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Foreword
      

      I’m a big fan of search engines and Java, so early in the year 2004 I was looking for a good Java-based open source project
         on search engines. I quickly discovered Nutch. Nutch is an open source search engine project from the Apache Software Foundation.
         It was initiated by Doug Cutting, the well-known father of Lucene.
      

      With my new toy on my laptop, I tested and tried to evaluate it. Even if Nutch was in its early stages, it was a promising
         project—exactly what I was looking for. I proposed my first patches to Nutch relating to language identification in early
         2005. Then, in the middle of 2005 I become a Nutch committer and increased my number of contributions relating to language
         identification, content-type guessing, and document analysis. Looking more deeply at Lucene, I discovered a wide set of projects
         around it: Nutch, Solr, and what would eventually become Mahout. Lucene provides its own analysis tools, as do Nutch and Solr,
         and each one employs some “proprietary” interfaces to deal with analysis engines.
      

      So I consulted with Chris Mattmann, another Nutch committer with whom I had worked, about the potential for refactoring all
         these disparate tools in a common and standardized project. The concept of Tika was born.
      

      Chris began to advocate for Tika as a standalone project in 2006. Then Jukka Zitting came into the picture and took the lead
         on the Tika project; after a lot of refactoring and enhancements, Tika became a Lucene top-level project.
      

      At that point in time, Tika was being used in Nutch, Droids (an Incubator project that you’ll hear about in chapter 10), and many non-Lucene projects—the activity on Tika mailing lists was indicative of this. The next promising steps for the
         project involved plugging Tika into top-level Lucene projects, such as Lucene itself or Solr. That amounted to a big challenge,
         as it required Tika to provide a flexible and robust set of interfaces that could be used in any programming context where
         metadata analysis was needed.
      

      Luckily, Tika got there. With this book, written by Tika’s two main creators and maintainers, Chris and Jukka, you’ll understand
         the problems of document analysis and document information extraction. They first explain to the reader why developers have
         such a need for Tika. Today, content handling and analysis are basic building blocks of all major modern services: search
         engines, content management systems, data mining, and other areas.
      

      If you’re a software developer, you’ve no doubt needed, on many occasions, to guess the encoding, formatting, and language
         of a file, and then to extract its metadata (title, author, and so on) and content. And you’ve probably noticed that this
         is a pain. That’s what Tika does for you. It provides a robust toolkit to easily handle any data format and to simplify this painful process.
      

      Chris and Jukka explain many details and examples of the Tika API and toolkit, including the Tika command-line interface and
         its graphical user interface (GUI) that you can use to extract information about any type of file handled by Tika. They show
         how you can use the Tika Application Programming Interface (API) to integrate Tika commodities directly with your own projects.
         You’ll discover that Tika is both simple to use and powerful. Tika has been carefully designed by Chris and Jukka and, despite
         the internal complexity of this type of library, Tika’s API and tools are simple and easy to understand and to use.
      

      Finally, Chris and Jukka show many real-life uses cases of Tika. The most noticeable real-life projects are Tika powering
         the NASA Science Data Systems, Tika curating cancer research data at the National Cancer Institute’s Early Detection Research
         Network, and the use of Tika for content management within the Apache Jackrabbit project. Tika is already used in many projects.
      

      I’m proud to have helped launch Tika. And I’m extremely grateful to Chris and Jukka for bringing Tika to this level and knowing
         that the long nights I spent writing code for automatic language identification for the MIME type repository weren’t in vain.
         To now make (even) a small contribution, for example, to assist in research in the fight against cancer, goes straight to
         my heart.
      

      Thank you both for all your work, and thank you for this book.

      JÉRÔME CHARRON
CHIEF TECHNICAL OFFICER
WEBPULSE

      



Preface
      

      While studying information retrieval and search engines at the University of Southern California in the summer of 2005, I
         became interested in the Apache Nutch project. My professor, Dr. Ellis Horowitz, had recently discovered Nutch and thought
         it a good platform for the students in the course to get real-world experience during the final project phase of his “CS599:
         Seminar on Search Engines” course.
      

      After poking around Nutch and digging into its innards, I decided on a final project. It was a Really Simple Syndication (RSS)
         plugin described in detail in NUTCH-30.[1] The plugin read an RSS file, extracted its outgoing web links and text, and fed that information back into the Nutch crawler
         for later indexing and retrieval.
      

      
         1https://issues.apache.org/jira/browse/NUTCH-30

      

      Seemingly innocuous, the class taught me a great detail about search engines, and helped pinpoint the area of search I was
         interested in—content detection and extraction.
      

      Fast forward to 2007: after I eventually became a Nutch committer, and focused in on more parsing-related issues (updates
         to the Nutch parser factory, metadata representation updates, and so on), my Nutch mentor Jérôme Charron and I decided that
         there was enough critical mass of code in Nutch related to parsing (parsing, language identification, extraction, and representation)
         that it warranted its own project. Other projects were doing it—rumblings of what would eventually become Hadoop were afoot—which
         led us to believe that the time was ripe for our own project. Since naming projects after children’s stuffed animals was popular
         at the time, we felt we could do the same, and Tika was born (named after Jérôme’s daughter’s stuffed animal).
      

      It wasn’t as simple as we thought. After getting little interest from the broader Lucene community (Nutch was a Lucene subproject
         and thus the project we were proposing had to go through the Lucene PMC), and with Jérôme and I both taking on further responsibility
         that took time away from direct Nutch development, what would eventually be known as Tika began to fizzle away.
      

      That’s where the other author of this book comes in. Jukka Zitting, bless him, was keenly interested in a technology, separate
         from the behemoth Nutch codebase, that would perform the types of things that we had carved off as Tika core capabilities:
         parsing, text extraction, metadata extraction, MIME detection, and more. Jukka was a seasoned Apache veteran, so he knew what
         to do. Jukka became a real leader of the original Tika proposal, took it to the Apache Incubator, and helped turn Tika into
         a real Apache project.
      

      After working with Jukka for a year or so in the Incubator community, we took our show on the road back to Lucene as a subproject
         when Tika graduated. Over a period of two years, we made seven Tika releases, infected several popular Apache projects (including
         Lucene, Solr, Nutch, and Jackrabbit), and gained enough critical mass to grow into a full-fledged Apache Top Level Project
         (TLP).
      

      But we weren’t done there. I don’t remember the exact time during the Christmas season in 2009 when I decided it was time
         to write a book, but it matters little. When I get an idea in my head, it’s hard to get it out. This book was happening. Tika in Action was happening. I approached Jukka and asked him how he felt. In characteristic fashion, he was up for the challenge.
      

      We sure didn’t know what we were getting ourselves into! We didn’t know that the rabbit hole went this deep. That said, I
         can safely say I don’t think we could’ve taken any other path that would’ve been as fulfilling, exciting, and rewarding. We
         really put our hearts and souls into creating this book. We sincerely hope you enjoy it. I think I speak for both of us in
         saying, I know we did!
      

      CHRIS MATTMANN
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About this Book
      

      We wrote Tika in Action to be a hands-on guide for developers working with search engines, content management systems, and other similar applications
         who want to exploit the information locked in digital documents. The book introduces you to the world of mining text and binary
         documents and other information sources like internet media types and Dublin Core metadata. Then it shows where Tika fits
         within this landscape and how you can use Tika to build and extend applications. Case studies present real-world experience
         from domains ranging from search engines to digital asset management and scientific data processing.
      

      In addition to the architectural overviews, you will find more detailed information in the later chapters that focus on advanced
         features like XMP metadata processing, automatic language detection, and custom parser extensions. The book also describes
         common file formats like MS Word, PDF, HTML, and Zip, and open source libraries used to process files in these formats. The
         included code examples are designed to support hands-on experimentation.
      

      No previous knowledge of Tika or text mining techniques is required. The book will be most valuable to readers with a working
         knowledge of Java.
      

      
Roadmap
      

      Chapter 1 gives the reader a contextual overview of Tika, including its history, its core capabilities, and some basic use cases where
         Tika is most helpful. Tika includes abilities for file type identification, text extraction, integration of existing parsing
         libraries, and language identification.
      

      Chapter 2 jumps right into using Tika, including instructions for downloading it, building it as a software library, and using Tika
         in a downstream Maven or Ant project. Quick tips for getting Tika up and running rapidly are present throughout the chapter.
      

      Chapter 3 introduces the reader to the information landscape and identifies where and how information is fed into the Tika framework.
         The reader will be introduced to the principles of the World Wide Web (WWW), its architecture, and how the web and Tika synergistically
         complement one another.
      

      Chapter 4 takes the reader on a deep dive into MIME type identification, covering topics ranging from the MIME hierarchy of the web,
         to identifying of unique byte pattern signatures present in every file, to other means (such as regular expressions and file
         extensions) of identifying files.
      

      Chapter 5 introduces the reader to content extraction with Tika. It starts with a simple full-text extraction and indexing example
         using the Tika facade, and continues with a tour of the core Parser interface and how Tika uses it for content extraction. The reader will learn useful techniques for things such as extracting
         all links from a document or processing Zip archives and other composite documents.
      

      Chapter 6 covers metadata. The chapter begins with a discussion of what metadata means in the context of Tika, along with a short classification
         of the existing metadata models that Tika supports. Tika’s metadata API is discussed in detail, including how it helps to
         normalize and validate metadata instances. The chapter describes how to supercharge the LuceneIndexer from chapter 5 and turn it into an RSS-based file notification service in a few simple lines of code.
      

      Chapter 7 introduces the topic of language identification. The language a document is written in is a highly useful piece of metadata,
         and the chapter describes mechanisms for automatically identifying written languages. The reader will encounter the most translated
         document in the world and see how Tika can correctly identify the language used in many of the translations.
      

      Chapter 8 gives the reader an in-depth overview of how files represent information, in terms of their content organization, their storage
         representation, and the way that metadata is codified, all the while showing how Tika hides this complexity and pulls information
         from these files. The reader takes an in-depth look at Tika’s RSS and HDF5 parser classes, and learns how Tika’s parsers codify
         the heterogeneity of files, and how you can develop your own parsers using similar methodologies.
      

      Chapter 9 reviews the best places to leverage Tika in your information management software, including pointing out key use cases where
         Tika can solely (or with a little glue code) implement many of the high-end features of the system. Document record archives,
         text mining, and search engines are all topics covered.
      

      Chapter 10 educates the reader in the vocabulary of the Lucene ecosystem. Mahout, ManifoldCF, Lucene, Solr, Nutch, Droids—all of these
         will roll off the tongue by the time you’re done surveying Lucene’s rich and vibrant community. Lucene was the birthplace
         of Tika, specifically within the Apache Nutch project, and this chapter takes the opportunity to show you how Tika has grown
         up over the years into the load-bearing walls of the entire Lucene ecosystem.
      

      Chapter 11 explains what to do when stock Tika out of the box doesn’t handle your file type identification, extraction, and representation
         needs. Read: you don’t have to pick another whiz-bang technology—you simply extend Tika. We show you how in this chapter,
         taking you start-to-end through an example of a prescription file type that you may exchange with a doctor.
      

      Chapter 12 is the first case study of the book, and it’s high-visibility. We show you how NASA and its planetary and Earth science communities
         are using Tika to search planetary images, to extract data and metadata from Earth science files, and to identify content
         for dissemination and acquisition.
      

      Chapter 13 shows you how the Apache Jackrabbit content repository, a key component in many content and document management systems,
         uses Tika to implement full-text search and WebDAV integration.
      

      Chapter 14 presents how Tika is used at the National Cancer Institute, helping to power data systems for the Early Detection Research
         Network (EDRN). We show you how Tika is an integral component of another Apache technology, OODT, the data system infrastructure
         used to power many national-scale data systems. Tika helps to detect file types, and helps to organize cancer information
         as it’s catalogued, archived, and made available to the broader scientific community.
      

      For chapter 15, we interviewed Ken Krugler and Chris Schneider of Bixo Labs about how they used Tika to classify and identify content from
         the Public Terabyte Dataset project, an ambitious endeavor to make available a traditional web-scale dataset for public use.
         Using Tika, Ken and his team demonstrate a classic search engine example, and identify several areas of improvement and future
         work in Tika including language identification and charset detection.
      

      The book contains two appendixes. The first is a Tika quick reference. Think of it as a cheat-sheet for using Tika, its commands,
         and a compact form of some of Tika’s documentation. The second appendix is a description of Tika’s relevant metadata keys,
         giving the reader an idea of how and when to use them in a custom parser, in any of the existing Parser classes that ship with Tika, or in any downstream program or analysis desired.
      

      
Code conventions and downloads
      

      All source code in the book is in a fixed-width font like this, which sets it off from the surrounding text. In many listings, the code is annotated to point out key concepts, and numbered
         bullets are sometimes used in the text to provide additional information about the code.
      

      The source code for the examples in the book is available for download from the publisher’s website at www.manning.com/TikainAction. The code is organized by chapter and contains special markers that link individual code snippets to specific sections in
         the book. See the respective chapters for details about the dependencies required to compile and run the examples.
      

      All the example source code has been written for and tested with Tika version 1.0 and should work with any future Tika 1.x
         release. Visit http://tika.apache.org/ to download the latest Tika release. See chapter 2 for more details on how to get started.
      

      
Author Online
      

      The purchase of Tika in Action includes free access to a public forum run by Manning Publications. The Tika in Action Author Online forum allows readers of the book to log on, write comments, interact with the authors, and discuss the book.
         Please feel free to jump on and share your thoughts!
      

      You will find the Author Online link on the publisher’s website at www.manning.com/TikainAction.
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About the Cover Illustration
      

      The figure on the cover of Tika in Action is captioned “Habit of Turkish Courtesan in 1568” and is taken from the four-volume Collection of the Dresses of Different Nations by Thomas Jefferys, published in London between 1757 and 1772. The collection, which includes beautiful hand-colored copperplate
         engravings of costumes from around the world, has influenced theatrical costume design since its publication.
      

      The diversity of the drawings in the Collection of the Dresses of Different Nations speaks vividly of the richness of the costumes presented on the London stage over 200 years ago. The costumes, both historical
         and contemporaneous, offered a glimpse into the dress customs of people living in different times and in different countries,
         making them come alive for London theater audiences.
      

      Dress codes have changed in the last century and the diversity by region, so rich in the past, has faded away. It’s now often
         hard to tell the inhabitant of one continent from another. Perhaps, trying to view it optimistically, we’ve traded a cultural
         and visual diversity for a more varied personal life. Or a more varied and interesting intellectual and technical life.
      

      We at Manning celebrate the inventiveness, the initiative, and the fun of the computer business with book covers based on
         the rich diversity of regional and theatrical life of two centuries ago, brought back to life by the pictures from this collection.
      

      


Part 1. Getting started
      

      
         “The Babel fish,” said The Hitchhiker’s Guide to the Galaxy quietly, “is small, yellow and leech-like, and probably the oddest
               thing in the Universe. It feeds on brainwave energy not from its carrier but from those around it. It absorbs all unconscious
               mental frequencies from this brainwave energy to nourish itself with. It then excretes into the mind of its carrier a telepathic
               matrix formed by combining the conscious thought frequencies with nerve signals picked up from the speech centers of the brain
               which has supplied them. The practical upshot of all this is that if you stick a Babel fish in your ear you can instantly
               understand anything said to you in any form of language.”

         Douglas Adams, The Hitchhiker’s Guide to the Galaxy

      

      This first part of the book will familiarize you with the necessity of being able to rapidly process, integrate, compare,
         and most importantly understand the variety of content available in the digital world. Likely you’ve encountered only a subset of the thousands of media
         types that exist (PDF, Word, Excel, HTML, just to name a few), and you likely need dozens of applications to read each type,
         edit and add text to it, view the text, copy and paste between documents, and include that information in your software programs
         (if you’re a programmer geek like us).
      

      We’ll try to help you tackle this problem by introducing you to Apache Tika—a software framework focused on automatic media
         type identification, text extraction, and metadata extraction. Our goal for this part of the book is to equip you with historical
         knowledge (Tika’s motivation, history, and inception), practical knowledge (how to download and install it and leverage Tika
         in your application), and the steps required to start using Tika to deal with the proliferation of files available at your
         fingertips.
      

      


Chapter 1. The case for the digital Babel fish
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The Babel fish in Douglas Adams’ book The Hitchhiker’s Guide to the Galaxy is a universal translator that allows you to understand all the languages in the world. It feeds on data that would otherwise
         be incomprehensible, and produces an understandable translation. This is essentially what Apache Tika, a nascent technology
         available from the Apache Software Foundation, does for digital documents. Just like the protagonist Arthur Dent, who after
         inserting a Babel fish in his ear could understand Vogon poetry, a computer program that uses Tika can extract text and objects
         from Microsoft Word documents and all sorts of other files. Our goal in this book is to equip you with enough understanding
         of Tika’s architecture, implementation, extension points, and philosophy that the process of making your programs file-agnostic
         is equally simple.
      

      In the remainder of this chapter, we’ll familiarize you with the importance of understanding the vast array of content that
         has sprung up as a result of the information age. PDF files, Microsoft Office files (including Word, Excel, PowerPoint, and so on), images, text, binary formats,
         and more are a part of today’s digital lingua franca, as are the applications tasked to handle such formats. We’ll discuss
         this issue and modern attempts to classify and understand these file formats (such as those from the Internet Assigned Numbers
         Authority, IANA) and the relationships of those frameworks to Tika. After motivating Tika, we’ll discuss its core Parser interface and its use in obtaining text for processing. Beyond the nuts and bolts of this discussion, we’ll provide a brief
         history of Tika, along with an overview of its architecture, when and where to use Tika, and a brief example of Tika’s utility.
      

      In the next section, we’ll introduce you to the existing work by IANA on classifying all the file formats out there and how
         Tika makes use of this classification to easily understand those formats.
      

      
1.1. Understanding digital documents
      

      The world of digital documents and their file formats is like a universe where everyone speaks a different language. Most
         programs only understand their own file formats or a small set of related formats, as depicted in figure 1.1. Translators such as import modules or display plugins are usually required when one program needs to understand documents
         produced by another program.
      

      Figure 1.1. Computer programs usually specialize in reading and interpreting only one file format (or family of formats). To deal with
         .pdf files, .psd files, and the like, you’d purchase Adobe products. If you needed to deal with Microsoft Office files (.doc,
         .xls, and so on), you’d turn to Microsoft products or other office programs that support these Microsoft formats. Few programs
         can understand all of these formats.
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      There are literally thousands of different file formats in use, and most of those formats come in various different versions
         and dialects. For example, the widely used PDF format has evolved through eight incremental versions and various extensions
         over the past 18 years. Even the adoption of generic file formats such as XML has done little to unify the world of data.
         Both the Office Open XML format used by recent versions of Microsoft Office and the OpenDocument format used by OpenOffice.org are XML-based formats for office documents, but programs written to work with one of these formats still need special converters
         to understand the other format.
      

      Luckily most programs never need to worry about this proliferation of file formats. Just like you only need to understand
         the language used by the people you speak with, a program only needs to understand the formats of the files it works with.
         The trouble begins when you’re trying to build an application that’s supposed to understand most of the widely used file formats.
      

      For example, suppose you’ve been asked to implement a search engine that can find any document on a shared network drive based
         on the file contents. You browse around and find Excel sheets, PDF and Word documents, text files, images and audio in a dozen
         different formats, PowerPoint presentations, some OpenOffice files, HTML and Flash videos, and a bunch of Zip archives that
         contain more documents inside them. You probably have all the programs you need for accessing each one of these file formats,
         but when there are thousands or perhaps millions of files, it’s not feasible for you to manually open them all and copy-paste
         the contained text to the search engine for indexing. You need a program that can do this for you, but how would you write
         such a program?
      

      The first step in developing such a program is to understand the properties of the proliferation of file formats that exist.
         To do this we’ll leverage the taxonomy of file formats specified in the Multipurpose Internet Mail Extensions (MIME) standard
         and maintained by the IANA.
      

      1.1.1. A taxonomy of file formats
      

      In order to write the aforementioned search engine, you must understand the various file formats and the methodologies that
         they employ for storing text and information. The first step is being able to identify and differentiate between the various
         file types. Most of us understand commonly used terms like spreadsheet or web page, but such terms aren’t accurate enough for use by computer programs. Traditionally extra information in the form of filename
         suffixes such as .xls or .html, resource forks in Mac OS, and other mechanisms have been used to identify the format of a
         file. Unfortunately these mechanisms are often tied to specific operating systems or installed applications, which makes them difficult to use reliably
         in network environments such as the internet.
      

      The MIME standard was published in late 1996 as the Request for Comment (RFC) documents 2045–2049. A key concept of this standard
         is the notion of media types[1] that uniquely name different types of data so that receiving applications can “deal with the data in an appropriate manner.”
         Section 5 of RFC 2045 specifies that a media type consists of a type/subtype identifier and a set of optional attribute=value parameters. For example, the default media type text/plain; charset=us-ascii identifies a plain-text document in the US-ASCII character encoding. RFC 2046 defines a set of common media types and their
         parameters, and since no single specification can list all past and future document types, RFC 2048 and the update in RFC
         4288 specify a registration procedure by which new media types can be registered at IANA. As of early 2010, the official registry[2] contained more than a thousand media types such as text/html, image/jpeg, and application/msword, organized under the eight top-level types shown in figure 1.2. Thousands of unregistered media types such as image/x-icon and application/vnd.amazon.ebook are also being used.
      

      
         1 Though often referred to as MIME type, the MIME standard in reality was focused on extending email to support different extensions,
            including non-text attachments and multipart requests. The use of MIME has since grown to cover the array of media types,
            including PDF, Office, and non-email-centric extensions. Although the use of MIME type is ubiquitous, in this book, we use
            MIME type and the more historically correct media type interchangeably.
         

      

      
         2 The official MIME media type registry is available at http://www.iana.org/assignments/media-types/.
         

      

      Figure 1.2. Seven top-level MIME types hierarchy as defined by IANA’s RFC 2046 (the eighth type model was added later in RFC 2077). Top-level
         types can have subtypes (children), and so on, as new media types are defined over the years. The use of the multiplicity
         denotes that multiple children may be present at the same level in the hierarchy, and the ellipses indicate that the remainder
         of the hierarchy has been elided in favor of brevity.
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      Given that thousands of media types have already been classified by IANA and others, programmers need the ability to automatically
         incorporate this knowledge into their software applications (imagine building a collection of utensils in your kitchen without
         knowing that pots were used to cook sauces, or that kettles brewed tea, or that knives cut meat!). Luckily Tika provides state-of-the-art
         facilities in automatic media type detection. Tika takes a multipronged approach to automatic detection of media types as
         shown in table 1.1.
      

      Table 1.1. Tika’s main methods of media type detection. These techniques can be performed in isolation or combined together to formulate
         a powerful and comprehensive automatic file detection mechanism.
      

      





	
                  Detection mechanism

               
               	
                  Description

               
            



	File extension, filename, or alias
               	Each media type in Tika has a glob pattern associated with it, which can be a Java regular expression or a simple file extension, such as *.pdf or *.doc (see
                  http://mng.bz/pNgw).
               
            


	Magic bytes
               	Most files belonging to a media type family have a unique signature associated with them in the form of a set of control bytes
                  in the file header. Each media type in Tika defines different sequences of these control bytes, as well as offsets used to
                  define scanning patterns to locate these bytes within the file.
               
            


	XML root characters
               	XML files, unique as they are, include hints that suggest their true media type. Outer XML tags (called root elements), namespaces, and referenced schemas are some of the clues that Tika uses to determine an XML file’s real type (RDF, RSS,
                  and so on).
               
            


	Parent and children media types
               	By leveraging the hierarchy shown in figure 1.2, Tika can determine the most accurate and precise media type for a piece of content, and fall back on parent types if the
                  precise child isn’t detectable.
               
            




We’re only scratching the surface of Tika’s MIME detection patterns here. For more information on automatic media type detection,
         jump to chapter 4.
      

      Now that you’re familiar with differentiating between different file types, how do you make use of a file once you’ve identified
         it? In the next section, we’ll describe parser libraries, used to extract information from the underlying file types. There
         are a number of these parser libraries, and as it turns out, Tika excels (no pun intended) at abstracting away their heterogeneity,
         making them easy to incorporate and use in your application.
      

      1.1.2. Parser libraries
      

      To be able to extract information from a digital document, you need to understand the document format. Such understanding
         is built into the applications designed to work with specific kinds of documents. For example, the Microsoft Office suite is used for reading and writing Word documents,
         whereas Adobe Acrobat and Acrobat Reader do the same for PDF documents. These applications are normally designed for human
         interaction and usually don’t allow other programs to easily access document content. And even if programmatic access is possible,
         these applications typically can’t be run in server environments.
      

      An alternative approach is to implement or use a parser library for the document format. A parser library is a reusable piece of software designed to enable applications to read and often also write documents in a specific format
         (as will be shown in figure 1.3, it’s the software that allows text and other information to be extracted from files). The library abstracts the document
         format to an API that’s easier to understand and use than raw byte patterns. For example, instead of having to deal with things
         such as CRC checksums, compression methods, and various other details, an application that uses the java.util.zip parser library package included in the standard Java class library can simply use concepts such as ZipFile and ZipEntry, as shown in the following example that outputs the names of all of the entries within a Zip file:
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