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Preface



Natural Language Processing (NLP) has been used to address a wide range of problems, including support for search engines, summarizing and classifying text for web pages, and incorporating machine learning technologies to solve problems such as speech recognition and query analysis. It has found use wherever documents contain useful information.
NLP is used to enhance the utility and power of applications. It does so by making user input easier and converting text to more usable forms. In essence, NLP processes natural text found in a variety of sources, using a series of core NLP tasks to transform or extract information from the text.
This book focuses on core NLP tasks that will likely be encountered in an NLP application. Each NLP task presented in this book starts with a description of the problem and where it can be used. The issues that make each task difficult are introduced so that you can understand the problem in a better way. This is followed by the use of numerous Java techniques and APIs to support an NLP task.
What this book covers




Chapter 1, Introduction to NLP, explains the importance and uses of NLP. The NLP techniques used in this chapter are explained with simple examples illustrating their use.

Chapter 2, Finding Parts of Text, focuses primarily on tokenization. This is the first step in more advanced NLP tasks. Both core Java and Java NLP tokenization APIs are illustrated.

Chapter 3, Finding Sentences, proves that sentence boundary disambiguation is an important NLP task. This step is a precursor for many other downstream NLP tasks where text elements should not be split across sentence boundaries. This includes ensuring that all phrases are in one sentence and supporting parts of speech analysis.

Chapter 4, Finding People and Things, covers what is commonly referred to as Named Entity Recognition. This task is concerned with identifying people, places, and similar entities in text. This technique is a preliminary step for processing queries and searches.

Chapter 5, Detecting Parts of Speech, shows you how to detect parts of speech, which are grammatical elements of text, such as nouns and verbs. Identifying these elements is a significant step in determining the meaning of text and detecting relationships within text.

Chapter 6, Classifying Texts and Documents, proves that classifying text is useful for tasks such as spam detection and sentiment analysis. The NLP techniques that support this process are investigated and illustrated.

Chapter 7, Using Parser to Extract Relationships, demonstrates parse trees. A parse tree is used for many purposes, including information extraction. It holds information regarding the relationships between these elements. An example implementing a simple query is presented to illustrate this process.

Chapter 8, Combined Approaches, contains techniques for extracting data from various types of documents, such as PDF and Word files. This is followed by an examination of how the previous NLP techniques can be combined into a pipeline to solve larger problems.



What you need for this book



Java SDK 7 is used to illustrate the NLP techniques. Various NLP APIs are needed and can be readily downloaded. An IDE is not required but is desirable.

Who this book is for



Experienced Java developers who are interested in NLP techniques will find this book useful. No prior exposure to NLP is required.

Conventions



In this book, you will find a number of styles of text that distinguish between different kinds of information. Here are some examples of these styles, and explanations of their meanings.
Code words in text are shown as follows: "The keyset method returns a set of all the annotation keys currently held by the Annotation object."
Database table names, folder names, filenames, file extensions, pathnames, dummy URLs, user input, and Twitter handles are shown as follows: "To demonstrate the use of POI, we will use a file called TestDocument.pdf."
A block of code is set as follows:
for (int index = 0; index < sentences.length; index++) {
    String tokens[] = tokenizer.tokenize(sentences[index]);
    Span nameSpans[] = nameFinder.find(tokens);
    for(Span span : nameSpans) {
        list.add("Sentence: " + index
            + " Span: " + span.toString() + " Entity: "
            + tokens[span.getStart()]);
    }
}

The output of code sequences looks like what is shown here:

Sentence: 0 Span: [0..1) person Entity: Joe
Sentence: 0 Span: [7..9) person Entity: Fred
Sentence: 2 Span: [0..1) person Entity: Joe



New terms and important words are shown in bold.
Note
Warnings or important notes appear in a box like this.


Tip
Tips and tricks appear like this.



Reader feedback



Feedback from our readers is always welcome. Let us know what you think about this book—what you liked or disliked. Reader feedback is important for us as it helps us develop titles that you will really get the most out of.
To send us general feedback, simply e-mail <feedback@packtpub.com>, and mention the book's title in the subject of your message.
If there is a topic that you have expertise in and you are interested in either writing or contributing to a book, see our author guide at www.packtpub.com/authors.

Customer support



Now that you are the proud owner of a Packt book, we have a number of things to help you to get the most from your purchase.
Downloading the example code



You can download the example code files for all Packt books you have purchased from your account at http://www.packtpub.com. If you purchased this book elsewhere, you can visit http://www.packtpub.com/support and register to have the files e-mailed directly to you.

Errata



Although we have taken every care to ensure the accuracy of our content, mistakes do happen. If you find a mistake in one of our books—maybe a mistake in the text or the code—we would be grateful if you would report this to us. By doing so, you can save other readers from frustration and help us improve subsequent versions of this book. If you find any errata, please report them by visiting http://www.packtpub.com/submit-errata, selecting your book, clicking on the errata submission form link, and entering the details of your errata. Once your errata are verified, your submission will be accepted and the errata will be uploaded on our website, or added to any list of existing errata, under the Errata section of that title. Any existing errata can be viewed by selecting your title from http://www.packtpub.com/support.

Piracy



Piracy of copyrighted material on the Internet is an ongoing problem across all media. At Packt, we take the protection of our copyright and licenses very seriously. If you come across any illegal copies of our works in any form on the Internet, please provide us with the location address or website name immediately so that we can pursue a remedy.
Please contact us at <copyright@packtpub.com> with a link to the suspected pirated material.
We appreciate your help in protecting our authors and our ability to bring you valuable content.

Questions



If you have a problem with any aspect of this book, you can contact us at <questions@packtpub.com>, and we will do our best to address the problem.


Chapter 1. Introduction to NLP




Natural Language Processing (NLP) is a broad topic focused on the use of computers to analyze natural languages. It addresses areas such as speech processing, relationship extraction, document categorization, and summation of text. However, these types of analysis are based on a set of fundamental techniques such as tokenization, sentence detection, classification, and extracting relationships. These basic techniques are the focus of this book. We will start with a detailed discussion of NLP, investigate why it is important, and identify application areas.
There are many tools available that support NLP tasks. We will focus on the Java language and how various Java Application Programmer Interfaces (APIs) support NLP. In this chapter, we will briefly identify the major APIs, including Apache's OpenNLP, Stanford NLP libraries, LingPipe, and GATE.
This is followed by a discussion of the basic NLP techniques illustrated in this book. The nature and use of these techniques is presented and illustrated using one of the NLP APIs. Many of these techniques will use models. Models are similar to a set of rules that are used to perform a task such as tokenizing text. They are typically represented by a class that is instantiated from a file. We round off the chapter with a brief discussion on how data can be prepared to support NLP tasks.
NLP is not easy. While some problems can be solved relatively easily, there are many others that require the use of sophisticated techniques. We will strive to provide a foundation for NLP processing so that you will be able to understand better which techniques are available and applicable for a given problem.
NLP is a large and complex field. In this book, we will only be able to address a small part of it. We will focus on core NLP tasks that can be implemented using Java. Throughout this book, we will demonstrate a number of NLP techniques using both the Java SE SDK and other libraries, such as OpenNLP and Stanford NLP. To use these libraries, there are specific API JAR files that need to be associated with the project in which they are being used. A discussion of these libraries is found in the Survey of NLP tools section and contains download links to the libraries. The examples in this book were developed using NetBeans 8.0.2. These projects required the API JAR files to be added to the Libraries category of the Projects Properties dialog box.
What is NLP?



A formal definition of NLP frequently includes wording to the effect that it is a field of study using computer science, artificial intelligence, and formal linguistics concepts to analyze natural language. A less formal definition suggests that it is a set of tools used to derive meaningful and useful information from natural language sources such as web pages and text documents.
Meaningful and useful implies that it has some commercial value, though it is frequently used for academic problems. This can readily be seen in its support of search engines. A user query is processed using NLP techniques in order to generate a result page that a user can use. Modern search engines have been very successful in this regard. NLP techniques have also found use in automated help systems and in support of complex query systems as typified by IBM's Watson project.
When we work with a language, the terms, syntax, and semantics, are frequently encountered. The syntax of a language refers to the rules that control a valid sentence structure. For example, a common sentence structure in English starts with a subject followed by a verb and then an object such as "Tim hit the ball". We are not used to unusual sentence order such as "Hit ball Tim". Although the rule of syntax for English is not as rigorous as that for computer languages, we still expect a sentence to follow basic syntax rules.
The semantics of a sentence is its meaning. As English speakers, we understand the meaning of the sentence "Tim hit the ball". However, English and other natural languages can be ambiguous at times and a sentence's meaning may only be determined from its context. As we will see, various machine learning techniques can be used to attempt to derive the meaning of text.
As we progress with our discussions, we will introduce many linguistic terms that will help us better understand natural languages and provide us with a common vocabulary to explain the various NLP techniques. We will see how the text can be split into individual elements and how these elements can be classified.
In general, these approaches are used to enhance applications, thus making them more valuable to their users. The uses of NLP can range from relatively simple uses to those that are pushing what is possible today. In this book, we will show examples that illustrate simple approaches, which may be all that is required for some problems, to the more advanced libraries and classes available to address sophisticated needs.


Why use NLP?



NLP is used in a wide variety of disciplines to solve many different types of problems. Text analysis is performed on text that ranges from a few words of user input for an Internet query to multiple documents that need to be summarized. We have seen a large growth in the amount and availability of unstructured data in recent years. This has taken forms such as blogs, tweets, and various other social media. NLP is ideal for analyzing this type of information.
Machine learning and text analysis are used frequently to enhance an application's utility. A brief list of application areas follow:
	Searching: This identifies specific elements of text. It can be as simple as finding the occurrence of a name in a document or might involve the use of synonyms and alternate spelling/misspelling to find entries that are close to the original search string.
	Machine translation: This typically involves the translation of one natural language into another.
	Summation: Paragraphs, articles, documents, or collections of documents may need to be summarized. NLP has been used successfully for this purpose.
	Named Entity Recognition (NER): This involves extracting names of locations, people, and things from text. Typically, this is used in conjunction with other NLP tasks such as processing queries.
	Information grouping: This is an important activity that takes textual data and creates a set of categories that reflect the content of the document. You have probably encountered numerous websites that organize data based on your needs and have categories listed on the left-hand side of the website.
	Parts of Speech Tagging (POS): In this task, text is split up into different grammatical elements such as nouns and verbs. This is useful in analyzing the text further.
	Sentiment analysis: People's feelings and attitudes regarding movies, books, and other products can be determined using this technique. This is useful in providing automated feedback with regards to how well a product is perceived.
	Answering queries: This type of processing was illustrated when IBM's Watson successfully won a Jeopardy competition. However, its use is not restricted to winning game shows and has been used in a number of other fields including medicine.
	Speech recognition: Human speech is difficult to analyze. Many of the advances that have been made in this field are the result of NLP efforts.
	Natural Language Generation: This is the process of generating text from a data or knowledge source, such as a database. It can automate reporting of information such as weather reports, or summarize medical reports.


NLP tasks frequently use different machine learning techniques. A common approach starts with training a model to perform a task, verifying that the model is correct, and then applying the model to a problem. We will examine this process further in Understanding NLP models later in the chapter.

Why is NLP so hard?



NLP is not easy. There are several factors that makes this process hard. For example, there are hundreds of natural languages, each of which has different syntax rules. Words can be ambiguous where their meaning is dependent on their context. Here, we will examine a few of the more significant problem areas.
At the character level, there are several factors that need to be considered. For example, the encoding scheme used for a document needs to be considered. Text can be encoded using schemes such as ASCII, UTF-8, UTF-16, or Latin-1. Other factors such as whether the text should be treated as case-sensitive or not may need to be considered. Punctuation and numbers may require special processing. We sometimes need to consider the use of emoticons (character combinations and special character images), hyperlinks, repeated punctuation (… or ---), file extension, and usernames with embedded periods. Many of these are handled by preprocessing text as we will discuss in Preparing data later in the chapter.
When we Tokenize text, it usually means we are breaking up the text into a sequence of words. These words are called 
Tokens. The process is referred to as 
Tokenization. When a language uses whitespace characters to delineate words, this process is not too difficult. With a language like Chinese, it can be quite difficult since it uses unique symbols for words.
Words and morphemes may need to be assigned a part of speech label identifying what type of unit it is. A Morpheme is the smallest division of text that has meaning. Prefixes and suffixes are examples of morphemes. Often, we need to consider synonyms, abbreviation, acronyms, and spellings when we work with words.
Stemming is another task that may need to be applied. Stemming is the process of finding the word stem of a word. For example, words such as "walking", "walked", or "walks" have the word stem "walk". Search engines often use stemming to assist in asking a query.
Closely related to stemming is the process of Lemmatization. This process determines the base form of a word called its lemma. For example, for the word "operating", its stem is "oper" but its lemma is "operate". Lemmatization is a more refined process than stemming and uses vocabulary and morphological techniques to find a lemma. This can result in more precise analysis in some situations.
Words are combined into phrases and sentences. Sentence detection can be problematic and is not as simple as looking for the periods at the end of a sentence. Periods are found in many places including abbreviations such as Ms. and in numbers such as 12.834.
We often need to understand which words in a sentence are nouns and which are verbs. We are sometimes concerned with the relationship between words. For example, Coreferences resolution determines the relationship between certain words in one or more sentences. Consider the following sentence:
"The city is large but beautiful. It fills the entire valley."
The word "it" is the coreference to city. When a word has multiple meanings we might need to perform Word Sense Disambiguation to determine the meaning that was intended. This can be difficult to do at times. For example, "John went back home".
Does the home refer to a house, a city, or some other unit? Its meaning can sometimes be inferred from the context in which it is used. For example, "John went back home. It was situated at the end of a cul-de-sac."
Note
In spite of these difficulties, NLP is able to perform these tasks reasonably well in most situations and provide added value to many problem domains. For example, sentiment analysis can be performed on customer tweets resulting in possible free product offers for dissatisfied customers. Medical documents can be readily summarized to highlight the relevant topics and improved productivity.

Summarization is the process of producing a short description of different units. These units can include multiple sentences, paragraphs, a document, or multiple documents. The intent may be to identify those sentences that convey the meaning of the unit, determine the prerequisites for understanding a unit, or to find items within these units. Frequently, the context of the text is important in accomplishing this task.
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