesObject
rdfitype griTypeAndQuantityNode.
griamountOfThisGood "1.0"*"xsd:float.
gr:hasUnitOfMeasurement "C62""“xsd:string.
gr:typeofGood ?p.}

WHERE

20 rdf:type gr:Offering.
?0 gr:includes ?p. }
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q:enablesCandidate a owl:ObjectPropert:
rdfs:domain q:Answer;
rdfs:irange g:Question.
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Researcher rdfs:subClassOf :Analyst.
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shop:
shop
shop
shop

lenleys rdfs:subClassOf shop:Shirts.
hirts rdfs:subClassOf shop:MensWear.
louses rdfs:subClassOf shop:WomensWear.
xfords rdfs:subClassOf shop:Shirts.

shop:TShirts rdfs:subClassOf shop:Shirts.
shop:Henleys.

shop
shop.
shop.

hamoisHenley
ChamoisHenley
ChamoisHenley
shop:ClassicOxford
shop:ClassicOxford rdf:type shop:Shirts.
shop:ClassicOxford rdfitype shop:Mensiear.
shop:BikerT rdf:type shop:Tshirts.
shop:BikerT rdf:type shop:Shirts.
shop:BikerT rdf:type shop:MensWear.
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GraduallyMix
hasPrerequisite
hasPrerequisite
:hasPrerequisite

hasPrerequisite

asPrerequisite

AddSugar;

:SeparateEggs;

SliceBean;

:HeatCream;
BeatEggs.
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lit:Sonnet78 lit:hasInspiration [a :Woman;
bio:livedIn geo:England].
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lonitor owl:equivalentClass
estriction;

nProperty mfg:Product_Product_Line
asvalue "Monitor"].

quivalentClass
estriction;

owl:onProperty mfg:Product_Product_Line
asvalue "Safety Valve®].
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SELECT ?actor
WHERE (?actor :playedIn :EastOfEden .
FILTER (2q0 > "1930-01-01"~"xsd:date) }
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/www.fao.org/aos/agrovoc>.
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SELECT *

WHERE |

20ffering a gr:Offering ;
gr:hasPriceSpecification ?pricespec;
gr:includesObject ?quantity

2quantity a gr:TypeAndQuantityNode ;
gr:type0fGood ?service ;
gr:hasUnitOfMeasurement ?2UNunit ;
gr:amountOfThisGood ?amt

?service a gr:ProductOrService ;
rdfs:label ?servicename

?pricespec
a griUnitPriceSpecification ;
gr:hasCurrency 2currency ;
gr:hasCurrencyValue ?price
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q:EnabledQuestion a owl:Class.
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?x :R ?y
2% 1S 2y,
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definition rdfs:subPropertyOf skos:note.
copelote rdfs:subPropertyOf skosinote.
xample rdfs:subPropertyOf skosinote.
istoryNote rdfs:subPropertyOf skos:inote.
ditorialNote rdfs:subProperty0f skosinote.
skos:changeNote rdfs:subPropertyOf skos:note.
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bio:nl bio:author lit:Shakespeare.
bio:nl bio:title “Hamlet”.
bio:nl bio:publicationDate 1601.
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SELECT ?actor
WHERE (?actor :playedIn :EastOfEden .
?actor :bornOn ?birthday .
FILTER (?birthday > "1930-01-01"*"xsd:date) }
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nastother
nassister Eun;

We could wit a e relating fher (0 som a5

consTRUCT (741 shasson 142 -
WHERE (762 chasEather 2611

But tis wouldn't it work the way we want; wile we do consiuet

o0 shasson 1John

s desied, we aso concude

which is not he usual intrpreation of “son”.
So.we need o restit the e i, o that i oy appies o men:

consTRUCT (741 shasson 147
PR,

232 Thasfather a1}

SPARQL llows us 1 b as spcifc 5 we want when witing a .
The rule ahout Socrates i leady resrcted ust 0 men:
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borrows rdfs:subPropertyOf :checkedOut.
:checkedOut rdfs:subPropertyOf :borrows.
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[ rdf:type bio:Woman;
bio:livedIn geo:England ]
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plush:0ffering_1 gr:includes plus:Service 1 .
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lamnet b:memberOf b:Shakespeares_Children.
b:Judith b:memberOf b:Shakespeares_Children.
b:Susanna b:memberOf b:Shakespeares Children.
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owl:minCardinality.
:ManyMovieOwner
owliequivalentClass
[a owl:Restriction;

owl:ionProperty :ownsMovie;
owl:minCardinality 4].
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