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Many of the designations used by manufacturers and sellers to distinguish their products are claimed as trademarks.
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for errors or omissions, or for damages resulting from the use of the information contained herein.

1. Creative Commons BY-NC-ND 3.0 US License

Creative Commons Attribution-NonCommercial-NoDerivs 3.0 United States

THE WORK (AS DEFINED BELOW) IS PROVIDED UNDER THE TERMS OF THIS CREATIVE COMMONS
PUBLIC LICENSE ("CCPL" OR "LICENSE"). THE WORK IS PROTECTED BY COPYRIGHT AND/OR OTHER
APPLICABLE LAW. ANY USE OF THE WORK OTHER THAN ASAUTHORIZED UNDER THIS LICENSE OR
COPYRIGHT LAW ISPROHIBITED.

BY EXERCISING ANY RIGHTS TO THE WORK PROVIDED HERE, YOU ACCEPT AND AGREE TO BE BOUND
BY THE TERMS OF THISLICENSE. TO THE EXTENT THISLICENSE MAY BE CONSIDERED TO BE A
CONTRACT, THE LICENSOR GRANTS YOU THE RIGHTS CONTAINED HERE IN CONSIDERATION OF YOUR
ACCEPTANCE OF SUCH TERMS AND CONDITIONS.

1. Definitions

a. "Collective Work" means awork, such as a periodical issue, anthology or encyclopedia, in which the Work in its
entirety in unmodified form, along with one or more other contributions, constituting separate and independent
works in themselves, are assembled into a collective whole. A work that constitutes a Collective Work will not be
considered a Derivative Work (as defined below) for the purposes of this License.

b. "Derivative Work" means awork based upon the Work or upon the Work and other pre-existing works, such asa
trangation, musical arrangement, dramatization, fictionalization, motion picture version, sound recording, art
reproduction, abridgment, condensation, or any other form in which the Work may be recast, transformed, or
adapted, except that awork that constitutes a Collective Work will not be considered a Derivative Work for the
purpose of this License. For the avoidance of doubt, where the Work isamusical composition or sound
recording, the synchronization of the Work in timed-relation with a moving image ("'synching") will be
considered a Derivative Work for the purpose of this License.

c. "Licensor" meanstheindividual, individuals, entity or entities that offers the Work under the terms of this
License.

d. "Original Author" means the individual, individuals, entity or entities who created the Work.

e. "Work" means the copyrightable work of authorship offered under the terms of this License.
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f. "You" means an individual or entity exercising rights under this License who has not previously violated the
terms of this License with respect to the Work, or who has received express permission from the Licensor to
exercise rights under this License despite a previous violation.

2. Fair Use Rights. Nothing in this license is intended to reduce, limit, or restrict any rights arising from fair use, first
sale or other limitations on the exclusive rights of the copyright owner under copyright law or other applicable laws.

3. License Grant. Subject to the terms and conditions of this License, Licensor hereby grants Y ou aworldwide,
royalty-free, non-exclusive, perpetual (for the duration of the applicable copyright) license to exercise the rightsin
the Work as stated below:

a. to reproduce the Work, to incorporate the Work into one or more Collective Works, and to reproduce the Work as
incorporated in the Collective Works; and,

b. to distribute copies or phonorecords of, display publicly, perform publicly, and perform publicly by means of a
digital audio transmission the Work including as incorporated in Collective Works.

The above rights may be exercised in all media and formats whether now known or hereafter devised. The above

rights include the right to make such modifications as are technically necessary to exercise the rights in other media

and formats, but otherwise you have no rights to make Derivative Works. All rights not expressly granted by

Licensor are hereby reserved, including but not limited to the rights set forth in Sections 4(d) and 4(€).

4. Redtrictions.The license granted in Section 3 above is expressly made subject to and limited by the following
restrictions:

a. You may distribute, publicly display, publicly perform, or publicly digitally perform the Work only under the
terms of this License, and Y ou must include a copy of, or the Uniform Resource Identifier for, this License with
every copy or phonorecord of the Work Y ou distribute, publicly display, publicly perform, or publicly digitally
perform. Y ou may not offer or impose any terms on the Work that restrict the terms of this License or the ability
of arecipient of the Work to exercise the rights granted to that recipient under the terms of the License. Y ou may
not sublicense the Work. Y ou must keep intact all notices that refer to this License and to the disclaimer of
warranties. When Y ou distribute, publicly display, publicly perform, or publicly digitally perform the Work, Y ou
may not impose any technol ogical measures on the Work that restrict the ability of arecipient of the Work from
Y ou to exercise the rights granted to that recipient under the terms of the License. This Section 4(a) appliesto the
Work asincorporated in a Collective Work, but this does not require the Collective Work apart from the Work
itself to be made subject to the terms of this License. If Y ou create a Collective Work, upon notice from any
Licensor Y ou must, to the extent practicable, remove from the Collective Work any credit as required by Section
4(c), as requested.

b. You may not exercise any of the rights granted to Y ou in Section 3 above in any manner that is primarily
intended for or directed toward commercial advantage or private monetary compensation. The exchange of the
Work for other copyrighted works by means of digital file-sharing or otherwise shall not be considered to be
intended for or directed toward commercial advantage or private monetary compensation, provided there is no
payment of any monetary compensation in connection with the exchange of copyrighted works.

c. If You distribute, publicly display, publicly perform, or publicly digitally perform the Work (as defined in Section
1 above) or Collective Works (as defined in Section 1 above), Y ou must, unless a request has been made pursuant
to Section 4(a), keep intact all copyright notices for the Work and provide, reasonable to the medium or means
You are utilizing: (i) the name of the Original Author (or pseudonym, if applicable) if supplied, and/or (ii) if the
Original Author and/or Licensor designate another party or parties (e.g. a sponsor ingtitute, publishing entity,
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journal) for attribution ("Attribution Parties") in Licensor's copyright notice, terms of service or by other
reasonable means, the name of such party or parties; the title of the Work if supplied; to the extent reasonably
practicable, the Uniform Resource Identifier, if any, that Licensor specifies to be associated with the Work, unless
such URI does not refer to the copyright notice or licensing information for the Work. The credit required by this
Section 4(c) may be implemented in any reasonable manner; provided, however, that in the case of a Collective
Work, at a minimum such credit will appear, if acredit for al contributing authors of the Collective Work
appears, then as part of these credits and in amanner at least as prominent as the credits for the other contributing
authors. For the avoidance of doubt, Y ou may only use the credit required by this clause for the purpose of
attribution in the manner set out above and, by exercising Y our rights under this License, Y ou may not implicitly
or explicitly assert or imply any connection with, sponsorship or endorsement by the Original Author, Licensor
and/or Attribution Parties, as appropriate, of Y ou or Y our use of the Work, without the separate, express prior
written permission of the Original Author, Licensor and/or Attribution Parties.

d. For the avoidance of doubt, where the Work isamusical composition:

i. Performance Royalties Under Blanket Licenses. Licensor reserves the exclusive right to collect whether
individually or, in the event that Licensor is a member of a performance rights society (e.g. ASCAP, BMI,
SESAC), viathat society, royalties for the public performance or public digital performance (e.g. webcast) of
the Work if that performance is primarily intended for or directed toward commercial advantage or private
monetary compensation.

ii. Mechanical Rights and Statutory Royalties. Licensor reserves the exclusive right to collect, whether
individually or viaamusic rights agency or designated agent (e.g. Harry Fox Agency), royalties for any
phonorecord Y ou create from the Work ("cover version") and distribute, subject to the compulsory license
created by 17 USC Section 115 of the US Copyright Act (or the equivalent in other jurisdictions), if Y our
distribution of such cover version is primarily intended for or directed toward commercial advantage or private
monetary compensation.

e. Webcasting Rights and Statutory Royalties. For the avoidance of doubt, where the Work is a sound recording,
Licensor reserves the exclusive right to collect, whether individually or via a performance-rights society (e.g.
SoundExchange), royalties for the public digital performance (e.g. webcast) of the Work, subject to the
compulsory license created by 17 USC Section 114 of the US Copyright Act (or the equivalent in other
jurisdictions), if Your public digital performance is primarily intended for or directed toward commercial
advantage or private monetary compensation.

. Representations, Warranties and Disclaimer

UNLESS OTHERWISE MUTUALLY AGREED TO BY THE PARTIES IN WRITING, LICENSOR OFFERS
THE WORK AS-ISAND ONLY TO THE EXTENT OF ANY RIGHTSHELD IN THE LICENSED WORK BY
THE LICENSOR. THE LICENSOR MAKES NO REPRESENTATIONS OR WARRANTIES OF ANY KIND
CONCERNING THE WORK, EXPRESS, IMPLIED, STATUTORY OR OTHERWISE, INCLUDING, WITHOUT
LIMITATION, WARRANTIES OF TITLE, MARKETABILITY, MERCHANTIBILITY, FITNESS FOR A
PARTICULAR PURPOSE, NONINFRINGEMENT, OR THE ABSENCE OF LATENT OR OTHER DEFECTS,
ACCURACY, OR THE PRESENCE OF ABSENCE OF ERRORS, WHETHER OR NOT DISCOVERABLE.
SOME JURISDICTIONS DO NOT ALLOW THE EXCLUSION OF IMPLIED WARRANTIES, SO SUCH
EXCLUSION MAY NOT APPLY TO YOU.

. Limitation on Liability. EXCEPT TO THE EXTENT REQUIRED BY APPLICABLE LAW, IN NO EVENT WILL
LICENSOR BE LIABLE TO YOU ON ANY LEGAL THEORY FOR ANY SPECIAL, INCIDENTAL,
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CONSEQUENTIAL, PUNITIVE OR EXEMPLARY DAMAGES ARISING OUT OF THISLICENSE OR THE
USE OF THE WORK, EVEN IF LICENSOR HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH
DAMAGES.

7. Termination

a. ThisLicense and the rights granted hereunder will terminate automatically upon any breach by Y ou of the terms
of this License. Individuals or entities who have received Collective Works (as defined in Section 1 above) from
Y ou under this License, however, will not have their licenses terminated provided such individuals or entities
remain in full compliance with those licenses. Sections 1, 2, 5, 6, 7, and 8 will survive any termination of this
License.

b. Subject to the above terms and conditions, the license granted here is perpetual (for the duration of the applicable
copyright in the Work). Notwithstanding the above, Licensor reserves the right to release the Work under
different license terms or to stop distributing the Work at any time; provided, however that any such election will
not serve to withdraw this License (or any other license that has been, or is required to be, granted under the terms
of this License), and this License will continuein full force and effect unless terminated as stated above.

8. Miscellaneous

a. Eachtime Y ou distribute or publicly digitally perform the Work (as defined in Section 1 above) or a Collective
Work (as defined in Section 1 above), the Licensor offers to the recipient alicense to the Work on the same terms
and conditions as the license granted to Y ou under this License.

b. If any provision of this Licenseisinvalid or unenforceable under applicable law, it shall not affect the validity or
enforceability of the remainder of the terms of this License, and without further action by the partiesto this
agreement, such provision shall be reformed to the minimum extent necessary to make such provision valid and
enforceable.

c. Noterm or provision of this License shall be deemed waived and no breach consented to unless such waiver or
consent shall bein writing and signed by the party to be charged with such waiver or consent.

d. ThisLicense constitutes the entire agreement between the parties with respect to the Work licensed here. There
are no understandings, agreements or representations with respect to the Work not specified here. Licensor shall
not be bound by any additional provisions that may appear in any communication from Y ou. This License may
not be modified without the mutual written agreement of the Licensor and Y ou.

Creative Commons Notice

Creative Commons is not a party to this License, and makes no warranty whatsoever in connection with the Work.
Creative Commons will not be liable to You or any party on any legal theory for any damages whatsoever, including
without limitation any general, special, incidental or consequential damages arising in connection to this license.
Notwithstanding the foregoing two (2) sentences, if Creative Commons has expressly identified itself as the Licensor
hereunder, it shall have all rights and obligations of Licensor.

Except for the limited purpose of indicating to the public that the Work is licensed under the CCPL, Creative Commons
does not authorize the use by either party of the trademark "Creative Commons" or any related trademark or logo of
Creative Commons without the prior written consent of Creative Commons. Any permitted use will be in compliance with
Creative Commons' then-current trademark usage guidelines, as may be published on its website or otherwise made
available upon request from time to time. For the avoidance of doubt, this trademark restriction does not form part of this
License.

Creative Commons may be contacted at http://creativecommons.org/.
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Foreword: 0.19

May 17, 2009 - I've had some great feedback after putting the book up on the web site, in the last week, |'ve open sourced
the book, and I'll be slowly upgrading the book project infrastructure. Again, stay tuned.

Tim O'Brien, Discursive tobrien@discursive.com
Edition: 0.19

February 20, 2009 - Thisis an early version of the second edition of Jakarta Commons Cookbook. I'm updating the
content, and you might experience some problems with links between chapters and sections. Don't rely on any of the
URLSsin this book just yet, I'm currently renaming all of the sections and chapters so that every section has a reasonable
URL. I'm also trying to find some interesting waysto link to related O'Reilly content using the new O'Reilly metadata
interface that was just published by O'Reilly Labs. Stay Tuned.

Tim O'Brien, Discursive tobrien@discursive.com
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Preface

In this book, you'll find information about a set of libraries developed within the Apache Commons (also referred to as
"Commons"). Commons (http://commons.apache.org/) is a set of small, popular components which forms a Top-level
Project at the Apache Software Foundation. Ranging from the elementary to the complex, many would consider some of
these libraries indispensable to any Java project. These components are so widespread, they may already be on your
classpath. If you develop an application using Wicket, Maven, Struts, Tomcat, Spring, Hibernate, or any other popular
Javalibrary, you likely have Commons Lang and Commons BeanUTtilsin your classpath. If you just installed Red Hat
Enterprise Linux with the default configuration, you've got Commons libraries somewherein / usr . While Apache
Commons may be everywhere, many are still unaware of the capabilities these components provide. This book isan
attempt to provide some documentation for these popular components.

This book focuses on tactical implementation details, answering such questions as. How do we parse XML? How do we
serialize beans? I s there an easier way to work with Collections? How do we work with HTTP and keep track of cookies?
In enterprise software development, the tactical is often sacrificed for the strategic. Consider a complex enterprise-scale
system with a solid, well-conceived architecture. The strategic (or high-level) design appears reasonable from 40,000 feet,
but as soon as you drill into the details, you notice that every component contains pages upon pages of unmaintainable and
unnecessary code because the devel opers were not aware of some valuable time-saver like BeanUtils, Collections, or the
Digester. Or, worse, the developer may have spent aweek reimplementing most of the capabilities of Commons
BeanUtils even though BeanUtils was already in the classpath. While a familiarity with Apache Commons may not
directly affect the architecture of your application, knowing what Apache Commons can do often helps to inform
decisions made at the class level.

Few application developers would consider writing a custom XML parser, but developers will frequently write custom
components that duplicate freely available libraries. Take, as an example, aset of static utility methods that seemsto pop
up in almost every complex project. A common process such asreading afileto ast ri ng may be refactored into a
CommonFi | eUti | s class, or turning a DOM Docurent into a set of beans may be accomplished with a set of classesin
some custom code. Apache Commons provides solutions to both of these problems and many more, and reading this book
may help you avoid unnecessary wheel reinvention.

Many people know of these componentsin ageneral sense, but few have the months or weeks necessary to sit down and
read the relevant tutorials, FAQs, blogs, and archived mailing lists associated with each component. The amount of work
involved in keeping up-to-date with an array of open source communitiesis not trivial. Thisiswhy I've tried to compact
much of thisinformation into easily accessible recipes. These recipes were written to provide you with the information
you need to start using Commons in a few minutes, but the Discussion and See Also sections give you an opportunity to
dig deeper into the motivation behind each Commons component if you need more information.

Thetoolsintroduced herein save you serious time and provide you with a set of alternatives you may not currently be
aware of. | wish | had read abook like this five years ago; it would have accelerated my learning and helped me to avoid
some costly design decisions. Use this text as you will; if you are only interested in Commons Collections, you should be
ableto quickly familiarize yourself with Collections by browsing Chapter 5. On the other hand, if you are looking for a
survey of some of the major projects in Apache Commons, read this book from start to finish. Part structured reference,
part prose, the cookbook format lets you customize your reading experience, and | hope this book is asinteresting to read
asit wasto write.

1. What's Inside

This book covers components from Apache Commons, and afew projects outside of the Apache Software Foundation.
This book covers the following components:
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» Apache Commons BeanUtils
» Apache Commons Betwixt

» Apache Commons CLI

» Apache Commons Codec

» Apache Commons Collections
» Apache Commons Configuration
» Apache Commons Digester

» Apache Commons HttpClient
» Apache Commons ID

» Apache Commons IO

» Apache Commons JEXL

» Apache Commons JX Path

» Apache Commons Lang

» Apache Commons Logging

» Apache Commons Math

» Apache Commons Net

» Apache Log4J

» Apache Velocity

» FreeMarker

» Apache Lucene

» Apache Slide

All of these projects are covered in detail in the following chapters. Here's what's in each chapter:

Chapter 1, Supplementsto the Java 2 Platform

This chapter introduces Commons Lang. Automation of t oSt ri ng( ), working with arrays, formatting and rounding
dates, working with enumerations, generating identifiers, and measuring time are some of the topics discussed in this

chapter. This chapter also covers the generation of unique identifiers with Commons ID.

Chapter 2, Manipulating Text

While Java does not have the extensive text manipulation capabilities of a scripting language like Perl, Commons
Lang'sstringutils hasanumber of utility methods that can be used to manipulate text. This chapter deals with

StringUtils,wrdutils, and Commons Codec.
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Chapter 3, JavaBeans
Beans appear throughout Java; from Apache Struts to Hibernate, beans are a unit of information in an object model.
This chapter introduces Commons BeanUtils, one of the most widely used components from Apache Commons.

Chapter 4, Functors
Functors are a fundamental way of thinking about programming as a set of functional objects. Commons Collections
introduced predicates, transformers, and closures, and functors, which can be used to model control structures and
loops. This chapter demonstrates how one would apply functors to any program.

Chapter 5, Collections
Iterators, filtering with predicates, buffers, queues, bidirectional maps, type-safe collections, constraining collections,
lazy maps, and set operations are afew of the topics introduced in this chapter. This chapter deals with Commons
Collections, new collection types introduced, and the application of functors to various collections.

Chapter 6, XML
If you are constantly parsing or creating XML documents, this chapter introduces some alternatives to the standard

parser APIs (SAX, DOM, and JDOM). This chapter introduces Commons Digester, Commons Betwixt, and
Commons JX Path.

Chapter 7, Application Infrastructure
Commons Configuration isintroduced as away to parse properties filesand XML configuration files. Other recipesin
this chapter show how Commons CLI can be used to parse a complex set of required and optional command-line
options. This chapter also details the configuration and use of Commons Logging and Apache Log4J.

Chapter 8, Math
This chapter focuses on simple mathematical capabilitiesin both Commons Lang and Commons Math. This chapter
introduces classes to work with fractions, complex numbers, matrices, and simple univariate statistics.

Chapter 9, Templating
This chapter deals with simple expression languages such as Commons JEXL to more complex templating engines

such as Apache Ve ocity and FreeMarker. This chapter also demonstrates the integration of both Velocity and
FreeMarker with a J2EE servlet container such as Apache Tomcat.

Chapter 10, 1/0 and Networking
This chapter introduces Commons | O, which contains a number of utilities for working with streams and files, and
Commons Net, which contains simple clients for the FTP, POP, and SMTP protocols.

Chapter 11, HTTP and WebDAV
If you need to communicate with anything over HTTP, read this chapter, which deals with Apache HttpClient and the
WebDAYV client library from Apache Slide.

Chapter 12, Searching and Filtering
Commons JXPath can be used to apply XPath expressions to collections and object graphs. Apache Luceneisafully
functional search engine that can index any structured document. This chapter demonstrates the use of Lucene with
Commons Digester.
Limited time and resources forced me to make some decisions about which projects to include in this text. Projects like
Velocity, FreeMarker, and Log4J, while not Commons components, were included because they fit the mold of asmall,
easily reusable component. Other Commons components were hot included in this book because they were still being
developed at the time of writing, or because a short recipe would have been impossible without a detailed 30-page
introduction. Commons DbUtils, DBCP, Discovery, Jelly, Launcher, Modeler, Pool, Primitives, Chain, and promising
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sandbox components could fill another entire volume. Some projects, such as Apache HiveMind, started as componentsin
the Commons Sandbox only to be promoted directly to subproject status of the Apache project. Classification of projects
and components in Apache can also be somewhat arbitrary; Apache ORO and Apache RegExp would both seem to be
prime candidates for the Apache Commons, but they are both subprojects of Apache. Other projects, such as Apache
Commons HttpClient, have recently been promoted to be subprojects of Apache, leaving the Commons entirely. Think of
this book as focusing on Apache Commons with some other projects thrown in to liven up the discussion. | apologizein
advanceif | left your favorite project out.

Writing a book about a series of frequently released componentsis reminiscent of a game called whack-a-mole. Just when
you finish updating a chapter for a new release, another component has been released. On average, one commons
component is released every one or two weeks; therefore, afew of the versionsin this book may be obsolete as soon as
this book hits the shelves. In general, Apache Commons makes a concerted effort to preserve backward compatibility and
keep a stable public interface. Lessons learned on Commons BeanUtils 1.6 should remain applicable to Commons
BeanUtils 1.7. If you find that a more recent version of a component has been released, you should download that more
recent version and check the Discursive site for updates related to this book.

2. Conventions Used in This Book

I'll use a number of conventions you should know about in this book. For example, menu items are separated with an# like
this: File# New# Project. To make them stand out, new lines of code will be displayed highlighted when they're added.
Example code is often presented out of context; instead of developing an entire class, only the relevant block of codeis
presented. Most examples will include the necessary import statements for Commons-rel evant classes, and other i mpor t
statements will be implied. When code is omitted or implied, it will be represented by ellipses:

i mport org.apache. commons. di gest er. Di gest er;

Di gester digester = new Digester( );
di gest er. doSonet hi ng( );

In addition, the following typographical conventions are also used in this book:

Italic
Indicates new terms, URLS, email addresses, filenames, file extensions, pathnames, directories, and Unix utilities.

Constant width
Indicates commands, options, switches, variables, types, classes, namespaces, methods, modules, properties,
parameters, values, objects, events, event handlers, and XML tags.

Constant width italic
Shows text that should be replaced with user-supplied values.

Constant wi dth bold
Highlights important text within code examples.

Tip

Thisicon signifies atip, suggestion, or general note.

Warning

Thisicon indicates awarning or caution.
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3. What You'll Need

To experiment with the various libraries introduced in this book, you will need the J2SE 1.5 SDK, which can be obtained
from http://java.sun.com. The examplesin this book were developed in Eclipse, which can be downloaded from the
Eclipse project site at http://www.eclipse.org. All of the examplesin this book can be compiled and packaged using
Apache Maven. For more information about Apache Maven, see Maven: The Definitive Guide a free, online book
available from Sonatype.

Each chapter contains instructions for downloading the various A pache Commons components; to download any
component from Apache Commons, go to the Apache Commons page at http://commons.apache.org/ and click on
"Binaries’ under "Download" in the left menu.

4. Book Examples
This book's examples can be downloaded from http://www.discursive.com/books/cjcook/cjcook-examples-0.19-src.zip.

5. The Apache Commons Community

The Apache community and the larger community of the Apache Software Foundation is committed to devel oping open
source software. The Apache Software Foundation is a nonprofit corporation registered in Delaware that supports ongoing
collaborative software development according to a set of simple ideals: transparency, meritocracy, consensus, and mutual
respect. To learn more about the foundation, start at the Frequently Asked Questions page on www.apache.org
(http://www.apache.org/foundation/fag.html). Commons is a project under the Apache Software Foundation, and it is
managed by what is known as a Project Management Committee (PMC). This committee manages a number of Apache
subprojects including the Apache Commons.

The Jakarta community and Apache XML community both had tremendous growth spurts from 1999 to 2003, with both
projects becoming dominant forces in open source Java. Tomcat, Struts, Xerces, Xaan, Ant, Cocoon, and other projects
were embraced by the larger community and Java developed a very strong association with open source because of the
influence of Jakarta. Toward the end of this growth spurt, the corporate structure of Apache required a certain level of
oversight and accountability which could not be achieved in an umbrella project like Jakarta's hundreds of committers. A
decision was made to encourage Jakarta subprojects to move toward smaller, more focused PMCs. One of the first
projects to leave Jakarta was Apache Ant, and other projects such as Maven, Struts, and Log4j followed suit. This new,
more nimble approach to the structure of collaborative software development avoids the creation of multiple management
layers between project participants and the PMC.

In the past few years (2004-2009), Apache has made way for a new generation of projects that have set the standard for
open source, including Directory, Derby, Lucene, Maven, CouchDB, Wicket, and Abdera among others. The community
which was once Jakarta has been slowly evaporating over time into separate top-level projects, and Jakarta Commons
finally made the switch to Apache Commons in 2007. Compared to the organizational structure of Jakartain 2002 and
2003, this new approach of requiring more focused top-level projects have proven beneficial over time. Jakarta had
become something of a"star stage” for political advocacy, and the general Jakarta discussion list was a series of
continuous flame wars toward the end of that community. While some Apache projects are still characterized by endless
procedural bickering, they are largely the exception. The more focused approach of having top level projects focused on a
single piece of software or alimited set of related components allows for a more scalable structure. As aresult, the
number of projectsin the Apache Software Foundation has grow substantially over just the last five years.

If you find the components in this book helpful, | encourage you to take some time to observe the devel oper mailing list
for Apache Commons. The ASF is (mostly) transparent, and this means that the general public has awindow into the
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collaborative devel opment process that is used to create alarge body of great software. | would encourage any devel oper
to take an interest in a piece of software and watch the development process. Follow the decisions, releases, arguments,
flame-wars, and evolution of something like Apache Commons and you can see for yourself what works and what doesn't

work. Thisis also agreat way to keep yourself informed of the changes and direction of certain projects. If you find

Apache Commons (or any other Apache software) useful, you should consider taking alittle bit of time to help afellow
user on the user mailing list or submit documentation patches. If you find atypo or abug, file areport on Apache's Jira

installation (http://issues.apache.org/jira).

There is always a need for greater unit test coverage, and any time you find an inconsistency in code you should file a

bug. Contributions can come in many forms — answering user questions, writing documentation, writing unit tests,

submitting patches, or providing feedback. All of these contributions help sustain aliving community. If you find yourself
unable to participate in the community, you can make asmall (possibly tax-deductible) donation to the Apache Software
Foundation to help offset the cost of infrastructure and bandwidth (http://www.apache.org/f oundation/contributing.html).

6. The Apache Software License

Apache Commons components are released under the Apache Software License, Version 2.0. If you want to read this

license, read this license on the Open Source Initiative's web site here http://www.opensource.org/licenses/apache?.0.php.

There's agood chance that, if you are reading this book, you are not alawyer. If you are wondering what the Apache

License, Version 2.0 means, the Apache Software Foundation has assembled a very helpful Frequently Asked Questions
(FAQ) page about the license available here http://www.apache.org/foundation/licence-FAQ.html. Here's is the answer to

the question "1 am not alawyer. What does it all mean?"

[Thislicense] allows you to:

» freely download and use Apache software, in whole or in part, for personal, company internal, or commercial
pUrposes;

* use Apache software in packages or distributions that you cresate.
It forbids you to:

* redistribute any piece of Apache-originated software without proper attribution;

* use any marks owned by The Apache Software Foundation in any way that might state or imply that the
Foundation endorses your distribution;

 use any marks owned by The Apache Software Foundation in any way that might state or imply that you
created the Apache software in question.
It requires you to:

* include a copy of the licensein any redistribution you may make that includes Apache software;

* provide clear attribution to The Apache Software Foundation for any distributions that include Apache
software.
It does not require you to:

« include the source of the Apache software itself, or of any modifications you may have made to it, in any
redistribution you may assemble that includesit;
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» submit changes that you make to the software back to the Apache Software Foundation (though such
feedback is encouraged).

7. We'd Like to Hear from You

Please address comments and questions concerning this book to the publisher:

Common Java Cookbook DocBook XML Content
626 Grove $t., Suite 201, Evanston, |L 60202
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Chapter 1. Supplements to the Java 2 Platform

1.1. Introduction

This chapter introduces utilities that augment the Java 2 Standard Edition (J2SE), providing classes and utilities that make
some of the more mundane programming tasks more straightforward. Commons Lang is a collection of useful
supplements to the J2SE. This package fills gaps present in the standard Java APl and provides a number of simple,
time-saving utility classes. Sun's Javadoc for thej ava. | ang package in the J2SE states that the package "provides classes
that are fundamental to the design of the Java programming language." In the same vein, Commons Lang provides classes
that augment the fundamental design of the Java programming language.

Y ou may be tempted to skip the simple recipes presented in this chapter and continue on to more advanced topicsin this
text. String manipulation, date truncation, and t oSt ri ng( ) methods do not inspire the sense of mystery and genius one
feels when working with Extensible Markup Language (XML) or an open source text-to-speech engine. But, even if you
are the most fluent speaker of Java, there are lessons to be learned from the utilities introduced in this chapter; asimple
trick learned here may save you afew minutes every single day. Don't waste your time rewriting and maintaining utilities
that already exist in Commons Lang; there are more interesting problems to be solved, and building hashcode() functions
is not one of them.

Java's Continued Progress

Theinitial version of this book had a note at this point that discussed the release of Tiger (Java 1.5) and how Tiger's
introduction of new language features had made some features of Commons Lang wholly unnecessary. That same
note also discussed how Commons Lang could still be used on 1.3 and 1.4 JVMs. Since this book was initial
published in 2004, Java has had another major release (Java 6) and we are currently expecting the release of Java 7.
This version of the book has phased out some of the recipes that duplicate Java 5 behavior. | hate to say this because
I know that thereis still some poor developer saddled with supporting some legacy 1.3 application... we're pulling
the plug on the recipes that were aimed at people still using 1.4.

1.1. Depending on Commons Lang

1.1.1. Problem

Y ou want to use Commons Lang because your program needs to use some of the simple utilities this component provides,
such as array manipulation, date manipulation, and enums.

1.1.2. Solution

To use Commons Lang in aMaven 2 project, add the following dependency to your project's pom xm :

Example 1.1. Adding a Dependency on Commons L ang

<dependency>
<gr oupl d>comons- | ang</ gr oupl d>
<artifactld>commons-|ang</artifactld>
<ver si on>2. 4</ ver si on>
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</ dependency>

1.1.3. Discussion

If you are not sure what this means, I'd suggest reading Maven: The Definitive Guide. When you depend on alibrary in
Maven 2, all you need to do is add the dependency gr oupl d, arti f act I d, and ver si on t0 your project's dependencies.
Once you do this, Maven 2 will download the dependency and make it available on your project's classpath.

1.4. Automating the Generation of toString( ) Content

1.4.1. Problem

Y ou want to automate the creation of t oSt ri ng( ) methods.

1.4.2. Solution

Use the Commons Lang Ref | ecti onToSt ri ngBui | der Or ToSt ri ngBui | der and ToStri ngBui | der to createt oStri ng()
methods. The following code is an example of at oSt ri ng( ) method, which uses areflection builder:

i mport org.apache. conmons. | ang. bui | der. Ref | ecti onToSt ri ngBui | der;
public String toString() {
return ReflectionToStringBuil der.reflectionToString(this);
}

1.4.3. Discussion

Assume that you have an object named Pol i ti cal Candi dat e—a bean that represents some information about a
presidential candidate. This bean has a set of properties: fi r st Nane, | ast Narre, dat e Bi rt h, moneyRai sed, and

honesSt at e. Example 1-1 showsthe Pol i ti cal Candi dat e classusing aRef | ecti onToSt ri ngBui | der ; the getter and setter
methods have been omitted for brevity.

Example 1-1. The PoliticalCandidate class using ReflectionToStringBuilder

i mport java. mat h. Bi gDeci nal ;
i nport java.util.Cal endar;
i mport java.util.Date;
i mport java.util.G egorianCal endar;
/] START | ang_tostring_sol ution
i mport org. apache. commons. | ang. bui | der. Ref | ecti onToSt ri ngBui | der;
// OMT lang_tostring_solution
i mport com di scursive. jccook. | ang. bui | ders. St at e;
public class Political Candi date {
private String | astNane;
private String firstNane;
private Date dateOrBirth;
private Bi gDeci nal noneyRai sed;
private State state;
public Political Candi date() {

}
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public Political Candi date(String | astNane, String firstName,
Date dateOfBirth, BigDecinal noneyRai sed, State state) {
thi s. |l ast Nanme = | ast Nane;
this.firstName = firstNane;
this.dateOBirth dateOf Birt h;
t hi s. noneyRai sed = noneyRai sed;
this.state = state;

}
/1l get/set methods are omtted for brevity...
// END OM T |l ang_tostring_sol ution
public String toString() {
return ReflectionToStringBuilder.reflectionToString(this);

/1 END | ang_tostring_sol ution

}

The process of keeping the contents of at oSt ri ng() method synchronized with a changing object model becomes a chore
(usually aforgotten one). Commons Lang includes afairly simple utility designed to automate this chore using reflection.
The ToSt ri ngBui | der classand its extension, Ref | ecti onToSt ri ngBui | der , can condense alarget oString( ) method
body into one line of code. Most importantly, the Ref | ecti onToSt ri ngBui | der reflects any future changes that are made
to the object model. The following code demonstrates the output of a string built viareflection:

/] Create a State

State va = new State("VA', "Virginia");

/]l Create a Birth Date

Cal endar cal endar = new G egori anCal endar () ;

cal endar . set (Cal endar . YEAR, 1743);

cal endar . set (Cal endar. MONTH, Cal endar. APRI L) ;

cal endar . set (Cal endar. DAY_OF _MONTH, 13);

Dat e dob = cal endar. get Ti ne();

Bi gDeci mal noneyRai sed = new Bi gDeci mal (293829292. 93) ;

/] Create a Political Candidate

Pol i ti cal Candi date candi date = new Political Candi dat e("Jefferson",
"Thomas", dob, npneyRai sed, va);

System out . printl n(candi dat e) ;

Assume that the st at e object is another bean using the same Ref | ect i onToSt ri ngBui | der . The code above sets the
properties of a bean and produces the following output:

com di scursi ve. jccook. | ang. buil ders. refl ect. Political Candi dat e@aOb6[ | ast Nane=Jef f erson, fir
onmas, dat eOF Bi rt h=Sat Apr 13 13:50:58 EST 1743, noneyRai sed=293829292. 93000000715255737304687
om di scursi ve. j ccook. | ang. bui | ders. St at e@9b332[ abbr evi ati on=VA, nane=Vi rgi ni a] ]

or v

Tip
Asin other cases in this book, I've applied a minimal amount of formatting to the output so that it fits on the
printed page. Y our results will be the samein terms of content but will be al on one long line.

Thisis not the most readable piece of information in the world, but it was automatically generated. Keeping at oSt ri ng(
) method up-to-date in an object model that contains one hundred entities is next to impossible under the constraints of a
deadline and a budget. If your objects have meaningful t oSt ri ng( ) methods, it will be much easier to diagnose
problemsin your application. If you usethe Ref | ecti onToSt ri ngBui | der, you are assured that the message printed out

t Name:
, St at e
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will be accurate; the alternative is to have a message that may or may not be relevant—trusting devel opers to keep
toString( ) methods updated manually.

Warning

This utility uses the class Accessi bl ebj ect in the J2SE reflection package to bypass access modifiers and
access private member variables of an object directly. If your system is running under arestrictive

Securi t yManager , you may need to alter your configuration to allow Commons Lang to bypass these security
restrictions. Only use this reflection builder if you are certain that your code will run in an environment
without arestrictive security policy. | use this utility in a system that runs on afew serversin aknown
location, but if | werewriting areusable library, areflection builder would not be feasible; if someone wereto
use my library in an environment with a different security policy, calling at oSt ri ng( ) may cause problems.
The relevant permission isthe suppr essAccessChecks permission target of the

java.lang.refl ect.Refl ect Permi ssi on class.

1.5. Customizing Generated toString( ) Content

1.5.1. Problem
Y ou need to automatet oSt ri ng( ) whileretaining control over the output, contents, and formatting.

1.5.2. Solution

In addition to the Ref | ect i onToSt ri ngBui | der , Commons Lang provides for customization viathe ToSt ri ngBui | der and
ToSt ri ngStyl e class. From the previous recipe, if you only want the Pol i ti cal Candi date toString( ) method to print

| ast Name and f i r st Nane, use the ToSt ri ngBui | der classand passinaTostringStyl e object. The following example
demonstratesat oSt ri ng( ) method implementation that customizes both style and content:

i mport org.apache. conmons. | ang. bui | der. ToSt ri ngBui | der;
i mport org. apache. conmons. | ang. bui | der. ToStri ngStyl e;

public String toString( ) {
return new ToStringBuil der(this, ToStringStyle. MILLTI LI NE STYLE)
. append( "l ast Nane", | ast Nane)
.append("firstNanme", firstNane)
.toString( );

Cdlingtostring( ) onthisaobject will produce the following output containing only the two properties specified as
parameters to append( ) :

com di scur si ve. j ccook. | ang. bui | ders. cust oni zed. Pol i ti cal Candi dat e@4318bb[
| ast Name=Jef f er son
first Name=Thonas

Tip
Unlike the output shown in Recipe 1.4, this output is shown exactly as it appears on your screen.
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1.5.3. Discussion

Generating t oSt ri ng( ) content using reflection savestime, but the trade-off is that the code using reflection prints out
every member variable of a given class. What do you do when the desired behavior isto print out only afew selected
variables from a given class? What if your objects are very wi de, in that they have many properties that you don't want to
printout in at oSt ri ng() method? There are situations where an object could have alarge number of properties or when a
particular property of an object might contain alarge amount of textual content. In these situations, it would be
counterproductive to use Ref | ecti onToSt ri ngBui | der to print out every member variablein aclass.

UseaToSt ri ngBui | der and customize the contents of the output with a static member of aToStri ngStyl e. The
constructor of aToSt ri ngBui | der takes an object instance and aToStri ngStyl e, returning an instance of a

ToStri ngBui | der . Thisbuilder isthen customized by calling append( ), which lets you specify the properties you want
included in the output. To customize the contents of aToSt ri ngBui | der, you must manually add each property to an
instance of abuilder. The append( ) method accepts al primitives, objects, and arrays. Table 1-1 summarizes the
variations of append( ) for integer primitives and objects.

Table 1-1. Variations of ToStringBuilder append()

ToStringBuilder method Description

append(int val ue) Appends the value of the integer.

append(String n, int val ue) Appends the value of the integer and the name of the
property.

append( Gbj ect val ue) Appendsthetostring( ) of an Object.

append(String n, Object val ue) Appendsthetostring( ) of an Object and the name
of the property.

append(int[] array)append(Cbject[] array) Appends the formatted contents of array.

append(String n int[] array)append(String n,  Appendsthe property name and the size of an array
oj ect[] array)

append(String n, int[] array, bool ean detail)  Appendsthe property name and the full contents of
an array.

The ToSt ri ngSt yl e class provides a mechanism to customize the output of aToSt ri ngBui | der, and this class contains a
few built-in styles. One exampleisthe ToSt ri ngSt yl e. MULTI _LI NE_STYLE, which puts a newline character between every
property. Another exampleisthe ToSt ri ngStyl e. SI MPLE_STYLE, which simply prints the value of every member variable.
The following list provides an example of each of these preset styles:

ToStringStyl e. DEFAULT_STYLE

com di scursi ve. j ccook. | ang. bui | ders.
Pol i ti cal Candi dat e@cd2e5f [ | ast Nane=Jef f er son, fi r st Name=Thonas]

ToStringStyl e. MULTI _LI NE_STYLE
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com di scursi ve. j ccook. | ang. bui | ders. Pol i ti cal Candi dat e@cd2e5f [
| ast Name=Jef f er son
first Name=Thomas

ToSt ringStyl e. NO_FI ELD_NAMVES_STYLE

‘conldiscursive.jccook.lang.buiIders.PoliticalCandidate@ﬂcheSf[Jefferson,Thonas]

ToStringStyl e. SI MPLE_STYLE

‘Jefferson,Thonas

What's the big deal about t oSt ri ng() methods? Thisis about accuracy and keeping messages relevant in an evolving
system. All useful error messages include a string representation of the object involved in the error. If you get an
exception, and you print the value of an object, it isusually clear what is causing that exception. In the absence of sensible
logging, it is next to impossible to debug a system without diving directly into a debugger. Thisis especialy trueif you
are trying to diagnose the cause of an infrequent problem that only affects atiny percentage of users who only encounter a
problem if they perform avery specific action in a specific context. In these cases, it is helpful to know the internal state
of every object involved in the error, and t oSt ri ng( ) isthe easiest way to print this out to alog. Automate your
toString( ) method, and your error messages will be more meaningful.

1.6. Automating hashCode( ) and equals()

1.6.1. Problem
Y ou need away to automatically implement equal s() and hashCode( ) methods.

1.6.2. Solution

Commons Lang Equal sBui | der and HashCodeBui | der provide methods to automate both the equal s( ) and hashCode(
) . Example 1-2 briefly demonstrates these two builders using the Pol i t i cal Candi dat e bean from the previous two
recipes.

Example 1-2. Automating hashCode( ) and equals()

i mport org. apache. commons. | ang. bui | der . Equal sBui | der;

i mport org.apache. conmons. | ang. bui | der . HashCodeBui | der ;
/1 Menber variables - onmitted for brevity
// Constructors - omtted for brevity
/1l get/set methods - omitted for brevity

/1 A hashCode which creates a hash fromthe two unique identifiers
public int hashCode( ) {
return new HashCodeBui | der (17, 37)
. append(firstNane)
. append(| ast Nane) . t oHashCode( );
}
/1 An equal s which conpares two uni que identifiers
publ i c bool ean equal s(Cbject 0) ({
bool ean equal s = fal se;
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if (o!l=null &&
Pol i ti cal Candi dat e. cl ass. i sAssi gnabl eFron{o. getd ass()) ) {
Political Candi date pc = (Political Candi date) o;
equal s = (new Equal sBuil der ( )
.append(firstNane, pc.firstNane)
. append(| ast Nane, pc.|astNane)).isEqual s( );
}

return equal s;

1.6.3. Discussion

HashCodeBui | der has a constructor that takes two integer primitives. These primitives are used as an offset when creating
a hash code; both numbers should be odd, nonzero, and prime. The HashCodeBui | der in Example 1-2 is configured to use
thefirst Nanme and thel ast Name of the Pol i ti cal Candi dat e object; therefore, two Pol i ti cal Candi dat e Objects with the
same first and last name will have identical hash codes. If a hash code depends on every field in a class, you may use
reflection to generate a hash code:

public int hashCode( ) {
return HashCodeBuil der.refl ecti onHashCode(t hi s);

}

Like ToSt ri ngBui | der and HashCodeBui | der , the Equal sBui | der isalso configured viaan append( ) method, which
takes two arguments to compare. Equal sBui | der 'Sappend( ) method accepts all primitives, objects, and arrays, and one
advantage of Equal sBui | der isthe ability to compare two arrays by simply passing them to append( ). When this
happens, Equal sBui | der compares every element of an array:

int[] arrayl = newint[] { 1, 3, 4, 2, 5, 3, 4, 5, 3, 4};
int[] array2 = newint[] { 1, 3, 4, 2, 5 3, 4, 5 3, 4},;
int[] array3 = newint[] { 3, 3, 3, 3, 3, 3, 3, 3, 3, 31};
Equal sBui | der bui |l der = new Equal sBui |l der( );

bui | der. append( arrayl, array2 );

bool ean firstTwoEqual = builder.isEqual s( );

Systemout.println( "lIs arrayl equal to array2? " + firstTwEqual );
Equal sBui | der buil der = new Equal sBui |l der( );

bui | der. append( array2, array3 );

bool ean | ast TwoEqual = buil der.i sEqual s( );

Systemout.printin( "Is array2 equal to array3? " + |ast TwoEqual );

The Equal sBui | der compares the contents of two arrays, checking to see that the corresponding element isequal. The
following output is produced:

Is arrayl equal to array2? true
Is array2 equal to array3? false

If two classes are equal only if every field is equal, the Equal sBui | der can compare two objects using reflection asin the
following code:

publ i c bool ean equal s(Obj ect 0) {
return Equal sBuil der.reflectionEqual s(this, o0);
}
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Warning

Be careful when using reflection to automate hashCode() and equal s( ), you may get more than you
bargained for. In Example 1-2, a candidate is uniquely identified by first and last name; if this bean were
mapped to atable in arelational database, i r st Name and | ast Nane would be a composite key identifying
each unique row. A HashMap Or HashSet issimilar to adatabase table in that the identifier is defined by the
fields used by hashCode() and equal s( ) ; putting an equal object with the same hash code into a HashMap
replaces the previous entry. A poorly implemented hashCode( ) or equal s( ) can have unintended
consequences when storing objects in such a data structure. In other words, equal s( ) and hashCode()
should be based off of the properties that uniquely identify a class. This being the case, the equal s() function
should return true if two Pol i ti cal Candi dat e objects have identical first and last names, and the hash code
for two egual objects should be identical. The hashCode( ) and equal s() in Example 1-2 are written to only
take into account thef i r st Name and | ast Narre properties.

1.7. Automating compareTo()

1.7.1. Problem
Y ou need aquick way to implement conpar eTo( ) methods.

1.7.2. Solution

Commons Lang Conpar eToBui | der provides abuilder for conpar eTo( ) methods. Conpar eToBui | der can perform a
comparison viareflection, or a comparison can be customized by passing parameters to an instance of Conpar eToBui | der .
The following example demonstrates the use of the reflection builder to implement aconpar eTo( ) method. This
implementation compares all nonstatic and nontransient member variables in both classes.

i nport org. apache. conmons. | ang. bui | der. Conpar eToBui | der;
/1 Build a conpareTo function fromreflection
public int conpareTo(oject 0) {

return ConpareToBuil der. refl ecti onConpare(this, obj);
}

1.7.3. Discussion

Conpar eToBui | der. refl ecti onConpar e( ) takes two objects and compares the non-static, nontransient member
variables of these objects. In Example 1-2, the comparison involves the name properties of two Pol i ti cal Candi dat e
objects from Example 1-3, which are considered equal if both fi r st Name and | ast Nane are equal. r ef | ect i onConpare( )
ignores static fields and transients; therefore, in Example 1-3, aver ageAge and f ul | Name do not contribute to the
automated comparison.

Example 1-3. Implementing compar eTo( ) using areflection builder

public class Political Candi date inplenments Conparabl e {
private String | astNane;
private String firstNane;
private transient String full Nane;
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/] Static Variable
private static String averageAge;

// Constructors
/'l get/set nethods

/1 Build a conpareTo function fromreflection
public int conpareTo(hject o) {
return ConpareToBuil der.refl ecti onConpare(this, 0);

}

In addition to a comparison by reflection, the Conpar eToBui | der can be configured to compare two objects by a set of
variables in a particular order. The order of comparisons plays a key role when a comparison involves multiple member
variables; this order is not specified when using ther ef | ect i onConpar e() method. Assume that the default sorting
behavior for Pol i ti cal Candi dat e Objects should bel ast Name and then f i r st Nane; if two objects have the same

| ast Narre, then sort by the i r st Nane. The following example demonstrates a customization of the conpar eTo( ) method.

Calling append( ) specifieswhat variables will be compared and in what order they will be compared. The order of the
callsto append( ) are backward—similar to pushing an object onto the top of a stack. The last property "pushed” onto the
Conpar eToBui | der isthefirst property to be compared. Objects are compared by last name, and first nameisused as a
"tiebreaker." Example 1-4 will comparetwo Pol i ti cal Candi dat e Objectsby | ast Nane, falling back to fi r st Nane only if
the | ast Nare values were equal.

Example 1-4. Customizing a compareT o( ) method with Compar eT oBuilder

/1l A conpare to that nmimcs the behavi or of equal s( )
public int conpareTo(oject 0) {
int conmpare = -1; // By default return | ess-than
if( o!=null &&
Pol i ti cal Candi dat e. cl ass. i sAssi gnabl eFron{ o.getd ass( ) ) ) {
Political Candi date pc = (Political Candi date) o;
conpare = (new ConpareToBui | der ( )
.append(firstNane, pc.firstNanme)
. append( | ast Nane, pc.| ast Nane)).toConparison( );
}

return conpare;

Remember to keep the behavior of equal s( ) and conpareTo( ) consistent to avoid problems when sorting collections.
Automating the conpar eTo( ) method viareflection may not compare objects in away that is consistent with equal s( ).

1.7.4. See Also

conpar eTo( ) methods provide the natural sorting order for a set of objects, and they are frequently used when sorting a
collection of JavaBeans®. If you are trying to sort a collection of beans, you are better off using the BeanConpar at or ,
which is described in Recipe 3.10.

Instead of capturing comparison logic in aconpar eTo() method, consider using a Conpar at or object. The Commons
Collections project contains a number of supplements to the Conpar at or interface, such as utilities to reverse and chain
comparators. Conpar at or Utilities are discussed in Chapter 4.
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1.8. Printing an Array

1.8.1. Problem
Y ou need to print the contents of an array.

1.8.2. Solution

UseArrayUtils.toString() toprint the contents of an array. This method takes any array as an argument and prints out
the contents delimited by commas and surrounded by brackets:

int[] intArray = newint[] { 2, 3, 4, 5, 6 };

int[] multiDimension = newint[][] { { 1, 2, 3}, { 2, 3}, {5 6, 7} };
Systemout.println( "intArray: " + ArrayUtils.toString( intArray ) );
Systemout.println( "rmultiDi mension: " + ArrayUils.

toString( nmultiDi nension ) );

This example takes two arrays and prints them out using ArrayUtils. toString( ):

intArray: {2,3,4,5, 6}
mul ti Di nension: {{1,2,3},{2,3},{5,6,7}}

1.8.3. Discussion
This simple utility can be used to print the contents of an j ect [ ], substituting an object for anul | element:

String[] strings = new String[] { "Blue", "Geen", null, "Yellow' };
Systemout.printin( "Strings: " + ArrayUtils.toString( strings, "Unknown" );

Thisexample printsthe st ri ngs array, and when ArrayUt i | s encountersanul I element, it will print out "Unknown":

Strings: {Blue, Geen, Unknown, Yel | ow}

This utility comes in handy when you need to print the contents of acol | ect i on for debugging purposes. If you need to
print out the contents of aCol | ect i on, convert it to an array, and passthat array to ArrayUtils. toString():

List list = new ArrayList( );

list.add( "Foo" );

list.add( "Blah" );

Systemout.println( ArrayUils.toString( list.toArray( ) ) );

1.9. Cloning and Reversing Arrays

1.9.1. Problem
Y ou need to reverse and clone the contents of an array.

10
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1.9.2. Solution

UseArrayUtils.clone() andArrayUtils. reverse() methodsfrom CommonsLang. Example 1-5 demonstrates the
reversal and cloning of aprimitive array full of | ong primitives.

Example 1-5. Cloning and reversing a primitive array with ArrayUtils

i nport org.apache. conmons. | ang. ArrayUtil s;

long[] array = { 1, 3, 2, 3, 5, 6 };

long[] reversed = ArrayUtils.clone( array );

ArrayUtils.reverse( reversed );

Systemout.printin( "Original: " + ArrayUils.toString( array ) );
Systemout.println( "Reversed: " + ArrayUils.toString( reversed ) );

Thearray iscloned and reversed, and the contents of the original and the reversed array are displayed as output using
ArrayUils.toString( ):

Oiginal :
Rever sed:

Lo Wann

1, 3, 2, 3, 5 6}
6, 5 3, 2, 3, 1}

1.9.3. Discussion

In Example 1-5, cl one( ) returnsareferenceto anew array, and reverse( ) operates on the array reference supplied as
aparameter. It isimportant to realize that while cl one( ) leavesthe original array aone, reverse( ) operates directly on
the supplied array. In addition to supporting al primitive arrays, ArrayUtils.clone( ) andArrayUtils.reverse( )

work with object arrays. If ar r ay had been an array of Long objects, the code would bear a striking resemblance to the
previous example.

The only difference between Examples Example 1-6 and Example 1-5 is the type of array being cloned and reversed.
Again, ArrayUtils.toString( ) isused to print out the contents of both the original and the reverse array:

Oiginal: { 3, 56, 233}
Reversed: { 233, 56, 3}

Example 1-6. Cloning and reversing an Object[ ] with ArrayUtils

Long[] array = new Long[] { new Long(3), new Long(56), new Long(233) };
Long[] reversed = ArrayUtils.clone( array );

ArrayUtils.reverse( reversed );

Systemout.println( "Original: " + ArrayUils.toString( array ) );
Systemout.println( "Reversed: " + ArrayUtils.toString( reversed ) );

Without the aid of ArrayUtils.clone( ) andArrayUtils. reverse( ), thistask would have involved writing aloop to
populate areversed array. The following code completes the same task, but, in order to reverse an array, this example
assigns the values from the original array in reverse; elements are inserted starting at r ever sed[ rever sed. | ength - 1]
and ending at r ever sed[ 0] :

/1 readTenps returns a 1000 nenber doubl e[]

doubl e[] tenperature = readTenps( );

doubl e[] reversed = new doubl e[tenperature.|ength];
for( int i =0; i < tenperature.length; i++ ) {

11
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reversed[reversed.length - (i+1)] = tenperature[i];

}

Another option isthe use of the Col | ecti ons. reverse() method. J2SE containsa Col | ect i ons object with a static
reverse() method, but thisonly operates on aLi st object. If you had an array of doubl e primitives, and you wanted to
take advantage of the Col | ect i ons class, you would need to convert your double array to alist. Without Java 1.5's
autoboxing feature, adoubl e[ ] will need to be translated into a boubl e[ ] before elements can be used to populate alist:

doubl e[] tenps = readTenps( );

Li st tenpList = new ArrayList( );

for( int i =0; i <tenps.length; i++ ) {
t enpLi st. add( new Doubl e[tenps[i]] );

}

Col I ections.reverse( tenpList );
doubl e[] reversed = new doubl e( tenpList.size( ) );
Iterator i = tenpList.iterator( );
int index = 0;
while( i.hasNext( ) ) {
reversed[index] = ((Double) i.next( )).doubleValue( );
i ndex++;

}

That nasty trandation between adoubl e array and alist of Doubl e objects complicates your code. The next recipe will
touch upon an easier method for performing this tranglation.

ISArrayUtils. clone( ) realy necessary? All arrays have acl one( ) method, and all Java arrays implement c oneabl e
and seri al i zabl e, but | would be surprised if many Java devel opers have read the relevant section of the Java Language
Specification (JLS), which discusses Array Members (section 10.7). All arrays can be cloned by calling thecl one( )
method:

long[] tenps = readTenps( );
long[] cloned = (long[]) tenps.clone( );

ArrayUtils. clone( ) doesn't provide you with any performance benefits, it doesn't necessarily improve your code, and
one could debate the assertion that it makes for more readable code. But, mainly, it exists as a safe way to handle nul |
array references. If you attempt to cloneanul | reference, this utility will return anul | instead of throwing aruntime
exception.

1.10. Transforming Between Object Arrays and Primitive Arrays

1.10.1. Problem

Y ou heed away to convert an object array to a primitive array.

1.10.2. Solution

UseArrayUtils.toObject() andArrayUtils.toPrinitive() totransate between primitive arrays and object arrays.
The following example demonstrates the trand ation from a primitive array to an object array and vice versa:

i mport org.apache. conmons. | ang. ArrayUtil s;
long[] primtiveArray = new long[] { 12, 100, 2929, 3323 };
Long[] objectArray = ArrayUtils.toQbject( primtiveArray );

12
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Doubl e[ ] doubl eObj ects = new Doubl e[] { new Doubl e( 3.22, 5.222, 3.221 ) };
doubl e[] doublePrimtives = ArrayUils.toPrimtive( doubl eCbject );

The result from both trandationsis an array of equal length and equal contents. The first trandation takesal ong[] and
trandates the array to aLong[ ], and the second tranglation takes a Doubl e[ ] and turnsit into adoubl e[] .

1.10.3. Discussion

Assume that the following example uses an external library that expects alist of Doubl e objects. The existing system uses
an array of double primitives, and you need to "step up" from a primitive array to an object array in order to pass a
parameter to the conpl exCal cul ati on() method:

/1 Assume that tenps is a 4000 el enent doubl e[]

doubl e[] tenps = readTenps( );

/1 Turn the double[] into an array of Doubl e objects
Doubl e[] objectArray = ArrayUtils.toObject( tenps );

Li st inputList = Arrays. asList( objectArray );

/1 Assume that some process returns results as a List of Double

/1 objects

Li st outputList = external Li b. conpl exCal cul ati on( inputList );

[l Transformthis List of doubles to an array of double primtives
Doubl e[] resultObj Array =
(Doubl e[]) outputList.toArray( new Doubl e[ 0] )

doubl e[] result =

ArrayUtils.toPrimitive( resultQCbj Array, Double.NaN )

The primitive array, t enps, istransformed to an object array using Array Ui | s. t oObj ect ( ), and the results of our
calculation are trandated from alist to an array of primitivesusing ArrayUtils.toPrimtive( ).Whilean object array
can contain anul I element, a primitive array cannot; the second argument to ArrayUtils. toPrinitive( ) specifiesa
double value to be used if thereisanul I in the object array. In this example, nul | valuesin the object array are stored as
Doubl e. NaN in our primitive array. The second argumentto ArrayUtils. toPrimitive( ) isoptional; if itisnot present
and anul | valueis present in the object array, aNul | Poi nt er Except i on iSthrown.

ArrayUt i | s offersvarious static methods to transform between primitive and object arrays. Tables Table 1-2 and Table
1-3 summarize both thet obj ect ( ) andtoPrinitive() methods,

Table 1-2. Thevariousflavors of ArrayUtils.toObject( )

Return type Method signature

Bool ean[] ArrayUtils.toObject( boolean[] array )
Byt e[] ArrayUtils.tobject( byte[] array )
Doubl e[ ] ArrayUtils.toObject( double[] array )
Fl oat [ ] ArrayUtils.toject( float[] array )

I nteger[] ArrayUtils.toQhject( int[] array )
Short[] ArrayUtils.tohject( short[] array )
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Return type Method signature

Long[ ] ArrayUtils.toObject( long[] array )

Table 1-3. Thevarious flavorsof ArrayUtils.toPrimitive()

Return type Method signature

Bool ean[ ] ArrayUtils.toPrimtive( boolean[] array )
Byte[] ArrayUtils.toPrimtive( byte[] array )
Doubl e[ ] ArrayUtils.toPrinmtive( double[] array )
Fl oat[] ArrayUtils.toPrimtive( float[] array )

I nteger[] ArrayUils.toPrimtive( integer[] array )
Short[] ArrayUtils.toPrimtive( short[] array )
Long[] ArrayUtils.toPrimtive( long[] array )

1.10.4. See Also

Java 1.5 has added a feature called autoboxing, which provides for automatic conversions between primitives and objects.
For more information about autoboxing, see http://www.jcp.org/aboutJava/communityprocess/jsr/tiger/autoboxing.html.

1.11. Finding Items in an Array

1.11.1. Problem

Y ou need to test an array to seeif it contains an element. If the array contains the element, you need the index of the
matching element.

1.11.2. Solution

UseArrayUtils. contains() toseeif an array contains a specified element, and use ArrayUti | s. i ndexOf( ) or
ArrayUils. lastlndexOf () to find the position of a matching element. The following example demonstrates the use of
these three methods:

i mport org.apache. conmons. | ang. ArrayUtils;

String[] stringArray = { "Red", "Orange", "Blue", "Brown", "Red" };
bool ean contai nsBlue = ArrayUtils.contains( stringArray, "Blue" );
int indexOfFRed = ArrayUtils.indexOf( stringArray, "Red");

int lastlndexOARed = ArrayUils.lastlndexOf( string, "Red" );
Systemout.println( "Array contains 'Blue'? " + containsBlue );
Systemout.println( "Index of "Red'? " + indexOfRed );
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Systemout.println( "Last Index of 'Red'? " + |astlndexOfRed );

This example locates stringsin astring array and produces the following outpult:

Array contains 'Blue' ? true
I ndex of 'Red'? O
Last Index of 'Red ? 4

1.11.3. Discussion

All three methods work with an object array or any primitive array; in fact, almost every method defined in ArrayUt il s
can be applied to every possible array type—bool ean[], byte[], char[],double[],float[],long[],short[],and
Obj ect []. When using a primitive array, ArrayUti | s compares the value in question to each element of an array until a

match is found. When using an object array, ArrayUt i | s calstheequal s( ) method to check for a matching array
element.

ArrayUils.indexO () andArrayUtils.|astlndexOf () take an optional third parameter that controls where an
element search begins. In the next example, you are searching an array of double primitives for the value -9999. Example
1-7 demonstrates how to establish that the value is contained within an array and how to locate the index for each
matching element.

Example 1-7. Searching an array using ArrayUtils.contains( ) and ArrayUtils.indexOf( )

/] tenps is a 1000 el ement |ong[]

long[] tenps = readTenps( );

/] Check to see if the array contains -9999

bool ean hasErrorFlag = ArrayUtils.contai ns( tenperature, -9999 );

/1 Print out the index of every errored reading
int start = 0;
whi | e( hasErrorFl ag &&

(ArrayUtils.indexCf (tenperature, -9999, start) !=-1) ) {
int errorldx = ArrayUtils.indexOf (tenperature, -9999, start);
Systemout.println( "Error reading at index: " + errorldx );

start = errorldx + 1;

Y ou could easily implement this method yourself; ArrayUtils. contains( ) andArrayUtils.indexO () aresimply
methods that iterate through every element of an array and test for equality. The simple savings you gain from
ArrayUtils isonelessfor loop you have to test and maintain:

| ong testValue = -9999;
bool ean hasErrors = fal se;
for( int i =0; i <tenps.length; i++ ) {
if( tenmps[i] == testValue ) {
hasErrors = true;
}
}

The benefits are small, but maintaining your own custom utility classesis apain—it is just another thing to test and
maintain. ArrayUti| s isn't going to change your application's architecture, but it will ultimately reduce the amount of
trivial code you have to write, and you will not have to expend energy maintaining or testing trivial code.
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1.11.4. See Also

Chapter 4 contains a number of recipes dealing with pr edi cat e objects and filtering collections. Instead of using the three
methods defined in this recipe, you can put objects into a collection and count or select the elements that match an
Equal Predi cat e. See Chapter 4 for more information about querying collections with predicates.

1.12. Creating a Map from a Multidimensional Array

1.12.1. Problem
Y ou need to create a Map from a multidimensional array.

1.12.2. Solution

UseArrayUtils. toMap() to create anmap from atwo-dimensional array (Obj ect[]1[] ). Example 1-8 demonstrates the
creation of such avap. Example 1-8 takesan hj ect [][] representing atomic symbols and atomic weights and turns it
into a mvap retrieving the atomic weight for hydrogen.

Example 1-8. Creating a Map from an Object[ ][ ]

i mport org.apache. conmons. | ang. ArrayUti | s;
Obj ect[] weightArray =

new Object[][] { {"H" , new Double( 1.007)},
"He", new Doubl e( 4.002)},
"Li", new Doubl e( 6.941)},
"Be", new Double( 9.012)},
, new Doubl e(10.811) },
,  new Doubl e(12. 010) },
new Doubl e(14. 007) },
,  new Doubl e(15.999)},
, new Doubl e(18.998)},
", new Doubl e(20.180)} };
/]l Create a Map mappi ng col ors.
Map weights = ArrayUtils.toMap( wei ghtArray );
Doubl e hydrogenWi ght = map.get( "H' );

e e ]

£MQZQ0

1.12.3. Discussion

Instead of calling wei ght s. put ( ) for each entry in the Map, an j ect[][] iscreated and then passed to
ArrayUils.tovap() . Thet ovap() method then extractsthefirst item in each array as the key and the second item as the
value. Thisisasimple way to quickly create avap in apiece of code; the alternativeto using ArrayUti | s. t oMap( ) iSto
simply create avap and repeatedly call the put ( ) method.

1.12.4. See Also

In the previous example, Doubl e objects are added to a vap, and values are retrieved from the vap using get ( ) .
Commons Collections contains utility methods for retrieving Doubl e objects as doubl e primitives; MapUti | s. get Doubl e(
) retrieves an object from amap, castsit to aNumber , and calls doubl eval ue( ) using the default value supplied if thereis
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no corresponding key in the Map. See Recipe 5.21 for more information about MapUt i | s. get Doubl e( ).

1.13. Formatting Dates

1.13.1. Problem
Y ou need to format a date, and Si npl eDat eFor mat S not thread-safe. Y ou are also looking for standard International
Organization of Standards (I1SO) date formats.

1.13.2. Solution

Use Fast Dat eFor mat , a thread-safe formatter for Java Dat e objects, and use public static instances of Fast Dat eFor mat 0N
Dat eFor mat Ut i | s, which correspond to | SO date and time formatting standards defined in SO 8601. The following
exampl e outputs the international standard for representing a date and time in a given time zone:

Date now = new Date( );
String i soDT = DateFormat Utils.| SO DATETI ME_TI ME_ZONE_FORMAT. f or mat ( now ) ;

Systemout.println( "It is currently: " + isoDT );

This produces the following output displaying the current time with time-zone information:

It is currently: 2004-03-26T16: 20: 00-07: 00

If you need to use a custom date format, use Fast Dat eFor mat as a substitute for Si npl eDat eFor mat :

/] create a formatter that sinply prints the year and nonth
Fast Dat eFormat formatter =
new Fast Dat eFormat ( "yyyy- mfi',
Ti meZone. get Defaul t ( ),
Local e. getDefault( ) );
String output = formatter.format( new Date( ) );
/1 output equals "2003-10"

1.13.3. Discussion

The problem for this recipe istwo-fold; your multithreaded application needs to print out standard date/time formats.
Printing a standard format is a problem easily solved by static instances of Fast Dat eFor mat 0N Dat eFor mat Ut i | s. |dedlly,
every program that needs to deal with dates knows how to recognize an | SO 8601 date when parsing input. Theworld is
getting smaller by the day; use international standards when presenting dates, times, measures, and country codes.

Si npl eDat eFor mat isincapable of producing an 1SO-8601-compliant time zone that matches the pattern: +11: 30. Sun's

Si npl eDat eFor mat class can generate time zones without the colon separator, but these are incompatible with systems that
need to be able to parse a standard format. Fast Dat eFor mat has achieved compliance with the | SO 8601 standard by
adding a"ZZ" date format symbol, which istrangated into the appropriate time-zone representation. In addition to the
format demonstrated in the previous example, the Dat eFor mat Ut i | s class maintains a number of variations on the full

SO 8601 date format; there is aformat to show only the time, aformat to show only the date, and others, as well asthe
standard format for displaying datesin Simple Mail Transfer Protocol (SMTP). (See Table 1-4.)

Table 1-4. Static date/time for matsin DateFor matUtils
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Name Format

| SO _DATE_FORNVAT yyyy- Mt dd" 2004- 01- 02"

| SO DATE_TI ME_ZONE_FORMAT yyyy- MMt ddZZ" 2004- 01- 02- 07: 00"

| SO DATETI ME_FORMAT yyyy- Mt dd' T' HH: nm ss" 2004- 01- 02T23: 22: 12"

| SO_DATETI ME_TI ME_ZONE_FORNAT yyyy- MM dd' T' HH: nm ssZZ" 2004- 01- 02T21: 13: 45- 07: 00"
| SO_TI ME_FORMAT 'T' HH: mm ss" T04: 23: 22"

I SO TI ME_NO T_FORNAT HH: nm ss" 05: 12: 34"

| SO TI ME_NO T_TI ME_ZONE_FORNMAT HH: mm ssZZz" 12: 32: 22- 07: 00"

| SO_TI ME_TI ME_ZONE_FORNMAT "T' HH: m ssZZ" T18: 23: 22- 07: 00"

SMTP_DATETI ME_FORMAT EEE, dd MW yyyy HH: mmss Z"\Wed, 01 Feb 2004

20: 03: 01 CST"

Why would you want to use Fast Dat eFor mat in the same way Si npl eDat eFor mat IS used? Isn't Si npl eDat eFor mat
enough? The simple answer is no; Si npl eDat eFor mat IS not thread-safe and Fast Dat eFor mat is. In fact, you should be
aware that none of the Sun formatting classes are thread-safe. If multiple threads are using any Java formatting object
thereis apossibility of deadlock, Runt i meExcept i on, or inconsistent behavior. If your systems use a shared instance

Si npl eDat eFor mat across multiple threads, you should migrate to Fast Dat eFor mat immediately.

1.13.4. See Also

Java date and time classes have a number of issues—concurrency issues with date formatting being "only the tip of the
iceberg." An active member of the Commons community, Stephen Colebourne, has taken time to create a clean room
reimplementation of a date and time API. For more information about Joda, take alook at the Joda project page
(http://www.joda.org/).

For more information about the SO date and time standards, see http://www.cl.cam.ac.uk/~mak?25/iso-time.html.

For more information about nonthread-safe implementations of Si npl eDat eFor mat , See Sun's Bug Database, and look for
Bug #4264153. Sun specifically states that all of the format classes For mat , MessageFor mat , Nunber For mat ,

Deci mal For mat , Choi ceFor mat , Dat eFor nat , and Si npl eDat eFor mat are not thread-safe. It is unclear if Sun has addressed
thisissuein Java 1.4, but if you are writing critical multithreaded applications, you should avoid Sun's formatting classes
or synchronize access to them.

1.14. Rounding Date Objects

1.14.1. Problem
Y ou need to round a date to the nearest second, minute, hour, day, month, or year.
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1.14.2. Solution

UseDat eUti | s toround Dat e objectsto the nearest cal endar field. DateUti | s. round() canround to amost every
cal endar field, including Cal endar . SECOND, Cal endar . M NUTE, Cal endar . HOUR, Cal endar . DAY_OF_MONTH,

Cal endar . MONTH, and Cal endar . YEAR. The following example demonstrates the use of DateUtils. round( ):

i mport org.apache. conmons. | ang. ti ne. Fast Dat eFor nmat ;

i nport org.apache. commons. | ang. ti me. Dat eFormat Uti | s;

i mport org.apache. conmons. | ang.tine. DateUtil s;

Fast Dat eFor nat dt Format = Dat eFormat Util s. | SO DATETI ME_FORNAT;
Date now = new Date( );

Dat e nearestHour = DateUtils.round( now, Cal endar.HOUR );

Dat e nearestDay = DateUtils.round( now, Cal endar.DAY_OF MONTH );
Dat e nearestYear = DateUtils.round( now, Cal endar. YEAR );
Systemout.println( "Now. " + dtFormat.format( now ) );

Systemout.println( "Nearest Hour: " + dtFormat.format( nearestHour ) );
Systemout.println( "Nearest Day: " + dtFormat.format( nearestDay ) );
Systemout.println( "Nearest Year: " + dtFormat.format( nearestYear ) );

This example creates an object representing the current time and rounds this date to the nearest hour, day, and year.
Assuming that the current date is March 28, 2004, and the current timeis 1:48 P.M., this program creates the following
output using the Fast Dat eFor mat class from the previous recipe:

Now. 2004- 03-28T13:48: 12

Near est Hour: 2004-03-28T14: 00: 00
Near est Day: 2004-03-29T00: 00: 00
Near est Year: 2004-01-01TO0O: 00: 00

1.14.3. Discussion

If you are creating a system to record the time of an event, and you are not certain exactly when that event happened, it is
appropriate to round that date and time to an approximate value. Are you certain that you woke up at 9:02 A.M., 23
seconds, and 879 milliseconds? Or, isit more likely that you remember that you woke up around 9 A.M.? It would be
appropriate to round this time to the Cal endar . M NUTE Of Cal endar . HOUR field at the very |east—recording a general time,
such as"around 9 A.M." In the following example, DateUti | s. round( ) calculates an approximate time:

/1 Rounding to the nearest hour
Dat e wokeUp = new Date( );
Dat e wokeUpAround = DateUtils.round( now, Cal endar.HOUR );

If your wokeUp Dat e object is 1:31 P.M., then wokeUpAr ound will be equal to 2:00 P.M. But, if you woke up at 1:15 P.M.,
your wokeUpAr ound object would then be rounded down to 1:00 P.M. When you round or truncate to afield, all of the date
fields less significant than the specified field are set to zero. In this example, rounding to an hour causes the minutes,
seconds, and milliseconds to be set to zero. Rounding a Dat e t0 a Cal endar . YEAR Sets the day of the year to one and the
time to the first instance of the nearest year:

Date now = new Date( )
Dat e nearestYear = DateUtils.round( now, Cal endar. YEAR );

This previous code rounds to the nearest year, and if nowis 15 May 2004, the resulting Dat e will correspond to the first
instance of 2004. Alternatively, if nowis 15 July 2004, the resulting Dat e will be the first instance of 2005.

Dateltils.round( ) workswith thefollowing field values, listed in order of significance:
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* Cal endar. M LLI SECOND

* Cal endar. SECOND

* Cal endar. M NUTE

* Cal endar. HOUR_OF DAY and Cal endar . HOUR

e Cal endar . DATE, Cal endar . DAY_OF_MONTH, and Cal endar . AM_PM
® Cal endar. MONTH

* Dateltils. SEM _MONTH

* Cal endar. YEAR

* Cal endar. ERA
DateUti | s introducesabat elti| s. SEM _MONTH field, which will cause dates to be rounded to the middle or beginning of
amonth. InDat et i | s, the middle of the month is defined as the 15th day of the month with the second half of the month
starting at midnight on the 16th day of the month:

Cal endar cal = Cal endar. getlnstance( );

cal . set ( 2004, Cal endar. MARCH, 5, 10, 2, 2 );
Systemout.println( DateUtils.round( cal.getTime( ) ,
DateUtils. SEM _MONTH ) );

This code will print out Mon Mar 01 00: 00: 00 CST 2004 asthe 5th of March and is closer to the beginning of the month
than it isto the middle of the month. If the cal endar object was March, 14th, 2004, and it had been rounded to a

Dat eUti | s. SEM _MONTH, the rounded date would have been set to midnight on March 16th. One would think that the
middle of March isthe 15th? Isn't that date the famous | des of March—the date on which Brutus betrayed Caesar?
According to Dat et i | s, thefirst half of the month ends at 11:59 P.M. on the 15th of the month; the Dat eUt i | s. r ound(

) method returns the first instant of the beginning of the second half of March: March 16 12:00: 00. 000 A M

1.14.4. See Also

The more you work with Java's Dat e and Cal endar object, the more you will curse the J2SE. If your frustration is boiling
over, take alook at Joda. Joda contains an entire package devoted to date, time, and duration formatting, and it is not
based on the Dat e or Cal endar classes. For more information about Joda, take alook at the Joda project page at:
http://www.joda.org/.

1.15. Truncating Date Objects

1.15.1. Problem
Y ou need to truncate a date to a calendar field.

1.15.2. Solution
UseDatelUtils.truncate() tothrow out all fields less significant than the specified field. When aDat e is truncated to the
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Cal endar . MONTHfield, DateUti | s. truncat e( ) Will return aDat e object set to the first instance of the month. The day,
hour, minute, second, and millisecond field will each contain the minimum possible value for that field. Example 1-9
truncates a date at the month field and the hour field.

Example 1-9. Truncating a Date object at Calendar MONTH

i mport org.apache. conmons. |l ang.tine. DateUtils;
i nport org.apache. conmons. | ang. ti ne. Fast Dat eFor nat ;
i mport org.apache. conmons. | ang. ti ne. Dat eFormat Uil s;
Fast Dat eFor nat dt Format = Dat eFormat Util s. | SO DATETI ME_FORVAT;
Date now = new Date( );
Date truncatedMonth = DateUtils.truncate( now, Cal endar. MONTH );
Date truncatedHour = DateUtils.truncate( now, Cal endar.HOUR );
Systemout.println( "Now. " + dtFormat.format( now ) );
System out. println( "Truncated Month:

+ dt Format . format ( truncatedMonth ) );
Systemout.println( "Truncated Hour:

+ dt Format. format ( truncat edHour ) );

Assuming that the current date is March 28, 2004, and the current timeis 1:48 P.M., this example produces the following
output:

Now. 2004-03-28T13:48:12
Truncat ed Mont h: 2004- 03-01T00: 00: 00
Truncat ed Hour: 2004-03-28T13: 00: 00

1.15.3. Discussion

If you want to associate every event that happened between 2 P.M. and 3 P.M. with the 2 P.M. hour, or every event that
happened in a particular year with the first instant of that year, you need to truncate a bat e at a specified cal endar field.
When aDat e istruncated, it isrounded down; DateUti | s. t runcat e() iSthe equivalent of Mat h. f1 oor ( ) for theDat e
class. If itis4:02 P.M. on October 31, 1975, aDat e object truncated at the Cal endar . HOUR field will point to 4:00 P.M.,
and a Dat e truncated at the cal endar . YEAR field will point to the first millisecond of the first minute, of the first hour, of
thefirst day of year 2005: January 01 2005: 12:00: 00. 000 A. M

1.15.4. See Also

DateUtils.truncate( ) canalso be used to truncate a date to the nearest Dat eUt i | s. SEM _MONTH. Recipe 1.14 discusses
DateUtils. SEM _MONTH in more detail.

1.16. Creating an Enum

1.16.1. Problem
Y ou need an Enum, but you are not using the new Java 1.5 release.

1.16.2. Solution
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If you are stuck with Java 1.4 or lower, you can use Commons Lang Enum Val uedEnum and Enunit i | s to create an enum
"type," which approximates the new language feature. Example 1-10 extends Enum, providing three flavors:
Fl avor . CHOCOLATE, Fl avor . VANI LLA, and FI avor . STRAVWBERRY.

Example 1-10. Defining a Flavor enumeration by extending Enum

i mport java.util.?*;

i nport org. apache. conmons. | ang. enum Enum

public final class Flavor extends Enum {
public static Flavor CHOCOLATE = new Fl avor( "Chocol ate" );
public static Flavor VANILLA = new Flavor( "Vanilla" );
public static Flavor STRAWBERRY = new Fl avor ( "Strawberry" );
private Flavor(String name, int value) { super( name, value ); }
public static Flavor getEnun(String flavor) {

return (Flavor) get Enum(Fl avor.class, flavor);

}

public static Map get Enumvap( ) {
return get Enumvap(Fl avor. cl ass) ;

}

public static List getEnunliist( ) {
return get Enunli st (Fl avor. cl ass) ;
}

public static Iterator iterator( ) {
return iterator(Fl avor. cl ass);

}

The key to an Enumis the private constructor; this guarantees that there are only three instances of Fl avor in any virtua
machine. This extension of Enumprovides a number of useful utilitiesto get aLi st or Map of available Fl avor instances:

/1 Using Flavor to create an ice cream cone

| ceCreanCone cone = new | ceCreantCone( );

cone. set Scoops( 5 );

cone. set Fl avor ( Fl avor. VANI LLA );

cone. addToppi ng( "sprinkl es" );

Li st flavors = Flavor.get Enunlist( );

Systemout.println( ArrayUils.toString( flavors.toString( ) ) );
/I prints "{ Chocolate, Vanilla, Strawberry }"

1.16.3. Discussion

Assume that you are writing a system to classify choral singers by voice type: soprano, ato, tenor, and bass. Y our
database has atable dbo. | u_Voi cePar t , which contains a part name and a numeric part code. This voice part is a coded
type; it needs both aname and a code, and a straightforward design is achieved by extending Val uedEnum. Val uedEnumis
an Enumthat keeps track of a numeric code for each instance of the enumeration. Par t Enumextends val uedEnumto store
static instances of the four possible voice parts: soprano, alto, tenor, and bass. (See Example 1-11.)

Example 1-11. Extending ValuedEnum to create an enum

i mport java.util.?*;
i mport org.apache. commons. | ang. enum Val uedEnum
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public final class Part Enum extends Val uedEnum {

public static int SOPRANO VAL = 1;

public static int ALTO VAL = 2;

public static int TENOR VAL = 3;

public static int BASS VAL = 4;

public static Part Enum SOPRANO = new Part sEnun{ " Soprano”, SOPRANO VAL );
public static Part Enum ALTO = new PartsEnum( "Alto", ALTO VAL );

public static Part Enum TENOR = new Part sEnunm( "Tenor", TENOR VAL );

public static Part Enum BASS = new PartsEnum( "Bass", BASS VAL );
private PartsEnunm(String nane, int value) { super( nane, value ); }
public static Part Enum get Enun(String part) {
return (PartEnun) get Enum( Part Enum cl ass, part);
}
public static PartEnum get Enun(int part) {
return (PartEnun) get Enun(Part Enum cl ass, part);
}
public static Map get EnunivVap( ) {
return get Enumvap(Part Enum cl ass);
}
public static List getEnuntist( ) {
return get Enunli st (Part Enum cl ass) ;
}

public static Iterator iterator( ) {
return iterator(Part Enum cl ass);

}

This class extends val uedEnumand has a private constructor. This guarantees that the only instances of this enumeration
will be defined in Par t Enumi four instances of Par t Enumare created as public static final constants, and anameis assigned
to every part. (See Example 1-12.)

Example 1-12. Vocalist bean with a PartEnum

public class Vocalist {
private String nane;
private PartEnum part;
public String getName( ) { return name; }
public void setNane(String nane) { this.name = nane; }
public PartEnumgetPart( ) { return part; }
public void setPart(Part Enum part) { this.part = part; }

Checking for every voice part involvesacall to Part Enum i terator ( ), which obviatesthe need for ani f /el se i f
control statement to catch every single voice part:

Iterator parts = PartEnumiterator( );
whi l e( parts. hasNext( ) ) {
Part Enum part = (Part Enum) parts.next( )
i f( part.equal s( vocalist.getPart( ) ) )
Systemout.println( "Vocalist is a " +
}

{
part.getValue( ) );

}

This example did not include any reference to a specific voice part, but, if your code needs to reference a specific voice
type, it can use the static constants in Par t Enum—Par t Enum SOPRANO, Par t Enum ALTO, Par t Enum TENOR, and
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Par t Enum BASS. And, lastly, it isimpossible to create avocal i st object with an invalid voice part, as the part property
must be one of the four static instances of Par t Enumdefined in aPar t Enumor nul | .

Using Enum types becomes especially important if an object has multiple classifications. |f you were creating an object to
track a person, you could easily end up with two overlapping classifications. In Example 1-13, both j obst at us and
gender can be UNKNOWN, and the valid options for both j obst at us and gender are defined as public statici nt variables.

Example 1-13. Using public static final constantsfor category information

public class Person {

public static final int STUDENT = -1;
public static final int EMPLOYED = O;
public static final int UNEMPLOYED = 1;
public static final int RETIRED = 2;
public static final int UNKNOWN = 3;
public static final int MALE = O;
public static final int FEMALE = 1;

private int jobStatus;

private int gender;

public int getJobStatus( ) { return jobStatus; }

public void setJobStatus(int jobStatus) { this.jobStatus = jobStatus; }
public int getGender( ) { return gender; }

public void setGender(int gender) { this.gender = gender; }

This class defines two properties—;j obSt at us and gender —and both correspond to codes stored in the database. This
system needs to know; that MALE, FEMALE, and UNKNOWN are the valid values for the gender property; and STUDENT,
EMPLOYED, UNEMPLOYED, UNKNOWN, and RETI RED all correspond to thej obst at us property. This class does not define which
constants are related to which property. Is UNKNOWN @ gender OF aj obSt at us? Some systems rename these static variables
to reflect which properties they correspond to—GENDER_MALE, GENDER_FEMALE, and GENDER_UNKNOWN would clearly
correspond to the gender property; and JOB_STUDENT, JOB_EMPLOYED, JOB_UNEMPLOYED, JOB_UNKNOWN, and JOB_RETI RED
would correspond to thej obsSt at us property. This solution only draws a conceptual boundary in the mind of the
programmer; no logical separation is achieved, and thereis still no way to guarantee that a bean property will have avalid
value. (See Example 1-14.)

Example 1-14. Simplifying with ValueEnum

public class Person {
private JobStat usEnum j obSt at us;
privat e Gender Enum gender ;
publ i ¢ JobStat usEnum get JobStatus( ) { return jobStatus; }
public void setJobStatus(JobStatusEnum j obStatus) {
this.jobStatus = j obStat us;
}

publ i ¢ Gender Enum get Gender( ) { return gender; }
public void set Gender (Gender Enum gender) { this.gender = gender; }

The solution to this problem can be solved by extending val uedeEnumand getting rid of the confusing mish-mash of public
static constants. If you find yourself frequently creating static variables to reflect categories or types, enums are the
solution. And, if you haven't upgraded to Java 1.5, use Commons Lang Enumand Val uedEnum
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1.16.4. See Also

As mentioned previously, Java 1.5 (or Tiger) has a new language feature: enums. If you are using Java 1.5, see the "Java
1.5in aNutshell" article from Sun Microsystems at http://java.sun.com/devel oper/technical Articles/rel eases/ 2se15/.

1.18. Validation of Method Parameters

1.18.1. Problem
Y ou need to validate parameters passed to a method. Y ou would prefer one line of code to test that a method parameter is
valid.

1.18.2. Solution

Use val i dat e to check method parameters. val i dat e can check for empty or nul | parameters, as well as evaluate any
logical conditions. Example 1-18 demonstrates the use of val i dat e to perform afew simple validations.

Example 1-18. Using Validate to perform simple validations

i mport org. apache. conmons. | ang. Val i dat e;
publ i c doSonet hi ng( int paranil, Cbject[] paranR, Collection paranB ) {
Val i date.isTrue( paraml > 0, "param nust be greater than zero" );
Val i dat e. not Enpty( paran®, "paran2 nust not be enpty" );
Val i dat e. not Enpty( paranB, "paranB8 nust not be enpty" );
Val i dat e. noNul | El enment s( paranB8, "paran8 cannot contain null elenents" );
/1 do sonething conplex and interesting

1.18.3. Discussion

Write finicky methods. Don't just work with any input, have some standards. Don't hang around with garbage or

nul | s—clean up your act, and use val i dat e. Methodsin val i dat e throw an I | | egal Ar gunent Except i on if invalid
parameters are encountered. Val i dat e. not Enpt y( ) will throw an exception if the parameter isnul | or empty, and
validate.isTrue( ) takesalogical expression that must evaluate to true. Table 1-5 lists a number of static methods of

Val i dat e.

Table 1-5. Available static methods on Validate

Validate method Description

i sTrue(bool ean expr) Failsif expression evaluatesto false

i sTrue(bool ean expr, String nsg) Same as above; constructs exception with a message
noNul | El enent s( Col | ection col) Failsif collection contains a null

noNul | El enent s(Chj ect[] array) Failsif array contains a null
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Validate method Description

not Enpt y( Col | ecti on col) Failsif collection is empty
not Enpt y(Map rmap) Failsif map is empty

not Enpt y( Obj ect[] array) Failsif array is empty

not Nul | (Qbj ect obj) Failsif object isnull

Well-written code tests input and parameters. |s the number within a given range? Has the user supplied an index that is
out of bounds for this array? Unless you want your applications to break down and throw exceptions, make sure that you
are not trying to access the 15th element of a 10-element array; your code should be skeptical of parameters and refuse to
runif it doesn't get itsway. In fragile systems, parameter validation is not atop priority; errors are dealt with as different
application layers throw a potpourri of exceptions. Other, more unstable, systemswill passanul | al the way down the
call stack until the lowest level blows up and spits back aNul | Poi nt er Except i on—Wwith along-winded stack trace. Don't
play around with nul | —avoid it, test your system exhaustively, and throw an 1 1 | egal Ar gument Except i on.

Consider the following method, which takes a latitude, longitude, and mode parameter. Both the latitude and longitude
must fall within avalid range, and this method should throw an I | | egal Ar gunent Except i on if it encounters an unrealistic
latitude, an unrealistic longitude, or an empty mode parameter. The val i dat e utility used in conjunction with a

Doubl eRange object can reduce the amount of code dedicated to range checking and method parameter validation. To test
the validity of the coordinates, two constant Doubl eRange objects are created outside of the method.

Doubl eRange. i ncl udesDoubl e( doubl e d) returnstrueif the number falls within the defined range—i f x <= rangeMax
& x >= rangeM n. (See Example 1-19.)

Example 1-19. Using the Validator and the DoubleRange to validate method parameters

public static final Doubl eRange LAT_ RANGE 0);
public static final Doubl eRange LON RANGE 0)
publ i c doubl e el evati on( double Iatitude,
doubl e | ongi t ude,
String node ) {
Val i dat e. not Enpt y( node, "Mde cannot be enpty or null" );
Val i date. i sTrue( LAT_RANGE. i ncl udesDoubl e( | atitude ),
"Lat not in range " + |atRange, l|atitude );
Val i dat e. i sTrue( LON_RANGE. i ncl udesDoubl e( | ongitude ),
"Lon not in range " + |onRange, |ongitude );
doubl e el evation = 0.0;
[/l code to inplenent the el evation nethod

return el evati on;

new Doubl eRange( -90.0, 90.
new Doubl eRange( -180.0, 180.

It takes afair amount of institutional discipline to make sure that a code base has a sufficient amount of validation, and it
is surprising how often systems scale to thousands of lines without it. Systems without good internal validation and sanity
checks are characterized by frequent occurrences of Nul | Poi nt er Except i on and Runt i meExcept i on. Throwing

Runt i meExcept i on intheform of | | | egal Argunent Except i on might seem like an odd recipe for increasing overall
stability. But, if you actively throw exceptions and test exhaustively, it will be lesstoil and trouble to identify and fix
defects—your application will fail sooner, and you will have short stack traces and well-defined problems. Performing
rigorous parameter validation alone will not create a stable system, but it is part of alarger equation, which involves unit
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testing and validation.

In addition to parameter validation, you should be writing unit tests that test this validation. If you write good unit tests
using JUnit and then measure your test coverage with atool like Clover or JCoverage, you can save yourself an amazing
amount of grief fixing unanticipated defects. Y our unit tests should be covering close to 100% of your code, and they
should throw curveballs. Don't just test the expected situation—if your method takes a double, see what it does with

Doubl e. POSI TI VE_I NFI NI TY; and if your method takes an array, passit anul | . Test the unexpected; if you find that your
method melts down with anul | , check the parameter with val i dat e. 100% test coverage is not an unreadlistic ideal; it will
drive your validation code. More test coverage always leadsto a higher level of system quality.

1.18.4. See Also
Chapter 8 discusses Doubl eRange and other utilities for capturing a range of numbers.

Chapters 4 to Chapter 7 of the Java Extreme Programming Cookbook by Eric Burke and Brian Coyner (O'Reilly) are
great introductions to unit testing tools and concepts. Read this book for an introduction to JUnit, HttpUnit, mock objects,
and the idea of unit testing. Think of val i dat e as aruntime test for a method; the methods on val i dat e are analogous to
theassert ( ) methodsin JUnit's Test Case class.

If you are interested in measuring code coverage of unit tests, take some timeto look at Clover from Cortex eBusiness.
Cortex eBusiness offers afree license to Open Source projects, but if you are using the product in acommercial
environment, it is around $250. More information about Clover is available at http://www.thecortex.net/clover/. Other
than Clover, there is another tool named JCoverage, which can also be used to measure test coverage. More information
about JCoverage is available at http://www.jcoverage.com/. For more information about JUnit, go to
http://www.junit.org/.

1.19. Measuring Time

1.19.1. Problem
Y ou need to determine how much time has elapsed during the execution of a block of code.

1.19.2. Solution

Use st opvat ch to measure the time it takes to execute a section of code. Example 1-20 demonstrates the use of this class
to measure the time it takes to perform simple arithmetic operations.

Example 1-20. Using StopWatch to measuretime

i nport org.apache. conmons. | ang. ti nme. St op\Wat ch;
St opWat ch cl ock = new St opWatch( );

Systemout.println("Tine to Math.sin(0.34) ten nmllion tines?" );
clock.start( );
for( int i = 0; i < 100000000; i++ ) {
Mat h. sin( 0.34 );
}

cl ock. stop( );

Systemout.printin( "It takes " + clock.getTine( ) + " mlliseconds" );
clock.reset( );

Systemout.println( "How long to multiply 2 doubles one billion tinmes?" );
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clock.start( );
for( int i = 0;

doubl e resul t
}

cl ock. stop( );
Systemout.println( "It takes " + clock.getTine( ) + " mlliseconds.” );

< 1000000000; i++) {
= 3423.2234 * 23e-4;

This example measures execution time with st opwat ch and produces the following output:

Time to Math.sin(0.34) ten nillion tines?

It takes 6865 mlliseconds
How long to nmultiply 2 doubles one billion tinmes?
It takes 1992 m |l li seconds.

1.19.3. Discussion

St opvat ch performs the same functions as a physical stop watch; you can start, stop, pause, resume, reset, and split the
clock. The name of this utility conveys unmistakable meaning: starting, stopping, pausing, and resuming a clock are
methods that need no explanation, and resetting an instance of St opwat ch simply resets the elapsed time to zero. When a
St opvat ch is"split" the clock continues to tick, but every call to st opvt ch. get Ti me() will return the time at which
split( ) wasinvoked. Thisisanalogousto the "lap" button on areal stop watch; the St opwat ch. split( ) causes

St opWat ch. get Ti me( ) toreturn "lap time." When arunner completes alap, you can "freeze" the lap time while the clock
continues to count seconds. Once you split a St opvat ch, you will need to invoke the St opwat ch. unspl it ( ) method to
measure the total time elapsed since the clock was started.

Example 1-21 demonstratesthe spl i t () method on st opwat ch. The clock continues to tick for three seconds, and after
one second the st opwat ch is split. Calling get Ti me() between the split and unsplit times will return one second. After
three seconds, theunspl i t ( ) method isinvoked, and calling get Ti me( ) returnsthree seconds. Figure 1-1 shows a
timeline for this example.

Figure 1-1. Timeline of StopWatch.split() and unsplit()

Example 1-21. Using the StopWatch.split() and StopWatch.unsplit( ) methods

i nport org. apache. conmons. | ang. ti nme. St opWat ch;

Systemout.println( "Testing the split( ) nethod." );

clock.reset( );

clock.start( );

try { Thread. sl eep(1000); } catch( Exception e ) {}

clock.split( );

Systemout.println( "Split Time after 1 sec: " + clock.getTine( ) );
try { Thread. sl eep(1000); } catch( Exception e ) {}
Systemout.println( "Split Time after 2 sec: " + clock.getTine( ) );
clock.unsplit( );

try { Thread. sl eep(1000); } catch( Exception e ) {}
Systemout.println( "Tinme after 3 sec: " + clock.getTime( ) );

This example produces the following output, which shows that a split at one second resulted in 1001 being returned by the
St opWat ch after two seconds:

Split Time after 1 sec: 1001
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Split Time after 2 sec: 1001
Time after 3 sec: 3004

The same requirements are easily fulfilled without the use of the St opwat ch class. A program can measure time by calling
Systemcurrent TineM | i s( ) and subtracting the time after a section of code from atime measured before that same
section of code; this yields the number of milliseconds elapsed. But the real benefit of using this little Commons Lang
utility isto the readability and maintainability of a system. Writing good code is similar to writing a well-written essay,
and st opwat ch isaclear and concise noun that conveys direct meaning; it is atangible analogy to afamiliar object. In the
previous example, the execution time of ablock of code was obtained without adding clutter. Statements like
clock.start( ) andcl ock. stop() are more apparent than| ong timel = SystemcurrentTimeM I lis( ) andl ong
time2 = SystemcurrentTimeM I lis( ).And, for the samereasons, cl ock. get Ti me() conveys astronger message than
long timeEl apsed = tinme2- tinel.
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Chapter 2. Manipulating Text

2.1. Introduction

Parsing text fell out of fashion when Extensible Markup Language (XML) came to town. Java's text manipulation
capabilities have only recently received some badly overdue attention, with the addition of regular expressions and
numerous improvementsin Java 1.5. Despite the improvements, using Java to manipulate plain text can inspire
frustration. Hand a devel oper a fixed-length text file format to parse, and you will hear the groans—"Why can't we use
something ‘modern’ like XML? | don't want to parse text." And while parsing and manipulating text may not build you a
sexy resume, thereis still a need to work with text in any program. For every snazzy XML file format, there isawidely
accepted text file format with fixed-length fields; and for every XML web service, a vendor sends a proprietary feed that
must be parsed character by character. Text manipulation is a must, but the Java 2 Standard Edition (J2SE) leaves

devel opers wanting for more convenient ways to sice, dice, chomp, and manipulate text. This chapter introduces some
simple utilities, which fill afew of Java's many gaps.

The recipesin this chapter deal with a collection of static methods on two classesin Commons Lang—st ri nguti | s and
worduti | s. Some of the methodson st ringlti | s have been made obsolete by changes introduced in Java 1.4 and Java
1.5, but, regardless, there are times when you will want to split a string without regular expressions. Using

StringUtils. chonp( ) achieves more readable logic than writing the equivalent logic usingthe st ri ng. i ndexof () and
String. substring() methods. These recipeswill not change the basic architecture of a system with new, groundbreaking
technology, but they are valuable "shortcuts' whose benefits will add up over time. Simple solutions to common tasks will
save minutes of coding and hours of maintenance in the long run. Over time, many grow so accustomed to the efficiencies
gained with Commons Lang, they consider it an indispensable supplement to the Java language.

Read the recipesin this chapter, and take some time to read the Javadoc for Stri nguti | s and Wrduti | s. These utility
classes provide some common string operations missing in Java, and they are smple and well-documented. These utilities
are so simple that, throughout this chapter, you will notice recipes without a Discussion or See Also section—it's just not
needed! These simple recipes have relevanceto all skill levels; even if you are an experienced developer, you may be
surprised at what Commons Lang string manipulation has to offer.

2.1. Setting Up StringUtils and WordUtils

2.1.1. Problem

Y ou want the ability touse st ri ngUti | s and Wor dut i | s to manipulate text.

2.1.2. Solution
To download the latest version of Commons Lang, refer to the steps outlined in Recipe 1.1.

2.1.3. Discussion

This chapter focuses on a very small subset of the Commons Lang project—st ri ngUti | s andwrdutil's. To use either
StringUtils orwrdUils inadavaclass, add the following lines to your import statements:

i mport org.apache. commons. | ang. Stri ngUtils;
i nport org.apache. commons. | ang. WorduUti | s;
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Recipesthat use stringUti | s andwrduti |'s inthis chapter will omit these import statements in code fragments. When
StringUils orwrdutils appearsin an example, assume that it has already been imported.

2.2. Checking for an Empty String

2.2.1. Problem
Y ou need to test for an empty or nul I string.

2.2.2. Solution

UsestringUtils.isBl ank() . Thismethod will return trueif it is supplied with an empty, zero length, or
whitespace-only string. This method gracefully handlesanul I input by returning true. The following example
demonstratesi sBl ank( ) with four strings:

String test = "";
String test2 = "\n\n\t";
String test3 = null;
String test4 = "Test";

Systemout.println( "test blank? " + StringUils.isBlank( test ) );

Systemout.println( "test2 blank? " + StringUtils.isBlank( test2 ) );
Systemout.printin( "test3 blank? " + StringUtils.isBlank( test3 ) );
Systemout.println( "test4 blank? " + StringUtils.isBlank( testd4 ) )

All four strings are tested, and the following output is produced:

test bl ank? true

test2 bl ank? true
test3 bl ank? true
test4 bl ank? fal se

2.2.3. Discussion

Checking for nonblank stringsisjust aseasy; StringUtil s. i sNot Bl ank( ) will return the compliment of i sBl ank( ). If
astring is empty, contains only whitespace, or isnul | ,the StringUtils. i sNot Bl ank( ) method will return false. This
method comes in handy when a process expects a certain string to have content, and it gracefully handlesanul | input by
returning false:

String test = "\t\t";

String test2 = "Test";

Systemout.println( "test is not blank? " + StringUtils.isNotBlank( test ) );
Systemout.println( "test2 is not blank? " + StringUils.isNotBlank( test2 ) );

This produces the following output, which shows that a string containing only whitespace is considered blank:

test is not blank? fal se
test2 is not blank? true

Another method to test for an empty string isto "trim" astring to nul | if it contains only whitespace, and then test to see
if thetrimmed resultisnul | . UseStringUtils. trinmToNul | () totransform empty stringsto nul | . This method handles
anul | parameter value by returning nul | .
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String testl = "\t"

String test2 = "Test";

String test3 = null

Systemout.println( "testl trinmToNull: " + StringUtils.trinfloNull( testl ) );
Systemout.println( "test2 trimroNull: " + StringUtils.trinfloNull( test2 ) );
Systemout.println( "test3 trimroNull: " + StringUtils.trinToNull( test3 ) );

This produces the following output, which shows that a string containing only whitespace is trimmed to nul | :

testl trinloNull: nul
test2 trinfloNull: Test
test3 trinloNull: nul

These three methods are laughably simple, but they will serve to reduce the amount of complexity in a system that needs
to test strings. Use the methods from this recipe to avoid writing code to test for anul |, and check the length of a string:

if( variable !'= null &&
variable.length( ) > 0 &&
Ivariable.trin( ).equals("") ) {
/1 Do sonething

}

The code above can be rewritten withone call to StringUti | s. i sNot Bl ank( ):

if( StringUtils.isNotBlank( variable ) ) {
/1 Do sonething

}

It isgood practice to avoid using nul I whenever possible; code that usesnul | to signify emptiness or an error condition is
harder to maintain and more likely to throw a nasty Nul | Poi nt er Except i on. Worse yet are methods that return anul |
whenever a problem occurs or an exception isthrown. Whilet ri mroNul I () can accomplish the goal, it doesincrease the
occurrence of nul | sin code; usei sBl ank( ) andi sNot Bl ank( ) to excise dangerousnul | sfrom your code.

2.3. Abbreviating Strings

2.3.1. Problem

Y ou want to abbreviate a string.

2.3.2. Solution

UsestringUtils. abbreviate() . Supply the string to abbreviate, and the maximum allowed length for the abbreviation.
The following example will abbreviate the supplied text messages to 10 characters:

String test = "This is a test of the abbreviation."
String test2 = "Test"

Systemout.println( StringUtils.abbreviate( test, 10 ) );
Systemout.println( StringUtils.abbreviate( test2, 10 ) );

Here isthe output of two string abbreviations:

This is...
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Test

2.3.3. Discussion

StringUtils. abbreviate( ) takesastring and abbreviatesit, if necessary. When abbreviating to 20 characters, if the
text isless than 20 characters, the method simply returns the original text. If the text is greater than 20 characters, the
method displays 17 characters followed by three ellipses. Abbreviating a piece of text to 20 characters guarantees that the
text will occupy 20 characters or less:

String nessage = "Wo do you think you are?";

String abbrev = StringUtils. abbrevi ate( nessage, 20 );
String nessage2 = "Testing";

String abbrev2 = StringUils. abbreviate( nmessage, 40 );
Systemout.println( "Subject: " + nessage );
Systemout.println( "Subject2: " + nmessages?);

This simple exampl e abbreviates the first message variable, nessage, to "Who do you think...?" The second message
variable, nessage2, is not affected by the abbreviation because it is less than 40 characters long; abbr ev2 will equal the
contents of nessage2.

StringUtils. abbreviate( ) canalso abbreviate text at an offset within a string. If you are writing an application that
searches for a given word and prints that word out in context, you can usethe StringUti | s. abbrevi ate( ) method to
print the context in which aword appears:

String nessage = "There was a pal pabl e sense that the rest of the world " +
"m ght, one day, cease to exist. In the mdst of the " +
"confusion - the absence of firmground - sonething would " +

"fail to recover. The whole city is still, in a way, " +
"holding it's breath, hoping the the worst has cone and " +
"gone. ",

i nt index = nessage. i ndexOr( "ground" );

int offset = index - 20;

int width = 20 + nessage. |l ength( );
String context = StringUtils. abbrevi at e(nmessage, offset, w dth);
Systemout.println( "The word 'ground' in context: " + context );

The output of this exampleis:

The word 'ground' in context: ... absence of firmground, sonething would..

This code attempts to locate "ground.” Once the index of the word has been located, an offset abbreviation is used to show
the context of theword. The of f set parameter tellsstringUtils. abbrevi ate( ) to start at aspecific index in the string.

Once theindex of "ground" has been found, an offset and awidth are computed to print 20 characters before and after the
word "ground.”

If an offset isless than four, output will start from the beginning of a string. If the offset is greater than four, the first three
characters will be ellipses.

Warning
If awidth less than four is specified, abbr evi at e() will throw an111 egal Ar gument Except i on. A width less
than four does not give the abbr evi at e( ) method enough room to print ellipses and content.
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2.4. Splitting a String

2.4.1. Problem

Y ou want to split a string on a number of different character delimiters.

2.4.2. Solution

UsestringUils.split() ,andsupply aseriesof charactersto split upon. The following example demonstrates splitting
strings of a comma and a space:

i mport org.apache. conmons. | ang. ArrayUtils;
String input = "Frantically obl ong";
String input2 = "Pharmacy, basketball, funky";

String[] arrayl = StringUils.split( input, " ,", 2 );
String[] array2 = StringUtils.split( input2, " ,", 2);
Systemout.println( ArrayUtils.toString( arrayl ) );
Systemout.println( ArrayUtils.toString( array2 ) );

This produces the output:

{ "Frantically", "oblong" }
{ "Pharnmacy", "basketball" }

2.4.3. Discussion

Thestringutils.split( ) function does not return empty strings for adjacent delimiters. A number of different
delimiters can be specified by passing in a string with a space and acomma. This last example limited the number of
tokens returned by split with athird parameter to Stri ngUti I s. split(). Theinput 2 variable contains three possible
tokens, but the split function only returns an array of two elements.

The most recent version of J2SE 1.4 hasast ri ng. split () method, but the lack of split( ) in previousversionswasan
annoyance. To split astring in the old days, one had to instantiate a St ri ngTokeni zer, and iterate through an

Enuner at i on to get the components of a delimited string. Anyone who has programmed in Perl and then had to use the
StringTokeni zer classwill tell you that programming without split ( ) istime consuming and frustrating. If you are
stuck with an older Java Development Kit (JDK), stringUti | s adds a split function that returns an j ect array. Keep
thisin mind when you question the need for Stri ngUti I s. split () ; there are still applications and platforms that do not
have a stable 1.4 virtual machine.

The J2SE 1.4 string classhasaspl i t () method, but it takes aregular expression. Regular expressions are exceedingly
powerful tools, but, for some tasks, regular expressions are needlessly complex. One regular expression to match either a
space character or acommacharacter is[* ' ', '1.1'm sure there are athousand other ways to match a space or acomma
in aregular expression, but, in this example, you simply want to split a string on one of two characters:

String test = "One, Two Three, Four Five";
String[] tokens = test.split( "“[" "","']" );
Systemout.println( ArrayUtils.toString( tokens );

This example prints out the tokens array:
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{ "One", "", "Two", "Three", "", "Four", "Five" }

The array the previous example returns has blanks; the st ri ng. spli t ( ) method returns empty strings for adjacent
delimiters. This example also uses arather ugly regular expression involving brackets and single quotes. Don't get me
wrong, regular expressions are awelcome addition in Java 1.4, but the same requirements can be satisfied using
StringUtils.split(" .")—asimpler way to split a piece of text.

2.4.4. See Also

Notetheuseof ArrayUtils.toString( ) inthe solution section. See Chapter 1 for more information about ArrayUt il s
in Commons Lang.

2.5. Finding Nested Strings

2.5.1. Problem
Y ou want to locate strings nested within other strings.

2.5.2. Solution

UsestringUtils. substringBet ween( ). Thismethod will return a string surrounded by two strings, which are supplied
as parameters. The following example demonstrates the use of this method to extract content from HTML :

String htm Content = "<htm >\ n" +
<head>\n" +
<title>Test Page</title>\n" +
</ head>\n" +
<body>\n" +
<p>This is a TEST!</p>\n" +
</ body>\n" +
"</htm >";
[/l Extract the title fromthis XHTM. content
String title = StringUtils.substringBetween(htm Content, "<title>",
"<[title>");
Systemout.println( "Title: " + title );

This code extracts the title from thisHTML document and prints the following:

Title: Test Page

2.5.3. Discussion

In the Solution section, the subst ri ngBet ween() method returns the first string between the open and ¢l ose strings—the
title of an HTML document. The previous example only contained one nested element, but what happens when a string
contains multiple elements nested in the same two strings? In the following example, three variables are extracted from a
string using subst ri ngBet ween( ) :

String variables = "{45}, {35}, {120}" ;
Li st nunbers = new ArraylList( );
String variabl esTenp = vari abl es;
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while( StringUtils.substringBetween( variablesTenp, "{", "}" ) !=null )
String nunberStr = StringUils.substringBetween( variables, "{", "}" );

Doubl e nunber = new Doubl e( nunber Str );

nunbers. add( nunber );

vari abl esTenp = vari abl esTenp. substring( vari abl esTenp. i ndexOf (",") );

}
double sum= StatUtil.sum ArrayUils.toPrimtive( nunbers.toArray( ) ) );
Systemout.println( "Variables: " + variables + ", Sum " + sum);

The output of this exampleis:

Variabl e: {45}, {35}, {120}, Sum 200

After each number is extracted from the curly braces, the system finds the index of the next comma and reduces the size
of the string to search for the next call to St ri ngUti | s.

StringUtils. substringBetween( ) canalso find text that is delimited by the same character:

String nmessage = "| TESTI NG BOUNDARYExanpl eBOUNDARY" ;
String first = StringUtils.substringBetween( nessage, "|");
String second = StringUtils.substringBetween( nmessage, "BOUNDARY");

Thefirst string would return "TESTING" as it is between the | characters, and the second string would contain
"Example."

2.6. Stripping and Trimming a String

2.6.1. Problem
Y ou need to strip or trim a string of extraneous whitespace, control characters, or other specified characters.

2.6.2. Solution
StringWils.trin() takesastring and removes every whitespace and control character from the beginning and the end:

String testl
String test2

" \a\r Testing 1 2 3 ";
"“\r\n "

String trinfestl StringUtils.trim testl );
String trinTest?2 StringUtils.trinToNull( test2 );
Systemout.println( trinfTestl );
Systemour.println( trinlest2 );

This code produces the following result. Thet est 1 variable is trimmed of leading and trailing whitespace, and thet est 2
variableistrimmed to nul | :

Testing 1 2 3
nul |

2.6.3. Discussion
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A control character isdefined asall characters below 32 on the ASCII table—everything from o (NuL) t0 31 (uni t

separator).StringUils.trin( ) delegatestothetrin( ) functionon string and gracefully handles nul | . When you
passanul | toStringUtils.trinm( ),itreturnsanul I .

2.6.3.1. Stripping a string

If astring contains leading and trailing characters to be removed, you can removethemwith StringUtils. strip( ). The
strip( ) method differsfromtrim ) inthat you can specify a set of charactersto strip from the beginning and end of a
string. In this example, dashes and asterisks are stripped from the start and end of a string:

String original = "------- *kk . GHAZAM - - - FF R oo "
String stripped = StringUils.strip( original, "-*" );
Systemout.println( "Stripped: " + stripped )

This produces the following output:

Stripped: SHAZAM

2.6.3.2. Trimming to null
UsetrinloNul | ( ) totestif agiven parameter is present. Take the following servlet code as an example:

public void doGet (HttpServl et Request request, HttpServl et Response response)
t hrows | OException, ServletException {
String conpanyNane =
StringUtils.trinfloNull ( request.get Paramneter ("conpanyNanme") );
i f( companyNane != null ) {
response.getWiter( ).wite( "You supplied a conpany nane!" );
}

}

Using stringUti | s reduces code complexity incrementally—four or five lines of code at atime. Testing for the absence
or emptiness of astring usually entails checking to seeif astring isempty or of zero length, and because a string could be
nul |, you always need to check for nul I to avoid throwing aNul | Poi nt er Except i on. In thislast example, empty hasthe
same meaning asnul | —the stringUtils. trimroNul | ( ) method takes a string as a parameter, and if itisnul | or empty,
the method returnsanul | .

2.7. Chomping a String

2.7.1. Problem
Y ou heed to remove atrailing newline or carriage return from a string.

2.7.2. Solution
UsestringUtils. chonp( ) toremove the last line termination sequence from a string:

String input = "Hello\n";

String chonmped = StringWils.chonp( input );
/1 chonmped equals "Hell o"

String input2 = "Another test\r\n";

String chonmped2 = StringUils.chonp( input2 );
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/1 chonped2 equal s "Anot her test";

2.8. Creating an Emphasized Header

2.8.1. Problem
Y ou would like to print an attention-grabbing header.

2.8.2. Solution

Combine the powersof StringUtils.repeat() ,StringUils.center( ),andStringUils.join( ) tocreateatextual
header. The following example demonstrates the use of these three methods to create a header:

public String createHeader( String title ) {
int width = 30;
/l Construct heading using StringUtils: repeat( ), center( ), and join( )
String stars = StringUtils.repeat( "*", wdth);
String centered = StringUtils.center( title, width, "*" );
String heading =
StringUtils.join(new Cbject[]{stars, centered, stars}, "\n");
return headi ng;

}

Here's the output of cr eat eHeader (" TEST") :

EE R R I I I O R R
*kkkkkhkkkhkkhkxkx TEST *kkkkkhkkkhkkhkxkx

R R I I R I I R I I

2.8.3. Discussion

Intheexample, StringUtils. repeat () createsthetop and bottom rowswith StringUtils. repeat ("*", 30), creating
astring with 30 consecutive * characters. Calling StringUtils. center(title, width, "**) createsamiddlelinewith
the header title centered and surrounded by * characters. stringUtils.joi n() joinsthe linestogether with the newline
characters, and out pops a header.

2.9. Reversing a String

2.9.1. Problem
Y ou heed to reverse a string.

2.9.2. Solution

UsestringUils.reverse( ).Supply astring parameter to this method, and it will return areversed copy. The following
example reverses two strings:
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String original = "In time, | grewtired of his babbling nonsense.";
String reverse = StringUils.reverse( original );

String original Genes = " AACGTCCCTTGGITTCCCAAAGTTTCCCTTTGAAATATATGCCCGCG' ;
String reverseCGenes = StringUils.reverse( original Genes );

Systemout.println( "Original: " + original );
Systemout.println( "Reverse: " + reverse );
Systemout.printin( "\n\nOiginal: " + original Genes );
Systemout.println( "Reverse: " + reverseCGenes );

The output contains a reversed string along with an original string:

Oiginal: Intime, | grewtired of his babbling nonsense.
Reverse: .esnesnon gnil bbab sih fo derit werg | ,emt nl
Origi nal : AACGTCCCTTGGITTCCCAAAGT TTCCCTTTGAAATATATGCCCGCG
Rever se: GCGCCCGTATATAAAGITTCCCTTTGAAACCCTTTGGT TCCCTGCAA

2.9.3. Discussion

Reversing a st ri ng is easy, but how would you rearrange the words in asentence? Stri ngUti | s. rever seDel i nmited( )
can reverse astring of tokens delimited by a character, and a sentence is nothing more than a series of tokens separated by
whitespace and punctuation. To reverse a simple sentence, chop off the final punctuation mark, and then reverse the order
of words delimited by spaces. The following example reverses an unrealistically simple English sentence:

public Sentence reverseSentence(String sentence) {
String reversed = StringUils.chonp( sentence, "." );
reversed = StringUtils.reverseDelimted( reversed, ' ' );
reversed = reversed + ".";
return reversed;

}

String sentence = "I am Susan."
String reversed = reverseSent ence( sentence ) );
System out. println( sentence );
Systemout.println( reversed );

The sentenceis reversed and printed alongside the original:

| am Susan.
Susan am | .

Here, the order of the characters within each delimited token is preserved. Notice that this example includes
StringUtils. chonp( ) with two parameters, the last specifying the character to chomp from the string. Instead of
chomping a newline, in this example, the period is chomped off of the sentence before performing the delimited reversal.

2.10. Wrapping Words

2.10.1. Problem
Y ou want to wrap lines of text using different line widths and various line termination sequences.
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2.10.2. Solution

Useworduti | s towrap words. Supply the number of columns and aline termination string, and ver dut i | s will wrap text.
The following example wraps a small string to 20 columns:

/1 Define original String
String nessage = "One Two Three Four Five";
/[l Wap the text.
String wappedString =
WrdUtils. wapText( nessage, 20, "\n", false );
System out. println( "Wapped Message:\n\n" + w appedString );

This produces the following output:

W apped Message:
One Two Three Four
Five

2.10.3. Discussion

When wer duti | s wrapsastring, it takes a user-supplied line termination sequence like\ n or \ r\ n and insertsthisline
termination sequence after a specified number of characters, without splitting aword. In the next example, if the user is
using a hand-held device, the number of columnsin the display is 40, and anew lineis represented by the sequence\ r\ n.
On aworkstation, the number of available columnsis 80, and anew lineisasingle\ n character. The platform is available
as the System property appl i cati on. pl at f or m

String nessage = "Four score and seven years ago, our fathers " +
"brought forth upon this continent a new nation: " +
"conceived in |iberty, and dedicated to the proposition " +
“"that all nmen are created equal. ";

/! Define variables to hold two paraneters to word w appi ng

int cols;

String |ineSeparator = "";

/! Retrieve the platformproperty from System

String platform = System get Property("application.platform);

i f( platformequal s( "Handheld" ) ) {

col s = 40;
i neSeparator = "\r\n";
} else if( platformequal s( "Wdrkstation" ) {
col s = 80;
i neSeparator = "\n";

}
/1l Wap the text.

String w appedString =
WrdUtils. wapText( nessage, cols, lineSeparator, true );

Depending on the platform, the wr appedst r i ng variable now holds the initial paragraph of the Gettysburg Address
wrapped to fit either a 40-column handheld device or an application running on a workstation with an 80-column display.

To wrap text for presentation on the Web, use the line termination sequence <br/ > to add an HMTL line break. The
following example wraps text with <br/ >, and introduces an option to prevent wr dut i | s from wrapping larger words:

String nessage = "Four score and seven years ago, our fathers " +
"brought forth upon this continent a new nation: conceived " +
"in liberty, and dedicated to the proposition that all nen " +
"are created equal. http://ww.oreilly.com Gettysburg ";
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/[l Wap the text.
String wappedString = WrdUtils.wap( nessage, 40, "<br/>", false );

In this example, the Gettysburg Address is formatted to fit into 40 columnsin an HTML document. The final parameter to
theworduti | s. wrap( ) method tells the wrapping algorithm not to bother wrapping large words, such as the long URL at
the end of the text. Wrapping a long word would prevent people from being able to copy this URL correctly.

2.11. Testing the Contents of a String

2.11.1. Problem
Y ou need to make sure a string contains only numbers, letters, or a combination of both.

2.11.2. Solution

Usethevarious StringUti | s methods to validate user input; i sNuneric( ) ,isAl pha() ,isAl phanureric() , and
i sAl phaSpace() verify that a string does not contain any undesired characters:

String state = "Virginia"

Systemour.println( "lIs state nunber? " +
StringUtils.isNuneric( state ) );

Systemour.println( "lIs state al pha? " +
StringUils.isA pha( state ) );

Systemour.println( "lIs state al phanuneric? " +
StringUtils.isA phanuneric( state ) );

Systemour.println( "Is state al phaspace? " +
StringUtils.isAl phaspace( state ) );

This code tests the string "Virginid" against four validation methods, producing the following output:

Is state a nunber? fal se

Is state al pha? true

Is state al phanuneric? true
Is state al phaspace? true

2.11.3. Discussion

StringUtils.isNuneric( ) returnstrueif the string being tested contains only digits from 0 to 9. If you are asking a user
to input a numerical value, such as year or age, you need to have away to ensure that the input supplied is, in fact, a
numeric vaue:

String testl = "1976";

String test2 "Mozart";
bool ean tlval = StringUtils.isNumeric( testl );
bool ean t2val = StringUtils.isNunmeric( test2 );

Systemout.println( "Is " + testl + " a nunber? " + tlval );
Systemout.printin( "Is " + test2 + " a nunber? " + t2val );

This code tests two strings and produces the following output:

Is 1976 a nunber? true
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Is Mozart a nunber? fal se

Y ou can use the following code to see if a string contains only letters or a combination of letters and numbers:

String testl = " ORANGE";
String test2 = "| CE9";
String test3 = "I CE CREAM';

String test4
bool ean tilval =
bool ean t2val =
bool ean t3val =
bool ean t4val =

StringUtils.

"820B Judson Avenue";

StringUtils.isAl pha( testl ); // returns true
StringUtils.isA phanuneric( test2 ); // returns true
StringUtils.isA phaSpace( test3 ); // returns true

i sAl phanuneri cSpace( test4 ); // returns true

User supplied input can rarely be trusted. If you have asked the user to supply an age, ayear, or aday of the week, you
will need to then validate that input. Or, if you have asked the user to type in a name, you will want to make sure that the
supplied name contains only letters and acceptable punctuation. An application with inadequate input validation will
frequently fail, and produce unsightly stack traces caused by either Nunber For mat Except i onSOr Nul | Poi nt er Except i onS.
An application should be able to gracefully handle the most honsensical input without missing a beat, and prompt the user
for avalid input. Tools such as Commons Validator provide aframework to validate the contents of a JavaBean, but at a
much lower level, the st ringUti | s classin Commons Lang provides some useful utilities for examining the contents of a
string.

Input forms frequently need to validate a user's name. In this case, it isimportant to remember that certain names have
apostrophes and dashes. If you are validating a name, always make sure that you allow for names with punctuation. Here
is an example that validates a name with a dash, an apostrophe, and a period:

String nanel = "TimOReilly";

String nane2 = "M . Mason-Di xon!";

String punctuation = ".-'";

String nanelTenp = StringUils.replaceChars( nanel, punctuation, "");
String nane2Tenp = StringUils.replaceChars( nanel, punctuation, "");
bool ean t 1val StringUtils.isAl pha( nanelTenp ); // returns true
bool ean t 2val StringUtils.isA pha( name2Tenp ); // returns fal se

"Tim O'Reilly" isavalid name, but you need to usethe StringUtil s. repl aceChars( ) method to throw out punctuation
before you can pass both of the namestothe stringutils. i sAl pha( ) method. "Mr. Mason-Dixon!" is not avalid name,
because an exclamation point is not on the list of valid name punctuation. As an Irishman, | encourage you to always
check your name validation with names like "O'Toole" or "O'Brien," and, as the world continues to shrink, more
exceptionsto therule, like "Al-Saud,” will become more preva ent; your system should not force someone to change their
name. Speaking from personal experience, it isinsulting when aweb site or an application forces you to change your
name, and it is a quick way to alienate your customers. | cannot begin to tell you how many web sites have shown me a
nasty Open Database Connectivity (ODBC) error page or stack trace after |'ve told them my last name—it is frustrating.

2.12. Measuring the Frequency of a String

2.12.1. Problem
Y ou need to find out how many times a certain word or piece of text occursin astring.
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2.12.2. Solution

StringUtils. count Mat ches() returnsthe frequency of apiece of text within another string:

File manuscriptFile = new Fil e("manuscript.txt");

Reader reader = new Fil eReader( manuscriptFile );

StringWiter stringWiter = new StringWiter( );

while( reader.ready( ) ) { witer.wite( reader.read( ) ); }

String manuscript = stringWiter.toString( );

[/l Convert string to | owercase

manuscript = StringUtils.|owerCase(manuscript);

/1 count the occurrences of "futility"

int nunfFutility = StringUtils.countMatches( manuscript, "futility" );

Converting the entire string to lowercase ensures that all occurrences of the word "futility" are counted, regardless of
capitalization. This code executes and nunfuti I i ty will contain the number of occurrences of the word "futility."

2.12.3. Discussion

If themanuscri pt. txt fileislarge, it makes more sense to search thisfile one line at atime, and sum the number of
matches as each line isread. A more efficient implementation of the previous example would look like this:

File manuscriptFile = new Fil e("manuscript.txt");

Reader reader = new Fil eReader( manuscriptFile );

Li neNunber Reader | i neReader = new Li neNunber Reader ( reader );

i nt numOccurences = O;

whil e( lineReader.ready( ) ) {
String line = StringWils.|owerCase( |ineReader.readLine( ) );
nunOccur ences += StringUils.countMatches( , "futility" );

}

Y our random access memory will thank you for this implementation. Java programmers are often lulled into a sense of
false security knowing that they do not have to worry about memory management. Poor design decisions and inefficient
implementation often lead to slow running or hard-to-scale applications. Just because you don't have to allocate and
deallocate memory does not mean that you should stop thinking about efficient memory use. If you are trying to search for
the frequency of aword in a 20 megabyte file, please try not to read the entire file into memory before searching.
Performing alinear search on alarge string is an inappropriate way to search alarge database of documents. When
searching large amounts of text, it is more efficient to create an index of terms than to perform alinear search over alarge
string. A method for indexing and searching documents using Apache L ucene and Commons Digester will be discussed in
alater chapter.

2.12.4. See Also

Chapter 12 contains a number of recipes devoted to searching and filtering content. If you are creating a system that needs
to search alarge collection of documents, consider using Apache Lucene (http://lucene.apache.org/) to index your content.

2.13. Parsing Formatted Strings

2.13.1. Problem

Y ou need to parse a string containing control characters and the delimiters(,[,),],and,.
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2.13.2. Solution

Usevariations of substring() from StringUtils. Thisnext example parses astring that contains five numbers delimited
by parentheses, brackets, and a pipe symbol (No * (N1,N2) [N3,N4] | Ns):

String formatted = " 25 * (30,40) [50,60] | 30"
PrintWiter out = System out;
out.print("N0o: " + Str|ngUt|Is substringBeforeLast( formatted, "*" ) );

out.print(", NL: + StringUtils.substringBetween( formatted, "(", "," ) );
out.print(", N2: + StringUils. substringBetween( formatted, ")) );
out.print(", N3: + StringUtils.substringBetween( formatted, "[", "," ) );
out.print(", N4: + StringWils.substringBetween( formatted, ",", "]1" ) );
out.print(", N5: + StringUtils.substringAfterLast( formatted, "|" ) );

This parses the formatted text and prints the following output:

NO: 25, NI1: 30, N2: 40, N3: 50, N4: 60, N5: 30

2.13.3. Discussion
The following public static methods come in handy when trying to extract information from a formatted string:

StringUtils. substringBetween( )
Captures content between two strings

StringUtils.substringAfter( )
Captures content that occurs after the specified string

StringUtils.substringBefore( )
Captures content that occurs before a specified string

StringUtils.substringBeforeLast( )
Captures content after the last occurrence of a specified string

StringUtils.substringAfterLast( )
Captures content before the last occurrence of a specified string
Toillustrate the use of these methods, here is an example of afeed of sports scores. Each record in the feed has a defined
format, which resembles this feed description:

\ (SOT) <sport >[ <t eanml>, <t eanR>] (<scorel>, <score2>)\ ( ETX)
Not es:

\(SOT) is ASCI| character 2 "Start of Text",

\(ETX) is ASCI| character 4 "End of Transm ssion".
Exanpl e:

\ (SOT) Basebal | [ BOS, SEA] (24, 22)\ (ETX)

\ (SOT) Basket bal | [ CHI , NYC] (29, 5)\ (ETX)

The following example parses thisfeed using St ri nguti | s methodstrinm( ), substri ngBet ween( ), and
substringBefore( ). TheboxScore variable holds atest string to parse, and, once parsed, this code prints out the game
score:

/l Create a formatted string to parse - get this froma feed
char SOT = '\u0002';
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char ETX = '\u0004';

String boxScore = SOT + "Basketbal | [ CH , BOS] (69, 75)\r\n" + ETX;
/1 Get rid of the archaic control characters

boxScore = StringUtils.trim boxScore );

/| Parse the score into conponent parts

String sport StringUtils.substringBefore( boxScore, "[" );

String teamlL = StringUils.substringBetween( boxScore, "[", "," );
String tean? = StringUtils.substringBetween( boxScore, ",", "1" );
String scorel = StringUtils.substringBetween( boxScore, "(", "," );
String score2 = StringUtils. substringBetween( boxScore, ",", ")" );

PrintWiter out = System out

out.println( "**** " + sport + Score" );
out.println( "\t" + teaml + "\t" + scorel );
out.println( "\t" + tean2 + "\t" + score2 );

This code parses a score, and prints the following output:

**** Basket bal |
CH 69
BOS 75

In the previous example, SstringUtils.trim ) ridsthetext of the sor and ETX control characters.
StringUtils. substringBefore( ) thenreadsthe sport name—"Basketball"—and subst ri ngBet ween( ) isusedto
retrieve the teams and scores.

At first glance, the value of these substri ng( ) variationsisnot obvious. The previous example parsed this simple
formatted string using three static methodson st ri ngUti | s, but how difficult would it have been to implement this
parsing without the aid of Commons Lang? The following example parses the same string using only methods available in
the Java 1.4 J2SE:

/1l Find the sport nane wi thout using StringUtils
boxScore = boxScore.trin( );

int firstBracket = boxScore.indexOF( "[" );
String sport = boxScore.substring( 0, firstBracket );
int firstComma = boxScore.indexOf( "," );

String teaml = boxScore.substring( firstBracket + 1, firstComm );

i nt secondBracket = boxScore.indexOr( "]1" );

String team2 = boxScore. substring( firstComma + 1, secondBracket );
int firstParen = boxScore.indexOr( "(" );

i nt secondConma = boxScore.indexOf( ",", firstParen );

String scorel = boxScore.substring( firstParen + 1, secondComma );

i nt secondParen = boxScore.indexOr( ")" );

String score2 = boxScore. substring( secondCorma + 1, secondParen );

This parses the string in a similar number of lines, but the code is less straightforward and much more difficult to
maintain. Instead of simply calling asubst ri ngBet ween( ) method, the previous examplecallsStri ng. i ndext () and
performs arithmetic with an index while calling st ri ng. subst ri ng( ). Additionally, the substri ng( ) methodson
StringUtils arenul | -safe; the Java 1.4 example could throw aNul | Poi nt er Except i on if boxScore wasnul | .

String.trin( ) hasthesamebehavior asstringUtils.trin( ), stripping the string of al whitespace and ASCII control
characters. StringUtils.trin() issimply awrapper forthestring. trin( ) method, butthestringUils.trin( )
method can gracefully handle anul | input. If anul | valueispassedtoStringUtils.trin(), anull valueisreturned.

2.14. Calculating String Difference
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2.14.1. Problem

Y our application needs to compare two strings and print out the difference.

2.14.2. Solution

UseStringUils.difference( ),StringUils.indexCfDifference( ),andStringUtils. getlLevenshtei nDi stance(
).StringUtils.difference( ) printsout the difference between two strings, StringUti | s.i ndexOfDi fference( )
returns the index at which two strings begin to differ, and Stri ngUti | s. get Levensht ei nDi st ance( ) returnsthe "edit
distance" between two strings. The following example demonstrates all three of these methods:

int dist = StringUtils.getlLevenshteinDi stance( "Wrd", "Wrld" );
String diff = StringUWils.difference( "Wrd", "Wrld" );

int index = StringUils.indexODi fference( "Word", "World" );
Systemout.println( "Edit D stance: " + dist );
Systemout.println( "Difference: " + diff );

Systemout.println( "Diff Index: " + index );

This code compares the strings "Word" and "World," producing the following outpult:

Edit Di stance: 2
Difference: |d
Diff Index: 3

2.14.3. Discussion

StringUtils. difference() returnsthe difference between two strings, returning the portion of the second string, which
startsto differ from thefirst. stringUtils. i ndexOfDi fference() returnstheindex at which the second string startsto
diverge from the first. The difference between "ABC" and "ABE" is"E," and the index of the differenceis 2. Here'sa
more complex example:

String a = "Strategy";

String b = "Strategic";

String difference = StringUils.difference( a, b );

int differencelndex = StringUils.indexODifference( a, b );

Systemout.println( "difference(Strategy, Strategic) =" +
di fference );
Systemout.println( "index(Strategy, Strategic) = " +

di f ferencel ndex );
a "The Secretary of the UN is Kofi Annan."
b "The Secretary of State is Colin Powell."
difference = StringUtils.difference( a, b );
di fferencelndex = StringUtils.indexOhrDifference( a, b );

Systemout.println( "difference(..., ...) =" +
di fference );
Systemout.println( "index(..., ...) =" +

di fferencel ndex );

This produces the following output, showing the differences between two strings:

di fference(Strategy, Strategic) = ic

i ndex(Strategy, Strategic) =7
difference(...,...) = State is Colin Powell.
index(...,... ) = 17
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The Levenshtein distance is calculated as the number of insertions, deletions, and replacements it takes to get from one
string to another. The distance between "Boat" and "Coat" is a one letter replacement, and the distance between
"Remember" and "Alamo" is 8—five letter replacements and three deletions. Levenshtein distance is also known as the
edi t di stance, whichisthe number of changes one needs to make to a string to get from string A to string B. The
following example demonstrates the get Levensht ei nDi st ance( ) method:

int distancel =

StringUtils. getLevenshtei nDi stance( "Boat", "Coat" );
int distance2 =

StringUtils. getLevenshtei nDi stance( "Remenber”, "Al am" );
int distance3 =

StringUtils. getLevenshtei nDi stance( "Steve", "Stereo" );
Systemout.println( "distance(Boat, Coat): " + distancel );
Systemout. println( "distance(Renenber, Al anp): " + distance2 );
Systemout. println( "distance(Steve, Stereo): " + distance3 );

This produces the following output, showing the Levenshtein (or edit) distance between various strings:

di stance(Boat, Coat): 1
di st ance( Remenber, Al anp): 8
di stance(Steve, Stereo): 3

2.14.4. See Also

The Levenshtein distance has a number of different applications, including pattern recognition and correcting spelling
mistakes. For more information about the L evenshtein distance, see http://www.merriampark.com/ld.htm, which explains
the algorithm and provides links to implementations of this algorithm in 15 different languages.

2.15. Using Commons Codec

2.15.1. Problem

Y ou want to use Commons Codec.

2.15.2. Solution

To use Commons Codec in aMaven 2 project, add the following dependency to your project's pom xni :

Example 2.1. Adding a Dependency on Commons Codec

<dependency>
<gr oupl d>comons- codec</ gr oupl d>
<artifactld>conmons-codec</artifactld>
<ver si on>1. 3</ ver si on>

</ dependency>

If you are not sure what this means, 1'd suggest reading Maven: The Definitive Guide. When you depend on alibrary in
Maven 2, all you need to do is add the dependency groupl d, arti fact | d, and ver si on to your project's dependencies.
Once you do this, Maven 2 will download the dependency and make it available on your project's classpath.
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2.15.3. Discussion

The Commons Codec library isasmall library, which includes encoders and decoders for common encoding algorithms,
such as Hex, Base64; and phonetic encoders, such as Met aphone, Doubl eMet aphone, and Soundex. This tiny component

was created to provide a definitive implementation of Base64 and Hex, encouraging reuse and reducing the amount of
code duplication between various Apache projects.

2.15.4. See Also
To learn more about Commons Codec, visit the Commons Codec project at http://commons.apache.org/codec/.

2.17. Calculating Soundex

2.17.1. Problem
Y ou need the Soundex code of aword or a name.

2.17.2. Solution

Use Commons Codec's Soundex. Supply a surname or aword, and Soundex will produce a phonetic encoding:

/1 Required inport declaration

i mport org. apache. conmpns. codec. | anguage. Soundex;

/'l Code body

Soundex soundex = new Soundex( );

String obri enSoundex soundex. soundex( "O Brien" );
String obrianSoundex soundex. soundex( "O Bri an" );
String obryanSoundex soundex. soundex( "O Bryan" );

o
Systemout.println( "O Brian soundex: " + obrianSoundex );
o

Systemout.println( "O Brien soundex: " + obrienSoundex );
Systemout.println( "O Bryan soundex: " + obryanSoundex );

Thiswill produce the following output for three similar surnames:

O Bri en soundex: 0165
O Bri an soundex: O165
O Bryan soundex: 0165

2.17.3. Discussion

Soundex. soundex( ) takesastring, preservesthefirst |etter as aletter code, and proceeds to calculate a code based on
consonants contained in a string. So, names such as "O'Bryan,” "O'Brien," and "O'Brian," al being common variants of
the Irish surname, are given the same encoding: "0O165." The 1 corresponds to the B, the 6 correspondsto the R, and the 5
corresponds to the N; vowels are discarded from a string before the Soundex code is generated.

The soundex algorithm can be used in anumber of situations, but Soundex is usually associated with surnames, as the
United States historical census records are indexed using Soundex. In addition to the role Soundex playsin the census,
Soundex isalso used in the health care industry to index medical records and report statistics to the government. A system
to access individual records should allow a user to search for a person by the soundex code of asurname. If auser typesin
the name "Boswell" to search for a patient in a hospital, the search result should include patients named "Buswell" and
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"Baswaol;" you can use Soundex to provide this capability if an application needs to locate individual s by the sound of a
surname.

The soundex of aword or name can also be used as a primitive method to find out if two small words rhyme. Commons
Codec contains other phonetic encodings, such as Ref i nedSoundex, Met aphone, and Doubl eMet aphone. All of these
alternatives solve similar problems—capturing the phonemes or sounds contained in aword.

2.17.4. See Also

For more information on the Soundex encoding, take alook at the Dictionary of Algorithms and Data Structures at the
National Institute of Standards and Technology (NIST), http://www.nist.gov/dads/'HTM L /soundex.html. There you will
find links to a C implementation of the Soundex algorithm.

For more information about alternatives to Soundex encoding, read "The Double Metaphone Search Algorithm" by
Lawrence Philips (http://www.cuj.com/documents/s=8038/cuj0006philips/). Or take alook at one of Lawrence Philips's
original Metaphone algorithm implementations at http://aspell.sourceforge.net/metaphone/. Both the Metaphone and
Double Metaphone a gorithms capture the sound of an English word; implementations of these algorithms are available in
Commons Codec as Met aphone and Doubl eMet aphone.
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Chapter 3. JavaBeans

3.1. Introduction

Beans are everywhere, popping up in web-application frameworks, enterprise applications, Swing Graphical User
Interface (GUIs), templating engines, and object-relational mapping (ORM) tools. Most systems have some sort of object
model; for example, an el ectronic commerce application would have an object model involving an | nvoi ce, which relates
to a Cust oner ; or a sports news web site would have related At hl et e, Spor t , and Teamobjects. Frequently, objectsin
these object models are beans—simpl e objects with properties, encapsulating access to these properties via public getter
and setter methods.

In 1997, Sun Microsystems published Version 1.01 of the JavaBeans© specification. Initially, Sun offered beans as visua
components for graphical user interfaces; JavaBeans were to be the equivalent of Microsoft's ActiveX controls—a
framework and set of interfaces for creating reusable and pluggable GUI components. Used as components, which
exposed states through a series of accessor and mutator (get X( ) and set X() ) methods, a developer would develop a GUI
Java application by creating avisual layout using an IDE like Visual Cafe or JBuilder. If you've ever developed with
Microsoft toals, you'll know exactly what this means—Java was going to unseat Visual Basic, and GUI development was
going to be easier than easy. According to the JavaBeans Specification Version 1.01 from 1997:

A Java Bean is areusabl e software component that can be manipulated visually in a builder tool.

Don't be misled; 1997 was ages ago, and the concept of the bean has evolved. In the last seven years, Java has become a
dominant technology for server-side applications; impressive Swing applications do exist, but Java has not been an
attractive platform for desktop application development due to reasons technical, economic, and judicial.

Don't be confused by the 1997 JavaBeans specification, either; it is still relevant, but, when used in the context of this
book, the term bean is any object with a no-argument constructor, which encapsulates access to private member variables
via getter and setter methods. Example 3-1 defines a bean, Si npl eBean , which contains two bean properties—nane1 and
nane2.

Example 3-1. Sample bean

package org.test. bean;

public class SinpleBean {
private String nanel;
private String nanme2;
public SinpleBean( ) {}
public String getNamel( ) { return nanel; }
public void setNanel(String nanel) { this.nanmel
public String getNane2( ) { return nane2; }
public void setNane2(String nane2) { this.name2 = nanme2; }

nanel; }

The presence of the public methods get Nane1( ) and get Name2( ) make the bean properties nane1 and name2 readable,
and the public methods set Nane1( ) and set Nane2( ) make these properties writable. A bean should also have a public
no-argument constructor; other constructors are not prohibited, but, since many tools need to dynamically create and
populate beans, a no-argument constructor is required.

The original JavaBeans specification is available at http://java.sun.com/products/javabeans/docs/spec.html. The
JavaBeans specification till exists and features have been added to the Java 1.4 release to support reading and writing
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JavaBeans to Extensible Markup Language (XML) documents. More information about more modern additions to the
JavaBeans specification can be found at http://java.sun.com/j2se/1.4.2/docs/quide/beans/changesli4.html.

3.2. Obtaining Commons BeanUtils

3.2.1. Problem

Y ou want to use Commons BeanUtils to manipulate and access simple, indexed, and nested bean properties.

3.2.2. Solution

To use Commons BeanUtilsin a Maven 2 project, add the following dependency to your project's pom xni :

Example 3.2. Adding a Dependency on Commons BeanUtils

<dependency>
<gr oupl d>commons- beanut i | s</ gr oupl d>
<artifactld>commons-beanutil s</artifactld>
<versi on>1. 8. 0</ ver si on>

</ dependency>

If you are not sure what this means, 1'd suggest reading Maven: The Definitive Guide. When you depend on alibrary in
Maven 2, all you need to do is add the dependency gr oupl d, arti fact | d, and ver si on t0 your project's dependencies.
Once you do this, Maven 2 will download the dependency and make it available on your project's classpath.

3.2.3. Discussion

Commons BeanUtilsis a collection of utilities that makes working with beans and bean properties much easier. This
project contains utilities that allow one to retrieve a bean property by name, sort beans by a property, trandate beans to
maps, and more. BeanUtilsis simple and straightforward, and, as such, you will find that it is one of the most widely used
and distributed libraries in open source Java. Along with Commons Lang and Commons Collections, Commons BeanUtils
is part of the core of Apache Commons. Unless specified otherwise, every utility mentioned in this chapter isfrom
Commons BeanUtils.

In the Beginning...

BeanUtils was originally a part of Jakarta Struts, awidely used Model-View-Controller (MV C) framework for web
applications, which originated in the Jakarta project. The Struts framework hinges upon f or m beans, which are used
to present and communicate user input to and from a Struts action. The Struts Act i onSer vl et and the bean
JavaServer Pages (JSP) tag libraries use the BeanUt i | s, PropertyUtils, and Convert Ut i | s classesto populate and
mani pul ate beans. Refactoring BeanUtils from Struts created new possibilities of reuse throughout the Jakarta
project and the larger open source Java community.

3.2.4. See Also

To learn more about Commons BeanUtils, visit the Commons BeanUtils web site: http://commons.apache.org/beanutils/.
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3.4. Accessing Simple Bean Properties

3.4.1. Problem

Y ou heed to access a simple bean property by name.

3.4.2. Solution

UsePropertyltils. get Si npl eProperty() t0accessabean property by name; this method takes the name of a property
and returns the value of that property. The following example uses this method to retrieve the nane property from a
Per son bean:

i nport org. apache. conmons. beanutils. PropertyUtils;

Person person = new Person( );

per son. set Nane( "Al ex" );

String nane = (String) PropertyUils. getSinpleProperty( person, "nanme" );
System out. println( nane );

PropertyUtils. get Sinpl eProperty( ) invokesthe public method get Nane( ) on aninstance of Per son, returning the
value of the nane property. The previous example executes and prints out the name "Alex."

3.4.3. Discussion

A simple bean property is a private member variable that can be accessed with a getter method. If a property can be read
via a getter method, that getter method is said to be ther ead met hod for the named property. If the property can be
modified with a setter method, that setter method is said to bethewrite met hod for the named property. The Per son
bean in Example 3-4 defines two simple bean properties, name and f avori t eCol or .

Example 3-4. A Person bean with two simple properties

package com di scursi ve. j ccook. bean;
public class Person {
private String nane;
private String favoriteCol or;
public Person( ) {}
public String getNane( ) { return nane; }
public void setNane(String nane) ({
t hi s. name = nane;
}

public String getFavoriteColor( ) { return favoriteColor; }

public void setFavoriteCol or(String favoriteColor) {
this.favoriteCol or = favoriteCol or;

}

The class defined in Example 3-4 is used in the following sample code, which creates a Per son object, sets the name and
favoriteCol or properties, and demonstrates the use of Property. get Si npl eProperty( ) to retrieve both properties by
name:

i mport org.apache. conmons. beanutils. PropertylUtils;
/] Create a person
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Person person = new Person( );
person. set Nane( "Al ex Wl fe" );
person. set FavoriteCol or( "Green" );
try {
String nane = (String) PropertyUils. getSinpleProperty( person, "nanme" );
String favoriteCol or =
(String) PropertyUtils. getSinpleProperty( person, "favoriteColor" );
Systemout.println( "The Person: " + name + " likes " + favoriteColor );
} catch (111l egal AccessException e) {
Systemout.println( "You are not allowed to access a property!" );
} catch (InvocationTarget Exception e) {
Systemout.println( "There was a probl eminvoki ng the nmethod." );
} catch (NoSuchMet hodException e) {
Systemout.println( "There is no nmethod to get a property." );
}

Take note of the extensive exception handling required to retrieve two bean properties; three separate exceptions can be
thrown by get Si npl eProperty( ). Thefirst, 111 egal AccessExcepti on, isthrown if the getter method is not accessible
(not public). I nvocat i onTar get Except i on isthrown if the getter method throws an exception, and

NoSuchMet hodExcept i on isthrown if you specify a bean property that does not exist on an object; for example, attempting
to retrieve the number Of Door s property from the per son object above would throw a NoSuchMet hodExcept i on because
there is no get Nunmber Of Door s( ) method.

Tip

To simplify the examplesin this chapter, most examples will omit thet ry/cat ch or catch the general
Except i on—t0 do otherwise would be a needless waste of paper. As ageneral programming practice,
catching the general Except i on should be avoided; well-written code usually catchesindividual, specific
exceptions. But, in this case, catching the general Except i on may save you a great deal of hassle.

Using PropertyUtil s. get Si npl eProperty( ) whenyou could simply call aget method might seem like an unwieldy
solution to avery simple problem, but the alternative—calling a getter method—Iocks you into a specific bean property at
compile time. This may be unacceptable if you are designing something generic like atemplating system or an expression
language interpreter; you may need to access an arbitrary property of an arbitrary object known only at runtime. The
ability to retrieve the value of a bean property by name lies at the heart of a number of important tools, such as Struts,
Apache Velacity, Commons JEXL, and utilities from Commons Collections. Accessing bean properties by nameisan
appropriate solution for a system that needs a high level of flexibility.

3.4.4. See Also

The next three recipes focus on accessing different types of bean properties: nested, indexed, and mapped. Simple
properties may also be retrieved with PropertyUti | s. get Property( ) ; thismethod is described in Recipe 3.8.

This recipe mentions Apache Struts, aweb application MV C framework. For more information about the Struts project,
see http://struts.apache.org/. Apache Velocity and Commons JEXL are discussed in Chapter 9, and Commons Collections
is discussed in Chapter 5.

3.5. Accessing Nested Bean Properties

3.5.1. Problem
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Y ou heed to access a hested bean property.

3.5.2. Solution

UsePropertyUtils. get Nest edProperty() to retrieve a nested bean property. Use a period as adelimiter to identify
nested bean properties; one. t wo. t hree. f our refersto aproperty nested three levels deep—the f our property of thet hree
property of thetwo property of the one property. The following example accesses a nested bean property on aPer son
bean, aut hor . nane:

i mport org. apache. commons. beanutils. Propertyltils;

Book book = new Book( );

book. set Nane( "Enerson's Essays" );

Person aut hor = new Person( );

aut hor . set Nane( "Ral ph Wal do Enerson" );

book. set Aut hor ( aut hor );

String authorName = (String) PropertyUtils. get NestedProperty(book,
"aut hor. name") ;

System out. println( "authorNane" ); This exanple retrieves the nane
property of the author property on the Book object, printing "Ral ph
Wal do Emerson".

3.5.3. Discussion

The aut hor property of Book iSaPer son bean with anane property; calling get Nest edPr operty( ) with aut hor . nane
retrieves the simple property aut hor from Book and the property nanme, which is nested in the aut hor property. Figure 3-3
shows the Book and Per son beans that were used in the previous example.

Figure 3-3. Structur e of two simple beans: Book and Per son

The following example demonstrates a combination of get Si npl eProperty( ) and get Nest edProperty( ), retrieving a
book name and an author name:

General Exception is caught.
i mport org.apache. conmons. beanutils. Propertyltils;
/] Create an aut hor
Person aut hor = new Person( );
aut hor . set Nane( " Chaucer" );
Book book = new Book( );
book. set Nane( "The Canterbury Tal es" );
book. set Aut hor ( aut hor );
try {
String bookNanme = (String) PropertyUtils. getSinpl eProperty( book, "nanme" );
String aut hor Nane =
(String) PropertyUtils. getNestedProperty( book, "author.nanme" );
Systemout.println( "The book is " + bookNane );
Systemout.println( "The author is " + authorNane );
} catch (Exception e) {
Systemout.println( "There was a problemgetting a bean property." );
e.printStackTrace( );

Tip
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To reduce the size of the example code, only the general Except i on is caught.

When using get Nest edProperty( ), thereisno limit to the number of nesting levels for a property; demonstrating the
retrieval of a deeply nested property, the following example retrieves the nane property from the st at e property of the
addr ess property of aPer son object:

String propertyName = "address. state. nane";
String stateNane =
(String) PropertyUtils. get NestedProperty( person, propertyName );

This example assumes that the Per son class has aget Address( ) method that returns an Addr ess object with a
get Stat e( ) method and returnsast at e object with aget Nane() method. The emphasized code in the previous example
isthe equivalent of the following three lines of code:

Addr ess address = person. get Address( );
State state = address.getState( );
String stateNane = state.get Name( );

3.6. Accessing Indexed Bean Properties

3.6.1. Problem

Y ou heed to access the nth element of a bean property, whichisan array or aLi st .

3.6.2. Solution

UsePropertyUtils. getlndexed() toretrieve an element at a specific index of an array or aLi st property. Assuming
that the chapt er s property of the Book object is an instance of Li st , the following demonstrates the use of

get | ndexedProperty( ) toaccessthefirst element of thelist of chapters.

i nport org.apache. conmons. beanutils. PropertyUtils;
/] Create a new Book
Book book = new Book( );
I/l Create a list of Chapters
Chapter chapterl = new Chapter( );
Chapter chapter2 = new Chapter( );
book. get Chapters( ).add( chapterl );
book. get Chapters( ).add( chapter2 );
/!l Retrieve the first Chapter via a property name and an i ndex.
Chapter chapter =
(Chapter) PropertyUils. getlndexedProperty(book, "chapters[0]");

3.6.3. Discussion

There are two ways of accessing an indexed property viaPropertyUti | s: theindex can be specified in the name, or it can
be specified as athird parameter. The following code uses both versions of get | ndexedProperty( ) to retrieve the first
chapter from the list of chapters:
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i mport org. apache. conmons. beanutils. PropertyUtils;
Book book = new Book( );
Chapter chapterl = new Chapter( );
Chapter chapter2 = new Chapter( );
Li st chapters = new ArraylList( );
chapters. add( chapterl );
chapters. add( chapter2 );
book. set Chapt ers( chapters );
/1l You can retrieve the first chapters like this...
Chapt er chapterOne =
(Chapter) PropertyUils. getlndexedProperty( book, "chapters[0]" );
/1 O... you can retrieve the first chapter like this...

chapterOne =
(Chapter) PropertyUils. getlndexedProperty( book, "chapters", 0 );

In the previous example, the first version of get | ndexedPr operty( ) acceptsa string specifying an indexed bean
property—chapt er s[ 0] . If thisstring is not well-formed, PropertyUti | s will throw an 111 egal Ar gunent Except i on;
chapters[zero] andchapters['zero'] Will cause an exception because neither index is an integer value, and

chapt er s] o[ will cause an exception because the brackets are transposed. The second call to get | ndexedProperty( ) IS
preferred because there islessrisk that a parsing error will throw an 1 11 egal Ar gument Except i on.

3.7. Accessing Mapped Bean Properties

3.7.1. Problem
Y ou need to retrieve values from a bean property of type vap.

3.7.2. Solution
UsePropertyltils. get MappedProperty() to obtain values from a map property. The code here retrieves the value
corresponding to the key "Dining Room" from the r commap property of the Apar t ment bean:

i mport org.apache. commons. beanutils. Propertyltils;
Room di ni ng = new Room( );
di ni ng. set Area( 20 );
di ni ng. set Car peted( true );
di ni ng. set Fur ni shed( true );
Map roons = new HashMap( );
roons. put ( "Di ni ng Roonm', dining );
Apartnent apartnent = new Apartnent( );
apart ment . set Roons( roons );
/!l Retrieve the Dining Room object

Room room =

PropertyUtils. get MappedProperty( apartnent, "roons(D ning Room)" );

3.7.3. Discussion
The code shown in the Solution section retrieves the value from the r oons nap corresponding to the key "Dining
Room"—r ocoms( Di ni ng Room) . The call to get MappedProperty( ) isthe equivalent of calling apart ment . get Rooms(
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). get (" Di ni ng Roont') . Figure 3-4 illustrates the structure and relationship of these two beans used, Apar t mrent and Room
Figure 3-4. Diagram of the Apartment and Room beans

get MappedProperty( ) worksonly if the specified Map has St ri ng keys. get MappedPr operty( ) takesthe string between
( and) and retrieves the value corresponding to this string.

There is another version of PropertyUti | s. get MappedPr operty() that takesathird argument, allowing you to specify
the map property in the second argument and the key in the third argument. The code here uses two different versions of
get MappedProperty( ) to retrieve the same value from the r oons map property:

i mport java.util.Mp;
i mport java.util.HashMap;
i nport org.apache. conmons. beanutils. PropertyUtils;
Room di ni ng = new Roon( );
di ni ng. set Area( 20 );
di ni ng. set Carpeted( true );
di ni ng. set Fur ni shed( true );
Map roons = new HashMap( );
roons. put ( "Di ni ng Roonm', dining );
Apartnent apartnent = new Apartnent( );
apart nent . set Roons( roons );
/] Retrieve the |ivingRoom key
Room room =
(Room) PropertyUtils. get MappedProperty( apartnent,

"roons(Di ni ng Room" );
/I O.. retrieve the |livingRoomkey with 3 paraneters -
/] equival ent to previous
room =

(Roon) PropertyUtils. get MappedProperty( apartnent, "roons",
"Di ni ng Roont" );

What was true for get | ndexedProperty( ) isalsotruefor get MappedProperty( ). Inthe previous example, thefirst call
to get MappedProperty( ) specifies akey with astring—r oons(bi ni ng Room) . If get MappedProperty( ) isunableto
parsethisstring, an 111 egal Ar gument Except i on Will be thrown; r oons[ Di ni ngRoom) and r oons( ( Di ni ngRoonm) Will both
throw 111 egal Ar gument Except i on because the property string is not well-formed. The second call to

get MappedProperty( ) reducestherisk of aproperty string parsing error because the key is specified in athird
parameter.

3.8. Accessing a Simple, Nested, Indexed, and Mapped Bean
Property

3.8.1. Problem
Y ou need to access a nested, indexed, and mapped bean property by name.

3.8.2. Solution

UsePropertyltils. get Property() toaccessany bean property. Thissingle utility can be used to access any bean
property be it simple, nested, indexed, mapped, or any combination thereof. The following example accesses asimple
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property, popul at i on, of anested mapped property, ci ti es, on an indexed property, r egi ons:

i mport java.util.?*;
i mport org. apache. conmons. beanutils. PropertyUtils;
/] Create a series of nested beans
City richnond = new City( );
ri chmond. set Nanme( "R chnond" );
ri chnmond. set Popul ati on( new Long(500000) );
Map cities = new HashMap( );
cities.put( "richnond", richnmond );
Regi on mi dAtl antic = new Region( );
m dAtl antic.setNane( "M d-Atlantic" );
m dAtlantic.setCities( cities );
Li st regions = new ArrayList( );
regi ons. add( mi dAtlantic );
Country country = new Country( );
country.setNanme( "United States" );
country. set Regi ons( regions );
/!l Retrieve the popul ation of Ri chnmond
Long popul ation =
(Long) PropertyUtils.getProperty( country,
"regions[0].cities(richnmond). popul ation" );

Most of this code sets up a complex nested object hierarchy to be queried by PropertyUti | s. get Property( ). Retrieving
theregi ons[0].cities(richnond). popul ati on property isthe equivalent of traversing down atree of objects and
retrieving the bottom-most element—popul at i on.

3.8.3. Discussion
The emphasized code retrieves the popul at i on of the Gi ty object ri chnond; it is equivalent to the following code excerpt:

Regi on regi on = (Regi on) country. get Regi ons( ).get(0);
City city = (City) region.getCities( ).get("R chnond");
Long popul ation = city. get Popul ati on( );

Figure 3-5 displays the structure of these three beans: Count ry, Regi on, andCi ty.
Figure 3-5. The Country, Region, and City beans

When accessing a bean property, you can use PropertyUti | s. get Property( ) inlieu of the methodsintroduced in the
previous four recipes. The get Property( ) method parses the supplied property name, splitting the name as the period
character. Once this property has been split, this utility parses each token and passes the string to the appropriate
method—get Si npl eProperty(), get Nest edProperty( ), get!ndexedProperty( ), Or get MappedProperty( ).

3.8.4. See Also

Bean properties may also be retrieved using a simple expression language, such as Expression Language (EL) or Java
Expression Language (JEXL). For more information about retrieving bean properties using an expression language, see
Recipe 12.1.

Bean properties may also be retrieved using an X Path expression. For more information, see Recipe 12.1.
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3.9. Determining the Type of a Bean Property

3.9.1. Problem
Y ou heed to determine the type of a bean property.

3.9.2. Solution

UsePropertyltils. get PropertyType( ) todeterminethe type of abean property. This utility will return ad ass object
that represents the return type of the property's getter method. The following example uses this method to obtain the return
type for the aut hor property on the Book bean:

i nport org. apache. conmons. beanutils. PropertyUils

Book book = new Book( );

Class type = PropertyUtils. getPropertyType( book, "author" );
System out. println( "book.author type: " + type.getNane( ) );

This example retrieves and displays the type of the aut hor property on Book, which happensto be a Per son object. The
type of the property is returned and printed to the console:

book. aut hor type: org.test.Person

3.9.3. Discussion

PropertyUtils. get PropertyType() alsowarksfor acomplex bean property. Passing a nested, indexed, or mapped bean
property to this utility will return the type of the last property specified. The following code retrieves the type of a nested,
indexed property—chapt er s[ 0] . nane:

i mport org.apache. conmons. beanutils. PropertyUils;
Chapter chapter = new Chapter( );
chapt er. set Nanme( "Chapter 3 BeanUtils" );
chapt er. setLengt h( new | nt eger (40) );
Li st chapters = new ArrayList( );
chapt ers. add( chapter );
Book book = new Book( );
book. set Nane( " Common Java Cookbook" );
book. set Aut hor ( " Dude" );
book. set Chapters( chapters );
String property = "chapters[O0].nanme";
Cl ass propertyType = PropertyUtil s. get PropertyType(book, property);
Systemout.println( property + " type: " + propertyType.getNanme( ) );

This code retrieves the type of the name property from an instance of the chapt er retrieved as an indexed property, and it
prints the following output:

chapters[0] . nane type: java.lang.String

PropertyUtil s contains another method to retrieve aPropertyDescri ptor-- PropertyUtils. get PropertyDescri ptor(
) . This method takes a reference to any bean property, simple or complex, and returns an object describing the type of a
property and providing accessto the read and write methods of a property. The following code excerpt obtains the
PropertyDescri pt or Of anested, indexed property—chapt er s[ 0] . nane:
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String property = "chapters[0].nanme";
PropertyDescri ptor descriptor =
PropertyUils. get PropertyDescri ptor(book, property);
Cl ass propertyType = descriptor.getPropertyType( );
Met hod writeMethod = descriptor.getWiteMethod( );
Met hod readMet hod = descri ptor. get ReadMet hod( );

3.10. Comparing Beans

3.10.1. Problem

Y ou need to sort or compare beans by a bean property.

3.10.2. Solution

Use BeanConmpar at or t0 compare two beans using a bean property, which can be simple, nested, indexed, or mapped.
BeanConpar at or obtains the value of the same bean property from two objects and, by default, compares the properties
with a Conpar abl eConpar at or . The following example sorts alist of Count ry objects using aBeanConpar at or and the
default Conpar abl eConpar at or :

i mport java.util.*;
i mport org.apache. conmons. beanuti | s. BeanConpar at or ;
Country countryl = new Country( );
countryl. set Nanme( "India" );
Country country2 = new Country( );
country2. set Nane( " Paki stan" );
Country country3 = new Country( );
count ry3. set Nane( " Af ghani stan" );
/Il Create a List of Country objects
Country[] countryArray = new Country[] { countryl, country2, country3 };
Li st countryList = Arrays.asList( countryArray );
/] Sort countries by nane
Conpar at or nanmeConpare = new BeanConparator( "nane" );
Col |l ections.sort( countryList, nameConpare );
Systemout.println( "Sorted Countries:" );
Iterator countrylterator = countryList.iterator( );
whil e( countrylterator.hasNext( ) ) {
Country country = (Country) countrylterator.next( );
Systemout.println( "\tCountry: " + country.getNane( ) );

This code creates three Count ry objects with different names, places the count ry objectsinto alist, and sorts thislist with
aBeanConpar at or configured to compare by the bean property nane. This code executes and prints the sorted list of
countries:

Sorted Countri es:
Country: Afghani stan
Country: India
Country: Paki stan

3.10.3. Discussion
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The previous example demonstrated the default behavior of BeanConpar at or ; when aBeanConmpar at or iS constructed with
only one parameter, it uses a Conpar abl eConpar at or to compare the values of the propertiesit retrieves. Y ou can also
construct a BeanConpar at or With an instance of Conpar at or ; in this case, BeanConpar at or decorates another Conpar at or ,
retrieving the values of a property and passing these values on to an instance of Conpar at or . The following example
demonstrates the use of BeanConpar at or With a custom Conpar at or implementation. This example involves two objects
shown in Figure 3-6: El ect ri cVehi cl e and Engi ne.

Figure 3-6. Objectsinvolved in a sorting example

An application needs to sort El ect ri cVehi cl e objects by efficiency, and, in this contrived example, efficiency is defined
as the number of miles per gallon times the percentage of electric operation; an 80% electric hybrid vehicleis more
efficient than a 25% electric hybrid vehicle with the same mileage because of reduced emissions. The code fragments
shown in Example 3-5 sort a collection of beans by wrapping a custom Conpar at or with aBeanConpar at or .

Example 3-5. Decor ating a Comparator with a BeanCompar ator

i mport java.util.?*;
i nport org.apache. conmons. beanuti | s. BeanConpar at or ;
/1l Create Engines
Engi ne engi nel = new Engi ne( );
engi nel.setM |l esGl | on( new | nteger(60) );
engi nel. set Percent El ectric( new I nteger(50) );
Engi ne engi ne2 = new Engi ne( );
engi ne2.setM |l esGl | on( new | nt eger (90) );
engi ne2. set Percent El ectric( new I nteger(50) );
Engi ne engi ne3 = new Engi ne( );
engi ne3. set M| es@l | on( new | nt eger (65) );
engi ne3. set Percent El ectric( new I nteger(45) );
/1 Create Vehicles
El ectricVehicle vehiclel = new El ectricVehicle( );
vehi cl el. set Make( "Toy Yoda" );
vehi cl el. set Mbdel ( "El ectro" );
vehi cl el. set Year ( 2005 );
vehi cl el. set Engi ne( engi nel );
El ectri cVehicle vehicle2 = new El ectricVehicle( );
vehi cl e2. set Make( "F ord" );
vehi cl e2. set Mbdel ( " Photon" );
vehi cl e2. set Year ( 2004 );
vehi cl e2. set Engi ne( engi ne2 );
El ectricVehicl e vehicle3 = new El ectricVehicle( );
vehi cl e3. set Make( "Ford" );
vehi cl e3. set Mbdel ( "El ectric Pinto" );
vehi cl e3. set Year ( 2005 );
vehi cl e3. set Engi ne( engi ne3 );
/1 Create List of Vehicles
Li st vehicles = new ArrayList( );
vehi cl e. add( vehiclel );
vehi cl e. add( vehicle2 );
vehi cl e. add( vehicle3 );
/| Define Engine Conparison Logic in an Anonynmous inner class
[ which inplenments the Conparator interface
Conmpar at or engi neConpare = new Conparator( ) {
public int conpare(Object ol, Object 02) {
Engi ne engi nel = (Engi ne) o1l;
Engi ne engi ne2 = (Engi ne) o02;
i nt engi nelTenp = enginel.getMlesGllon( ).intValue( ) *

61



JavaBeans

engi nel. get PercentEl ectric( ).intValue( );
i nt engi ne2Tenp = engi ne2.getMlesGllon( ).intValue( ) *
engi ne2. get PercentEl ectric( ).intValue( );
I nt eger engi nelFactor = new I nteger( enginelTenp );
I nt eger engi ne2Factor = new I nteger( engi ne2Tenp );
return engi nelFact or. conpareTo( engi ne2Factor );
}
}
Conmpar at or vehi cl eConpare = new BeanConpar at or ( "engi ne", engi neConpare );
Col I ections.sort( vehicles, vehicleConpare );
/1l Print Sorted Results
Systemout.println( "Vehicles Sorted by Efficiency:" );
Iterator vehiclelter = vehicles.iterator( );
whil e( vehiclelter.hasNext( ) ) {
El ectricVehicle vehicle = (ElectricVehicle) vehiclelter.next( );
Systemout.println( "\tVehicle: " + vehicle.getMdel( ) + ", " +
vehicle.getEngine( ).getMlesGllon( ) + " MPG " +
vehi cl e. get Engi ne( ).getPercentElectric( ) + "%Electric" );

engi neConpar e contains the logic used to sort vehicles by efficiency, and BeanConpar at or suppliesthe engi ne properties
to this Conpar at or implementation. This previous example creates three vehicles and sorts the vehiclesin order of
efficiency; the following results are printed:

Vehi cl es Sorted by Efficiency:
Vehi cl e: Photon, 90 MPG 50% El ectric
Vehicle: Electro, 60 MPG 50% El ectric
Vehicle: Electric Pinto, 65 MPG 45% El ectric

3.10.4. See Also

Chapter 4 provides examples of various Conpar at or implementations, which can be used to decorate other comparators.
One Conpar at or in particular isimportant if you plan to sort beans on a bean property, which could be nul | . If abean
property could be nul I, make sure to pass aNul | Conpar at or t0 BeanConpar at or ; Otherwise, Conpar abl eConpar at or Will
throw aNul | Poi nt er Except i on if aproperty valueisnul | . Recipe 4.5 discusses techniques for decorating a Conpar at or
with Nul | Conpar at or .

Recipe 3.15 discusses aBeanPr edi cat e object that can be used to validate beans. The BeanPr edi cat e is similar to the
BeanConpar at or asit decorates another instance of Predi cat e, providing access to a bean property.

3.11. Copying Bean Properties

3.11.1. Problem

Y ou have two instances of a bean, and you need to copy the properties of one bean to another instance of the same class.

3.11.2. Solution

UsePropertyUtils. copyProperties() tocopy the properties from one bean to ancther. The first parameter is the
destination bean, and the second parameter is the bean to copy properties from:
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i mport org. apache. conmons. beanutils. PropertyUtils;
Book book = new Book( );

book. set Nane( "Prel ude to Foundation" );

book. set Aut hor Name( " Asi mov" );

Book desti nati onBook = new Book( );

PropertyUils. copyProperties( destinati onBook, book );

After executing this code, dest i nat i onBook. get Name() should return "Prelude to Foundation," and
dest i nat i onBook. get Aut hor Nane( ) should return "Asimov"; the name and aut hor Nane properties of book were both
copied to dest i nat i onBook.

3.11.3. Discussion

PropertyUtils. copyProperties( ) retrievesthe valuesof all properties from a source instance of abean, assigning the
retrieved values to a matching property on a destination instance. If the Book bean in the previous example had an aut hor
property of type Aut hor , copyProperti es( ) would have assigned the same reference object to the dest i nat i onBook. In
other words, copyProperties( ) doesnot clone the values of the bean properties. The following example demonstrates
this explicitly:

Aut hor aut hor = new Aut hor( );

aut hor . set Nane( "Zi nsser" );

Book book = new Book( );

book. set Name( "On Witing Well" );

book. set Aut hor ( aut hor );

Book desti nati onBook = new Book( );

PropertyUtils. copyProperties( destinati onBook, book );

/1 At this point book and destinati onBook have the sane author object
i f( book.getAuthor( ) == destinationBook.getAuthor( ) ) {
systemout. println( "Author objects identical" );

}

The aut hor properties of these two objects are now identical references to the same instance of the Aut hor class.
copyProperties( ) doesnot clone the values of bean properties.

copyProperties( ) canalsocopy the contents of amap to abean if the keys of amap correspond to names of simple bean
properties on the destination bean:

Map mapProps = new HashMap( );

mapProps. put ( "nane", "The Art of Computer Progranmm ng" );
mapProps. put ( "author", "Knuth" );

Book desti nati onBook = new Book( );

PropertyUils. copyProperties( destinati onBook, mapProps );

3.11.4. See Also
If you need to clone a bean, take alook at Recipe 3.12

3.12. Cloning a Bean

3.12.1. Problem
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Y ou need to clone a bean.

3.12.2. Solution

UseBeanlti | s. cl oneBean() . Thismethod creates a new instance of a bean with the default constructor, and it copies
every property to the new bean instance. The following instance creates a cloned instance of aBook object:

i mport org.apache. conmons. beanutils. BeanUtil s;
Book bookl = new Book( );

bookl. set Nane( "Count of Mnte Cristo" );

Book book2 = (Book) BeanlUtils.cl oneBean( bookl );

3.12.3. Discussion

cl oneBean( ) instantiates a new instance of the bean to be cloned and callsBeanUt i | s. copyProperties( ) totransfer al
readable bean properties to the newly instantiated bean. The following code demonstrates the stepsthat ¢l oneBean( ) is
taking to clone an instance of a bean:

Book bookl = new Book( );

book1l. set Nane( "Practical C Programm ng" );

Book book2 = bookl.getd ass( ).new nstance( );
PropertyUtils. copyProperti es( book2, bookl );

3.13. Setting a Bean Property

3.13.1. Problem
Y ou need to set asimple, indexed, nested, or mapped bean property by name.

3.13.2. Solution

UsePropertyltils. set Property() toset any bean property: ssmple, nested, indexed, or mapped. Pass the bean object to
be modified, the name of the property, and the valueto set Property( ) ; this method will call the appropriate setter
method on the supplied object. The following example demonstrates the use of this method to set two properties on a Book
bean:

i mport org.apache. conmons. beanutils. Propertyltils;

Person personl = new Person( );

personl. set Nane( "Bl ah" );

Book bookl = new Book( );

book1l. set Nane( "Bl ah" );

book1l. set Aut hor( "Bl ah" );

PropertyUtils. set Property( bookl, "nane", "Sone Apache Book" );
PropertyUils. set Property( bookl, "author", new Person( ) );
PropertyUils. set Property( bookl, "author.name", "Ken Coar" );

This code created an instance of the Book bean and the Per son bean, and PropertyUti | s. set Property( ) Setbotha
simple and a nested bean property.
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3.13.3. Discussion

In addition to simple and nested bean properties, this utility can populate indexed and mapped properties. The following
example demonstrates the setting of mapped and indexed bean properties on a Book object:

Book bookl = new Book( );
book1l. get Chapters( ).add( new Chapter( ) );
book1. get Chapters( ).add( new Chapter( ) );
PropertyUils. set Property( bookl, "nanme", "Apache: The Definitive CGuide" );
PropertyUils. set Property( bookl, "author", new Person( ) );
PropertyUils. set Property( bookl, "author.name", "Laurie" );
PropertyUils. set Property( bookl, "chapters[O].nanme", "Introduction" );
Apartnent apartnent = new Apartnent( );
apart nent . get Roons( ). put( "livingRoonm', new Roon( ) );
PropertyUtils. set Property( apartnent, "rooms(livingRoon.|ength",

new | nteger(12) );

Assume that the Book bean is associated with a series of chapt er objects each of which have a name property. The Book
bean has achapt er s property, which isalist. The name of the first chapter is set by referencing the chapt er s[ 0] . name
property.

3.14. Testing Property Access

3.14.1. Problem
Y ou need to test abean property to seeif it can be read from or written to.

3.14.2. Solution

UsePropertyUtils.isReadabl e() andPropertyUtils.isWitable( ) toseeif abean property isreadable or writable.
The following code tests the nane property of the Book bean to seeif it is readable and writable:

i nport org.apache. conmons. beanutils. PropertyUtils;

/'l Create a Book denpbnstrating the getter and setter for "nanme"
Book bookl = new Book( );

bookl. set Nane( "Bl ah" );

String nane = bookl. get Name( );

/[l Can we read and wite "nane"

bool ean naneReadabl e = PropertyUils.i sReadabl e( book, "nane" );
bool ean naneWitable = PropertyUils.isWitable( book, "nane" );
Systemout.println( "lIs name readabl e? " + naneReadabl e );
Systemout.printin( "Is nane witable? " + naneWitable );

The nane property is both readable and writable, so the naneReadabl e and nanew i t abl e variables will both be true. The
output of this exampleis asfollows:

I s name readabl e? true
Is nane witable? true

3.14.3. Discussion
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In addition to working with simple properties, i sReadabl e() andi switabl e( ) alsowork on nested, indexed, and
mapped properties. The following example demonstrates the use of these methods to check access to the indexed,
guadrupl e-nested, mapped bean property | engt h:

Book bookl = new Book( );
book1. get Chapters( ).add( new Chapter( ) );
bool ean i sReadabl e =
PropertyUtils.isReadabl e( book,
"chapt ers[ 0] . aut hor. apart nment . roons(!ivi ngRoon) .| ength");
bool ean i sWitable =
PropertyUils.isWitable( book,
"chapt ers[ 0] . aut hor . apart nment . roons(!ivi ngRoon) .| ength");

PropertyUtils.isReadabl e( ) returnstrueif a specified bean property can be obtained via a public getter method, and
PropertyUtils.isWitable( ) returnstrueif aspecified bean property corresponds to a public setter method. Thisisan
overly complex example, but it demonstrates the versatility of PropertyUtils. i sReadabl e( ) and of
PropertyUils.isWitable( ).

3.15. Validating Beans with Predicates

3.15.1. Problem

Y ou need to test the state of a bean, testing for the presence or absence of simple and nested bean properties.

3.15.2. Solution

Use aBeanPr edi cat e from Commons BeanUtils. A BeanPr edi cat e iS an implementation of the Pr edi cat e interface
defined in Commons Collections. As described in Chapter 4, aPr edi cat e'Seval uat e() method takes an object and
returns abool ean; BeanPr edi cat e decorates another Pr edi cat e, allowing that Predi cat e to evaluate a bean property:
simple, nested, indexed, or mapped. The following code demonstrates the use of BeanPr edi cat e to validate the condition
of abean:

i mport org.apache. conmons. beanutils. *;
i nport org.apache. conmons. col | ecti ons. *;
/'l A Predicate that returns true if the "nanme" property is not null

Predi cate teamNot Nul | = new BeanPredi cate( "name", new NotNul |l Predicate( ) )
/1 A Predicate that returns true if the "coach. firstNane" property
[l is "Tont

Predi cat e coachFirst Name = new BeanPredi cate( "coach. firstNanme",
new Equal sPredi cate("Tonm') );
[l Tie two Predicates together into an AndPredi cate
Predi cate val i dateTeam = new Al | Predi cate( predicateArray );
/] Create Team Cbj ects
Team fish = new Tean( "Swordfish", new Coach( "Tont, "O Connell") );
Team hens = new Tean( "Hens", new Coach( "Bob", "McGarry") );
bool ean fishValid = validateTeam eval uate( fish );
bool ean henValid = vali dat eTeam eval uat e( hens );
Systemout.println( "Is Swordfish teamvalid? " + fishvalid );
Systemout.printin( "Is Hens teamvalid? " + hensValid );

Assume that the two Teamobjects contain two properties. nane and coach. The coach property on Teamis aCoach object
with two properties: fi r st Name and | ast Narme. The first BeanPr edi cat e, t eamrNot Nul | , USES aNot Nul | Pr edi cat e tO test
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the simple property narme. The second BeanPr edi cat e USES an Equal Pr edi cat e t0 test the nested property
coach. first Nane. In the previous example, aTeamobject isonly valid if it has a name, and the first name of the coach is
"Tom." Two teams are created and the following output is printed:

s Swordfish team valid? true
Is Hens teamvalid? fal se

3.15.3. Discussion

A BeanPr edi cat e obtains the value of the specified bean property using PropertyUti | s and passes the resulting property
value to the Pr edi cat e it was constructed with; BeanPr edi cat e decorates another pr edi cat e. The following example
demonstrates the use of Beanpr edi cat e, Wrapping an Equal Pr edi cat e, | nst anceof Predi cat e, and a composite

AnyPr edi cat e:

i nport org.apache. cormons. col | ecti ons. Predi cat e;
i mport org. apache. conmons. beanuti | s. BeanPr edi cat e;
i mport org.apache. commons. col | ecti ons. funct ors. AnyPr edi cat e;
i mport org.apache. conmons. col | ecti ons. funct ors. Equal Pr edi cat e;
i mport org. apache. conmons. col | ecti ons. funct ors. | nst anceof Predi cat e;
i nport org. apache. conmons. col | ecti ons. functors. O Predi cat e;
/1l A predicate to validate the value of the age property
Predi cate exanpl el = new BeanPredi cate( "age",
new Equal Predi cate( new Integer( 10 ) );
/! A predicate to validate the type of the title property
Predi cat e exanpl e2 = new BeanPredi cate( "book[4].title",
new | nst anceof Predi cate( String.class ) );
/1 A conposite predicate definition
Predi cate equal A = new Equal sPredi cate("A");
Predi cate equal B = new Equal sPredi cate("B");
Predi cate equal C = new Equal sPredicate("C");
Predi cate either ABC =
new AnyPredi cate( new Predicate[] { equal A, equal B, equalC} );
/1l A predicate to validate the type of the title property
Predi cat e exanpl e3 = new BeanPredi cate( "node", eitherABC );

Predicate exanpl el tests the age property of abean, passing the property value to an Equal Pr edi cat e, which returns true
if ageis 10. Predicate exanpl e2 teststhe property tit I e from the fifth element in the book property; if the book's title
property value is of type st ri ng, exanpl e2 returns true. Predicate exanpl e3 tests the value of the node property of a bean,
it evaluatesto trueif mode equals"A," "B," or "C." These three examples demonstrate that a Beanpr edi cat e isasimple
decorator, which alows one to apply any Pr edi cat e to a bean property.

3.15.4. See Also

Chapter 4 contains more recipes focused on using Pr edi cat e implementations to perform complex validation and to
create intelligent, self-validating collections. This recipe introduces two simple predicates; Equal Pr edi cat e and

Not Nul | Pr edi cat e are discussed in Recipe 4.7. For more information about using predicates, see Chapter 4 and the
Commons Collections project site at http://commons.apache.org/collections.

3.16. Creating a Map of Bean Properties
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3.16.1. Problem

Y ou heed to create a vap that contains every property in abean.

3.16.2. Solution

UsePropertyUtils. describe() to generate amap containing al of the readable bean properties from a bean instance.
Supply an instance of a bean and this method will return a vap containing all readable bean properties. The code shown
here demonstrates the use of PropertyUti | s. describe( ) to describe aPer son bean:

i mport java.util.*;

i mport org.apache. conmons. beanutils. Propertyltils;

/] Create a Person and a Book bean instance

Person person = new Person( );

per son. set Nanme( " Sone Dude" );

Book book = new Book( );

book. set Nane( "Sone Silly Conputer Book" );

book. set Aut hor ( person );

/1 Describe both beans with a Map

Map bookMap = PropertyUtils. describe( book );

Map aut horMap = PropertyUtils. descri be( bookMap. get ("book") );
Systemout. println( "Book Nane: " + bookMap.get( "nanme" ) );
System out. println( "Author Name: " + authorMp.get( "name" ) );

3.16.3. Discussion

The previous example involves a Book bean with anane and aut hor property; the aut hor property isaPer son bean with
one property: name. The two maps, bookMap and aut hor Map, contain keys for every defined bean property, and two of
those properties are printed out:

Book Nane: Sonme Silly Conputer Book
Aut hor Nane: Some Dude

The map returned from PropertyUti | s. descri be( ) iSaHashMap that contains every property from the bean to be
described. Internally, PropertyUtils. describe() USESPropertyUtils. get PropertyDescriptors( ) toobtainthelist of
properties to put into this map.

3.16.4. See Also

Recipe 3.17 demonstrates the use of the Beanvap to wrap a bean and expose a bean's properties via the map interface.

3.17. Wrapping a Bean with a Map

3.17.1. Problem
Y ou need to expose a bean's properties as a Map, and operate on the bean properties as if they were entriesin amap.

3.17.2. Solution
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Wrap any bean in aBeanhap . This Map implementation uses introspection to provide access to bean properties asif they
were key/value pairsin amap. This code wraps a Per son bean with BeanMap, iterating through every key and accessing
bean propertieswith get ( ) :

i mport java.util.?*;
i nport org. apache. conmons. col | ecti ons. BeanMap
Person person = new Person( );
person. set Name( "Jim' );
per son. set Age( new I nteger( 28 ) );
per son. set Cccupati on( "Devel oper" );
Map beanMap = new BeanMap( person );
Set keys = beanMap. keySet ( ) ;
Iterator keylterator = keys.iterator( );
whil e( keylterator.hasNext( ) ) {
String propertyName = (String) keylterator.next( );
Systemout.println( "Property: " + propertyNane +
", Value: " + beanMap.get( propertyNane ) +
", Type: " + beanMap. get Type( propertyName ).
toString( ) );
}

The per son bean has the following properties: age, narme, and occupat i on; an instance of this bean is created and passed
to the constructor of BeanMap. The following output is created by iterating over the key set of beanMap:

Property: Age, Value: 28, Type: java.lang.String
Property: Nane, Value: Jim Type: java.lang.|nteger
Property: Cccupation, Value: Devel oper, Type: java.lang. String

3.17.3. Discussion

The previous example demonstrates the use of PropertyUti | s. descri be( ) to create aMap containing bean properties.
BeanMap Not only exposes bean properties with a Map interface, it wraps a bean instance, allowing you to alter the contents
of the underlying bean viaput () . In addition to implementing the mvap interface, BeanMap provides a number of additional
methods for obtaining et hod objects and the types of bean properties. Table 3-1 describes a few of these methods.

Table 3-1. Methods provided by BeanM ap

Method Description

clear( ) Constructs a new instance of abean using the
no-argument constructor of the class that corresponds
to get Bean( ). getd ass()

clone( ) If possible, creates another instance of Beanvap,
wrapping a copy of the wrapped bean

get Bean( ) Returns the bean wrapped by this BeanMap

set Bean( Obj ect bean) Causes an instance of BeanMap to wrap the supplied
bean

get Type(String name) Retrieves the type of the specified bean property
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Method Description

get ReadMet hod( Stri ng name) Retrieves a Met hod object for the read method (or

getter) of the specified property

get WiteMethod(String nane) Retrieves a Met hod object for the write method (or

setter) of the specified property

Example 3-6 demonstrates the use of the methods listed above to manipulate and alter properties of a Per son bean.

Remember, when you alter a BeanMap, you are modifying the underlying bean.

Example 3-6. BeanM ap methods getBean( ), setBean( ), getType( ), getReadM ethod( ), and getWriteM ethod( )

package com di scursive. j ccook. col | ecti ons;
i mport java.l ang.refl ect. Met hod;
i nport org. apache. conmons. col | ecti ons. BeanMap;
public class BeanMapExanpl e {
public static void main(String[] args) throws Exception {
BeanMapExanpl e exanpl e = new BeanMapExanpl e( ) ;
exanple.start( );
}
public void start( ) throws Exception {
/] Create a Person bean
Person person = new Person( );
per son. set Name( " Todd" );
per son. set Age( new I nteger( 45 ) );
per son. set Cccupati on( "Record Col |l ector" );
/1l Wap person with a Map
BeanMap map = new BeanMap( person );
[/l Set the age to 24 using a Method fromthis map
Met hod net hod = map. get WiteMet hod( "age" );
nmet hod. i nvoke( person, new I nteger(24) );
/[l Set the nane to "John" using map. put
map. put ( "nanme", "John" );
/] Create a Person bean
Person person2 = new Person( );
person2. set Nane( "G ndy" );
person2. set Age( new Integer( 39 ) );
per son2. set Cccupati on( "Transcriptionist" );
/1 Make t he BeanMap operate on anot her bean
map. set Bean( person2 );
/1l Get the type of the Age property
G ass type = map. get Type( "age" );

3.17.4. See Also

BeanMap provides a convenient shortcut for accessing and manipulating beans, providing the same abilities that are
provided by PropertyUti | s. For more information about accessing and manipulating bean properties with

PropertyUtils, see Recipe 3.8 and Recipe 3.13.
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3.18. Creating a Dynamic Bean

3.18.1. Problem
Y ou need to be able to create a bean dynamically at runtime.

3.18.2. Solution

Use aDynaBean. Y 0OU can create a DynaBean With an arbitrary set of properties at runtime, and the resulting DynaBean
object will function properly with all Commons BeanUTtils utilities, such asPropertyuti | s. The following example
demonstrates the use of aBasi cDynaBean to model a politician:

i mport java.util.*;
i mport org.apache. conmons. beanutils. *;
DynaProperty[] beanProperties = new DynaProperty[]{
new DynaProperty("name", String.class),
new DynaProperty("party", Party.class),
new DynaProperty("votes", Long.class)
1
Basi cDynaCl ass politicianC ass =
new Basi cDynaCl ass("politician", BasicDynaBean.class, props);
DynaBean politician = politicianC ass. new nstance( );
[/l Set the properties via DynaBean
politician.set( "nanme", "Tony Blair" );
politician.set( "party", Party.LABOUR );
politician.set( "votes", new Long( 50000000 ) );
/] Set the properties with PropertyUtils
PropertyUils.setProperty( politician, "name", "John Mjor" );
PropertyUils. setProperty( politician, "party", Party. TORY );
PropertyUils. setProperty( politician, "votes", new Long( 50000000 ) );

In this code, the properties of the pol i ti ci an bean are set using two different methods. The first method is to manipulate
properties viathe DynaBean interface, and the second method involvesusing PropertyUtil s. set Property( ). Both
regions of code accomplish the same goal, and PropertyUti | s wasincluded to emphasize the fact that most utilitiesin
BeanUtils will understand how to work with DynaBean implementations.

3.18.3. Discussion

DynaBean objects come in handy when your system uses beans to represent a data model. Since abean isjust a collection
of properties, you can avoid having to maintain a bean class by automatically generating a bean from a description of the
objects and properties; for example, acomplex data model could be described in an XML document, and a utility would
parse such a document and create a number of Dynad ass objects at runtime.

A DynaBean contains the methods listed in Table 3-2. There are methods to get and set indexed and mapped properties,
and two operations—r emove() and cont ai ns( ) —allow you to manipulate the contents of amap property.

Table 3-2. Methods available on a DynaBean

M ethod Description

get (String nane) Retrieves a simple bean property
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Method Description

get(String name, int i) Retrieves an indexed been property
get(String name, String key) Retrieves a mapped bean property

set (String name, Qbject val ue) Sets a simple bean property

set(String name, int i, Qoject value) Sets an indexed bean property

set(String name, String key, Object val ue) Sets a mapped bean property

remove(String nanme, String key) Removes a key from a mapped bean property
contains(String nanme, String key) Tests amap property for the presence of akey

3.18.4. See Also

Chapter 6 combines the power of Commons Digester and Commons BeanUtils to create a utility that reads in bean
definitions from an XML document. A data model is described using an XML document, and it is realized into a set of
Dynad ass objects.

Chapter 12 discusses the power of Commons BeanUtils asit relates to working with a database. A Resul t Set Dynad ass
enables you to wrap a JDBC Resul t Set .

3.19. Getting and Setting Properties as Strings

3.19.1. Problem

Y ou heed to persist abean to atext file, or populate abean's propertiesfrom astri ng.

3.19.2. Solution

UseBeanUti | s to get and set bean properties with strings. This utility contains many of the same functions as
PropertyUtils with one maor exception; instead of returning the aj ect value of the property, Beanuti | s returns and
expects a string representation of avalue. The following code uses Beanut i | s to populate a bean that is dependent on user
input:

i mport java.util.?*;

i nport org.apache. cormons. beanutils. *;

Person person = new Person( );

person. set Age( new Integer( 45 ) );

per son. set Nane( " Donal d" );

per son. set Cccupati on( "Sal esman" );

/] Cet the Age as a String
String ageString = BeanUtils. getProperty( person, "age" );
/] Set the Age froma String
BeanUtil s. set Property( person, "age", "50" );
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3.19.3. Discussion

BeanUti | s come in handy when abean is populated from a user-supplied input like standard input or the parameters of an
HTTP request. In fact, BeanUt i | s started as the mechanism used to populate a Struts Act i onFor mfrom the contents of an
HTTP request. When the Struts Act i onSer vl et receives arequest that is mapped to an Act i on, the Acti onServi et callsa
method in Request Ut i | s, which examines the request and sets any properties on the relevant Act i onFor m Because the
inner workings of Struts are outside the scope of this book, Example 3-7 takesa st ri ng input from Syst em i n and setsthe
age property of Per son.

Example 3-7. Using BeanUtilsto populate a bean from user input

i mport java.io.*;
public class ReadAge {
public static void main (String[] args) throw Exception {
/1l Pronpt for an Age
System out. print("Enter Age: ");
/1 open up standard i nput
Buf f eredReader br =
new Buf f er edReader (new I nput St r eanReader (Systemin));
String ageString = null
ageString = br.readLine( );
[/l Set the Integer property with a String
Person person = new Person( );
BeanUtil s. set Property( person, "age", ageString );

When Beanlt i | s setsthe age property, it uses a set of registered Convert er instances that are available to trandate
between a st ri ng and an bj ect . Behind the scenes, Beanut i | s used the | nt eger Convert er classto convert the
user-supplied stri ng toan | nt eger object. For afull list of converters, read the documentation for the

or g. apache. conmons. beanuti | s. converters package

3.19.4. See Also
The BeanUtils Javadoc is available at http://commons.apache.org/beanutils/api/index.html.
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Chapter 4. Functors

4.1. Introduction

The American Heritage Dictionary definesaf unct or as"one that performs an operation or afunction,” and, in the context
of programming, afunctor is an object that encapsulates "functional logic"'—a functional object. So with a definition as
abstract as "something that does stuff," you won't find alot of satisfying, concise explanations of what a functor can do; in
the abstract, anything that performs an operation or function could be considered a functor, and the process of drawing
divisions between what should and should not be implemented with functors becomes a matter of personal preference. I'm
not going to attempt to give awell-polished, textbook definition of afunctor; this chapter simply demonstrates the set of
basic functors from Commons Collections. Functors are less of an impressive new technology and are more of an
approach to programming. Even if you are unfamiliar with the term, you've likely used functors without realizing it; two
functorsin common usage are Conpar ator and I ter at or .

Both Conpar at or and It erat or serve to isolate an algorithm; Conpar at or encapsulates logic to compare two objects, and
I'terator encapsulateslogic used to iterate over a collection of objects. Functors often lead to more code reuse and a
cleaner design because functional logic can be abstracted and extracted out of logic dealing with a specific data structure.
For example, to compare two Per son beans, you could make the Per son classimplement Conpar abl e and provide a
conpar eTo() method in the Per son class, or you could write a Per sonConpar at or , Separating the comparison logic from
the Per son class. It isthis separation of functional logic and the ability to combine functors together that make functors an
interesting solution to a number of problems, from the creation of ac osur e pipeline to aseries of Pr edi cat e objects
used to model adigital logic circuit.

Commons Collections 3.0 introduced a set of functor interfacesin the or g. apache. commons. col | ect i ons package:

Predi cat e, Transf or mer, Fact ory, and  osur e Objects. Pr edi cat e objects evaluate criteria or conditions, returning a
bool ean result. Tr ansf or mer objects create a new object based on an input object, ¢ osur e objects act on an input object,
and Fact or y objects create objects. The powerful part of functorsisn't that Commons Collections has introduced a few
new interfaces—the power is only evident once you realize how they can be used in concert with other Apache Commons
utilities such as Commons BeanUtils and Commaons Collections. Chapter 5 makes heavy use of the functors introduced in
this chapter, and Chapter 3 discusses aBeanConpar at or and aBeanPr edi cat e.

This chapter focuses on the functors introduced in Commons Collections 3.0 and also deals with improvements to the
Conpar at or interface. Commons Collections introduces some improvementsto the I t er at or interface, but, since people
usually usel ter at or objectswith Col | ecti ons, recipesinvolving | t er at or objects are in the next chapter, which covers
Java Collections. This book assumes that you are using the functors available in the 3.x release of Commons Collections.

4.1. Obtaining Commons Collections

4.1.1. Problem

Y ou need to use Commons Collections because your system could benefit from the various functor interfaces and
implementations provided by this component.

4.1.2. Solution
To use Commons Collections 3.2.1 in aMaven 2 project, add the following dependency to your project's pom xni :

74



Functors

Example 4.1. Adding a Dependency on Commons Collections

<dependency>
<gr oupl d>commons- col | ecti ons</ groupl d>
<artifactld>commons-col |l ections</artifactld>
<ver si on>3. 2. 1</ ver si on>

</ dependency>

If you are not sure what this means, I'd suggest reading Maven: The Definitive Guide. When you depend on alibrary in
Maven 2, all you need to do is add the dependency gr oupl d, arti f act I d, and ver si on t0 your project's dependencies.
Once you do this, Maven 2 will download the dependency and make it available on your project's classpath.

4.1.3. Discussion

Commons Collections was introduced as a series of utilities that augment the Java Collections API. Commons Collections
contains functors such as Pr edi cat e and C osur e, utilities for filtering and selecting elementsin a collection, and some
new collections: Bag and Buf f er . Commons Collections is as widely used as Commons BeanUtils and Commons Lang,
and with these two projects, it forms the core of the Apache Commons components.

4.1.4. See Also

For more information about the Commons Collections project, see the project page at
http://commons.apache.org/collections.

4.3. Reversing a Comparator

4.3.1. Problem

Y ou need to reverse the effects of a Conpar at or . Y ou need to return less than when this Conpar at or returns greater than,
and greater than when it returns less than.

4.3.2. Solution

Use Rever seConpar at or t0 reverse the effects of a Conpar at or . Supply an existing Conpar at or to the constructor of
Rever seConpar at or , and it reverses the effects of that Conpar at or . The following example demonstrates the use of
Rever seConpar at or t0 reverse the result of a custom MyConpar at or instance:

Conpar at or nmyConpar ator = new MyConparator( );

Conpar at or reverseConparat or = new Rever seConpar at or ( nyConpar at or );
Book bookl = new Book( );

Book book2 = new Book( );

i nt conparison = nyConparat or. conpare( bookl, book2 );

i nt reversedConpari son = reverseConparator( bookl, book2);

The value of r ever sedConpari son is sSimply the negative of conpari son; if MyConpar at or decides that book1 islessthan
book2, the Rever seConpar at or returns the opposite result—greater than. Rever seConpar at or Simply wraps the original
Conpar at or and multiplies the result by negative one.
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4.3.3. Discussion

Example 4-1 is an implementation of a Conpar at or that is reversed using the Rever seConpar at or . This Book Conpar at or

compares two Book Objects by the name and aut hor bean properties. Sorting alist of books using this Conpar at or results
in alist sorted alphabetically by book name and author name; if two books have the same name, they are sorted by author
name.

Example 4-1. A Comparator that compares Book objects by name and author

package com di scursive. jccook. col | ecti ons. conmpar e;

i mport java.util.?*;

i nport org.apache. conmons. | ang. StringUtils;

i mport org.apache. conmons. col | ecti ons. conpar at ors. Rever seConpar at or ;
publ i c cl ass BookConparator inplenents Conparator {

public int conpare(Object ol, Object 02) {
int conparison = -1;
i f( ol instanceof Book && 02 instanceof Book ) {
Book bl (Book) o1;
Book b2 (Book) o02;

String blName = bl. get Nane( );
String b2Name = b2. get Nane( );
String blAuthor = bl.getAuthor( );
String b2Aut hor = b2. get Author( );
if( StringUtils.isNotEnmpty( blNane ) &&
StringUtils.isNotEmpty( b2Name ) ) {
conpari son = blNane. conpareTo( b2Nanme );

i f( conmparison == 0 &&
StringUtils.isNotEnmpty( blAuthor ) &&
StringUtils.isNotEnmpty( b2Author ) ) {
conpari son = blAut hor. conpareTo( b2Aut hor );

}

return conpari son;

Example 4-2 sorts an array of Book objectsin reverse order.

Example 4-2. Using Rever seCompar ator to sort Book objects

package com di scursive. jccook. col | ecti ons. conpar e;
i mport java.util.*;
i mport org.apache. conmons. col | ecti ons. conpar at or s. Rever seConpar at or ;
public class ReversekExanpl e {
public static void main(String[] args) throws Exception {
Rever seExanpl e exanpl e = new Rever seExanpl e( );
exanpl e.start( );

}

public void start( ) throws Exception {
/!l Create a Reversed BookConpar at or
Conpar at or bookConpare = new BookConparator( );
Conpar at or rever seConpar at or = new Rever seConpar at or ( bookConpar af
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/] Create a List of Book objects

Li st books = new ArrayList( );

Book bookl = new Book( );

bookl. set Name( "Titl eA" );

book1l. set Aut hor ( "John" );

books. add( bookl );

Book book2 = new Book( );

book2. set Name( "TitleB" );

book2. set Aut hor ( " Donal d" );

books. add( book2 )

Book book3 = new Book( );

book3. set Nane( "Titl eA" );

book3. set Aut hor (" Doug” );

books. add( book3 );

/] Sort the List of Book objects with the Reversed BookConpar at or
Col I ections. sort( books, reverseConparator );

After Col l ections. sort( ), thebooks array is sorted in reverse alphabetical order by book name and author name:
"TitleB by Donald" followed by "TitleA by John" followed by "TitleA by Doug."

4.3.4. See Also

If you were using a simple Conpar at or t0 sort an array, you could sort and reverse the resulting array with
Arrays.reverse( ), oryoucould reverseali st with Col | ections. reverse( ).Wrapping aConpar at or in

Rever seConpar at or may help you avoid the call toreverse( ), but the benefit is miniscule. Rever seConpar at or makes
more sense when used in the context of a chai nedConpar at or ; See Recipe 4.4 for more information about the

Chai nedConpar at or .

Notethat use of StringUtils.isNot Enpty( ) isusedin BookConpar at or to check if either of the bean properties are null
or blank. This utility, isfrom stringutil s, and it isintroduced in Recipe 2.2.

4.4. Chaining Comparators

4.4.1. Problem
Y ou need to sort a collection of objects by more than one property.

4.4.2. Solution

Use Conpar at or Chai n t0 create a series of Conpar at or 0bjects that appear as a single Conpar at or . A Conpar at or Chai n
compares two objects with each Conpar at or in the chain until a Conpar at or returns a nonzero value. If a Conpar at or
returns equality (zero), the Conpar at or Chai n then moves to the next Conpar at or to obtain another comparison. The
following example demonstrates the use of chained BeanConpar at or s; if two Per son objects have the same| ast Nane, the
chain created in this example tries to compare the objects by fi r st Nane:

Person personl = new Person( );
personl. set Last Nane( "Payne" );
personl. set Fi r st Name( "Janes" );
personl. set Age( 21 );
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Person person2 = new Person( );

person2. set Last Nane( "Payne" );

person2. set Fi r st Name( "Janes" );

person2. set Age( 85 );

Person person3 = new Person( );

person3. set Last Nane( "Payne" );

person3. set Fi r st Name( " Susan" );

per son3. set Age( 29 );

Person[] persons = new Person[] { personl, person2, person3 };
Conpar at or Chai n conpar at or Chai n = new Conpar at or Chai n( ) ;

conpar at or Chai n. addConpar at or ( new BeanConparat or ( "I ast Nane" ) )
conpar at or Chai n. addConpar at or ( new BeanConparator( "firstNanme" )
conmpar at or Chai n. addConpar at or ( new BeanConparator( "age" ), true
Arrays. sort( persons, conparatorChain );

)
)

This example sorts an array of Per son objects: by | ast Nanme ascending, fi r st Name ascending, and age descending. The
sorted per sons array will be in the following order: the older James Payne, the younger James Payne, followed by Susan
Payne. The chai nedConpar at or successfully sorts two objects with the same first and last names—falling back to the age
to provide the correct sort order.

4.4.3. Discussion

A Conpar at or Chai n evaluates every Conpar at or in the chain as needed. If the current Conpar at or returns a zero, the next
Conpar at or isinvoked until there are no more Conpar at or objectsleft in the chain. If the final Conpar at or returnsazero
value, the Conpar at or Chai n returns a zero. The Conpar at or Chai n implements the Conpar at or interface and isan
aggregate of other conpar at or objects; it can be used wherever a Conpar at or is used, including array sorting and as a
Conpar at or for atree-based Col | ect i on implementation.

The Rever seConpar at or (introduced in Recipe 4.3) makes more sensein light of the Conpar at or Chai n. If you need to
sort a collection of objects for display, you might want to reverse a particular Conpar at or in aConpar at or Chai n. In the
previous example, there are two people named "James Payne": oneis 21 and the other is 85. Y our application respects age
and you want to put the older James Payne in front of the younger James Payne in the sorted list. Sorting by | ast Nare
ascending, fi r st Nane ascending, and age descending calls for the last Conpar at or in the chain to be reversed; the
following code calls addConpar at or ( ) with a second parameter, t r ue, causing the BeanConmpar at or for age to be
reversed with Rever seConpar at or :

conpar at or Chai n. addConpar at or ( new BeanConparator( "age" ), true );

The previous statement is equivalent to the following code:

conpar at er Chai n. addConpar at or ( new Rever seConpar at or
(new BeanConpar at or ("age") );

Using a Conpar at or Chai n may remind you of the way aresult set is sorted in a SQL SELECT statement. This recipe's
Solution implements the following SQL statement in a Conpar at or Chai n:

SELECT * FROM person ORDER BY | ast Name ASC, firstName ASC, age DESC

Where to Sort?
In many organizations, there is a debate over where to sort datain an application: should sorting be done in the
database or in an application server? The answer depends on a number of factors, but, now that you have seen how a

78



Functors

Conpar at or Chai n Works, you can implement any complex sort in Java. The use of a Conpar at or Chai n is especially
relevant if you are writing a web application that presents a sortable table and you have decided to implement
sorting logic in your presentation layer. If you are sorting beans, load your data into a collection and use a

Conpar at or Chai n made up of BeanConpar at or s.

4.4.4. See Also

The BeanConpar at or Was introduced in the previous chapter; for more information, see Recipe 3.10. The
Rever seConpar at or Was introduced in Recipe 4.3.

4.5. Comparing Nulls

45.1. Problem

Y ou heed to sort an object array that containsnul I elements, and you want to have control over whether the nul I values
are at the beginning or end of a sorted array.

4.5.2. Solution

Wrap your Conpar at or inanNul | Conpar at or from Commons Collections. The Nul | Conpar at or can sort nul | values
higher or lower than non-nul I values, depending on options passed into the constructor. The following example shows a
custom Book Conpar at or Wrapped with aNul | Conpar at or :

i mport org. apache. commons. col | ecti ons. conpar at ors. Nul | Conpar at or ;
i mport java.util.*;
Conpar at or bookConpar at or = new BookConparat or ( ) ;
Conpar at or nul | Conpar at or = new Nul | Conpar at or ( BookConpar at or );
Book[] bookArray = new Book[] { new Book( ), null, new Book( ) };
Arrays.sort( bookArray, null Conparator );

This example sorts an array of Book objects, placing nul | at the end of the sorted array; after the sort, bookAr r ay contains
two Book Objects at index zero and index one and anul | reference at index two.

Tip
If aConpar at or does not handlenul | values gracefully, wrap it in aNul | Conpar at or and avoid a
Nul | Poi nt er Except i on.

4.5.3. Discussion

To configure Nul | Conpar at or t0 sort nul | values as lessthan non-nul | values, passf al se to the constructor of
Nul | Conpar at or ; to sort nul | values as greater than non-nul | values, passt rue. By default, nul I values are sorted
higher:

/1 null is less than non-nul
Conmpar at or nul | Conparator = new Nul | Conpar at or ( bookConpar at or, false )
/!l null is greater than non-null (default)
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Conpar at or nul | Conpar at or = new Nul | Conpar at or ( bookConparator, true );

While the Nul | Conpar at or usually decorates another instance of Conpar at or , the Nul | Conpar at or can aso be used by
itself to compare nul I and non-nul | objects, asin the following example:

Conpar at or nul | H ghConpar at or = new Nul | Conparator( );
Conpar at or nul | LowConpar at or = new Nul | Conpar at or (f al se) ;
/!l Returns 1

nul | H ghConpar at or . conpare( null, new Doubl e(3.0) );

/!l Returns -1

nul | LowConpar at or. conpare( null, new Doubl e(3.0) );

/1l Returns O

nul | LowConpar at or. conpare( null, null );

45.4. See Also

Both Rever seConpar at or and Nul | Conpar at or are objects that decorate an existing Conpar at or . Take note of the
decorator pattern asit is acommon pattern used throughout Commons Collections. For more information about the
decorator design pattern, read Design Patterns: Elements of Reusable Object-Oriented Software (Addison Wesley).

4.6. Fixed-Order Comparison

4.6.1. Problem
Y ou heed to sort a collection of objects that have a preestablished order, such as the days of the week or the order of
planetsin the solar system.

4.6.2. Solution

UseFi xedOr der Conpar at or in Commons Collections. When using Fi xedOr der Conpar at or , you supply an array of
objectsin a sorted order and the Conpar at or returns comparison results based on the order of the objectsin thisarray. The
following example uses a fixed string array to compare different Olympic medals:

i mport java.util.?*;

i mport org. apache. conmons. beanuti | s. BeanConpar at or ;

i mport org. apache. commons. col | ecti ons. conpar at or s. Fi xedOr der Conpar at or ;
String[] nedal Order = {"tin", "bronze", "silver", "gold", "platinun};

Conpar at or nmedal Conpar at or = new Fi xedOr der Conpar at or ( nedal Or der );

Conpar at or at hl et eConpar at or = new BeanConparat or ( "nedal ", nedal Conparator );
Athlete athletel = new Athlete( );

Athlete athlete2 = new Athlete( );

i nt conpare = nmedal Conpar at or. conpare( athl etel. get Medal ( ),

at hl ete2. get Medal () );

In this code, aFi xedOr der Conpar at or compares two At hl et es by the value of the nedal property. The nedal property
can be"tin," "bronze," "silver," "gold," or "platinum,” and aFi xedOr der Conpar at or usesthe order of the medal O der
array to compare these values. The nedal Or der array establishes afixed relationship between the three medal types;
"bronze" islessthan "silver," which islessthan "gold."
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4.6.3. Discussion

Use Fi xedOr der Conpar at or When sorting an array or a collection that contains values that are ordered in a pre-determined
fashion: days of the week, planetsin the solar system, colors in the spectrum, or hands dealt in a poker game. One way to
sort an array containing the days of the week would be to assign a numerical value to each day—"Monday" is one,
"Tuesday" istwo, "Wednesday" is three, etc. Then you could sort the array with a Conpar at or that takes each day's name,
sorting elements based on the numerical value corresponding to aday's name. An aternative is the use of

Fi xedOr der Conpar at or , letting the comparator order objects based on the order of an array of day names.

If abean contains a property to be sorted according to afixed-order array, you can use the BeanConpar at or in conjunction
with Fi xedOr der Conpar at or . The following example sorts cards by value and suit using aFi xedOr der Conpar at or and a
BeanConpar at or ; A Pl ayi ngCar d object, defined in Example 4-3, is sorted according to the order of two arrays—one for
the face value of the Pl ayi ngcCar d and one for the suit of the Pl ayi ngCar d.

Example 4-3. A bean representing a playing card

package org. di scursive. jccook. col | ecti ons. conpar e;
public class PlayingCard( ) {
public static String JOKER VALUE = nul | ;
public static String JOKER SU T = nul | ;
private String val ue;
private String suit;
public PlayingCard( ) {}
public PlayingCard(String value, String suit) {
t hi s. val ue = val ue;
this.suit = suit;
}
public String getValue( ) { return value; }
public void setValue(String value) { this.value = value; }
public String getSuit( ) { return suit; }
public void setSuit(String suit) { this.suit = suit; }
public String toString( ) {
String cardString = "JOKER';
if( value '= null && suit !'= null ) {
cardString = value + suit;
}

return cardString;

Example 4-4 creates a Conpar at or Chai n Of BeanConpar at or s, which comparesthe val ue and sui t propertiesusing a
Fi xedOr der Conpar at or . Each card's suit is compared first, and, if two cards have the same suit, they are compared by
face value. Jokers do not have suits or aface value, and this example handles jokers with anul | -valued sui t and val ue
property by wrapping each Fi xedOr der Conpar at or with @aNul | Conpar at or .

Example 4-4. Combining FixedOrder Comparator with BeanCompar ator, NullCompar ator, and
ComparatorChain

package com di scursive. jccook. col | ecti ons. conpar e;

i mport java.util.ArraylList;

i mport java.util.Conparator;

i mport java.util.List;

i mport org.apache. conmons. beanuti | s. BeanConpar at or ;

i mport org.apache. conmons. col | ecti ons. conpar at ors. Nul | Conpar at or ;

i mport org.apache. cormons. col | ecti ons. conpar at or s. Fi xedOr der Conpar at or ;
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i nport org. apache. conmons. col | ecti ons. conpar at or s. Conpar at or Chai n;
public class Fi xedO der Exanpl e {
/] Suit order "Spades", "C ubs", "D anpnds", "Hearts"
private String[] suitOrder = { "S*, "C', "D', "H' };
private String[] val ue&rder ={ "2", "3*, "4", "5, "e", "7, "8",
"9", "10", "J", "Q@', "K', "A" };
public static void main(String[] args) {
Fi xedOr der Exanpl e exanpl e = new Fi xedOr der Exanpl e( ) ;
exanpl e.start( );

public void start( ) {
Li st cards = new ArrayList( );
cards. add( Pl ayingCard( "J", "C' ) );
cards. add( Pl ayingCard( "2", "H' ) );
cards. add( Pl ayi ngCard( Pl ayi ngCard. JOKER _VALUE, Pl ayi ngCar d.
JOKER SUIT) ) ;

cards. add( Pl ayingCard( "2", "S" ) );
cards. add( PlayingCard( "Q', "S" ) );
cards. add( Pl ayi ngCard( "4", "C'" ) );

cards. add( Pl ayi ngCard( "J", "D' ) );

Systemout.println( "Before sorting: " + printCards( cards ) );

/|l Create a null-safe suit order conparator that will conpare the

/] suit property of two Java beans

Conpar at or suit Conparator = new Fi xedOr der Conpar at or ( sui tOrder );

sui t Conpar at or new Nul | Conpar at or ( sui t Conparator );

sui t Conpar at or new BeanConparator( "suit", suitConparator );

[/l Create a null-safe value order conparator that will conpare the

/1 value property of two Java beans

Conpar at or val ueConpar at or = new Fi xedOr der Conpar at or ( val ueOrder );

val ueConpar at or = new Nul | Conpar at or ( val ueConparator );

val ueConpar at or new BeanConpar ator ( "val ue", val ueConparator );

[/l Create a chain of conparators to sort a deck of cards
Conpar at or cardConpar at or = new Conpar at or Chai n( ) ;
car dConpar at or . addConpar at or ( sui t Conpar ator );
car dConpar at or . addConpar at or ( val ueConparator );
Col I ections.sort( cards, cardConparator );

Systemout.println( "After sorting: " + printCards( cards ) );

= [

}
private String printCards( List cards ) {

StringBuffer resultBuffer = new StringBuffer( );
Iterator cardliter = cards.iterator( );
whil e( cardlter.hasNext( ) ) {
Pl ayi ngCard card = (PlayingCard) cards.next( );
resul tBuffer.append( " " + card.toString( ) );
}

return resul tBuffer.toString( );

This example sortsthe P ayi ngCar d objects and produces the following output:

Before sorting: JC 2H JOKER 2S QS 4C JD
After sorting: 2S QS 4C JC JD 2H JOKER

Thelist is sorted such that all the cards of a similar suit are grouped together—spades are less than clubs, clubs are less
than diamonds, and diamonds are less than hearts. A sorted collection of cardsis grouped by suits, and, within each suit,
cards are organized according to face value—2 islow and acesis high. The order used in the sorting is captured in two
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fixed-order arrays, sui t or der and f acer der . If ashuffled deck were used in the example, it would end up as a perfectly
sorted deck of cards.

Example 4-4 ties anumber of simple Conpar at or s together to perform afairly complex sort. A Fi xedOr der Conpar at or iS
wrapped in aNul | Conpar at or , which is then wrapped with aBeanConpar at or . These BeanConpar at or instances are then
combined in a Conpar at or Chai n. The use of Nul | Conpar at or With aBeanConpar at or isrecommended to avoid a

Nul | Poi nt er Except i on from BeanConpar at or ; BeanConpar at or iSnot designed to handle nul | -valued bean properties,
and it throws an exception if you ask it to play nice with nul I s.

4.6.4. See Also

BeanConmpar at or isdiscussed in Recipe 3.10. This helpful utility isindispensable if you are working with systems that
need to sort JavaBeans.

For more information about the Conpar at or Chai n object, see Recipe 4.4. For more information on the Nul | Conpar at or ,
see Recipe 4.5.

4.7. Using Simple Predicates

4.7.1. Problem

Y ou need to perform logic that is predicated on a certain condition being satisfied, and you want to encapsulate this
condition in an object.

4.7.2. Solution

Use aPredi cat e to evaluate a criteriaor acondition. A Pr edi cat e is an object that evaluates another object and returns
true Or f al se; predicates are used throughout the Commons Collections packages for filtering, selecting, and validating
the contents of collections. This code demonstrates the use of simple predicates to test the type and contents of an object:

i mport org.apache. conmons. col | ecti on. Predi cat e;

i nport org. apache. conmons. col | ection. functors. *;

String nane = "Tinl;

Predi cat e naneJohn = new Equal Predi cate( "John" );

Predi cate nameTi m = new Equal Predi cate( "Tin );

Predi cate i nstanceString = new | nstanceof Predi cate( String.class );
Predi cat e i nstanceDoubl e = new | nst anceof Predi cat e( Doubl e. cl ass );
/1 Testing all predicates for "Tint

Systemout.println( "Is Nane John?: " + naneJohn.eval uate( nane ) );
Systemout.printin( "Is Name TinP: " + nanmeTi meval uate( nanme ) );
Systemout.println( "Is this a String?: " + instanceString.evaluate( nane ) );
Systemout.println( "Is this a Double?: " + instanceDoubl e.eval uate( nanme ) );

The previous exampl e tests the nane object against afew Pr edi cat e implementations producing the following console
output:

Is Name John?: false

Is Nanme TinP: true

Is this a String?: true
Is this a Doubl e?: false

The string "Tim" is subjected to various Pr edi cat e tests. The first two Equal Predi cat e objects test the contents of the
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string, returning t r ue if the object being evaluated is equal to the object passed into the Equal Pr edi cat e's constructor.
The last two Pr edi cat e Objectsare | nst anceof Pr edi cat e instances, which test the type of object being evaluated; if an
I nst anceof Predi cat e constructor is passed to the st ri ng class, it returnst r ue if the object being evaluated isa

java.l ang. String type.

4.7.3. Discussion

The simple Pr edi cat e interface is central to a number of utilities introduced in this chapter. To implement Pr edi cat e,
define an eval uat e() method that returns abool ean; aPr edi cat e isafunction object (or functor) that captures acriteria
in an abject that can be created and altered at runtime. Creating and evaluating a Pr edi cat e isjust as valid as writing an

i f statement; for example, the code in the Solution of this recipe could have been implemented as a series of i f
statements:

String name = "Tin';
i f( name.equal s( "John" ) ) {
System out.println( "The name is John." );

i f( name.equals( "Tinm ) ) {
Systemout.println( "The nane is Tim" );

i f( nane instanceof String ) ) {
Systemout.println( "name is as String object" );

i f( name instanceof Double ) ) {
Systemout.println( "nane is as Doubl e object" );

}

Predi cat e instances capture ani f statement in an object, and if you are going to constantly change the behavior of your
application, you might want to consider placing conditional expressionsin Pr edi cat e instances. For example, if asystem
is designed to classify a storm as being a hurricane, you may want to capture all of your classification criteriain an XML
file—parsing thisfile at runtime and creating a series of Pr edi cat e objects. A storm is a hurricane when the winds exceed
acertain value, and the barometric pressure falls below a certain point. But, in afew years those criteria might change to
involve anew, or more complex, set of measurements. If your decision logic is encapsulated in aPr edi cat e object, it will
be easier to upgrade the program to take new criteriainto account; all of thislogic will be encapsulated in an instance of
Predi cate.

Commons Collections provides a number of basic predicates for common situations, such as testing to seeif an object
equals another object (Equal Predi cat ), or that an object is of acertain type (I nst anceof Predi cate). Table 4-1 listsa
number of simple Pr edi cat e implementations.

Table 4-1. Predicate implementations

Name Description

Equal Predi cate Compares each object to an object passed viaa
constructor—returning true if the two are equal.

I dentityPredicate Returnstrue if the object being evaluated is the same
object reference as the object passed to its
constructor. Thel denti t yPredi cat e usesthe ==
operator to compare two object references.




Functors

Name Description
Not Pr edi cat e Wraps a Pr edi cat e and returns the opposite result.
I nst anceO Predi cat e Returnst r ue if the object being evaluated matches

the type passed into its constructor.

Nul | Predi cat eNul | I sTruePr edi cat e Returnstrue if the object being evaluated isnul I .
Not Nul | Pr edi cat eNul | | sFal sePredi cate Returnstrue if the object being evaluated is not nul | .
TruePredi cate Alwaysreturnst r ue.

Fal sePredi cate Alwaysreturnsf al se.

Uni quePr edi cat e Returnstrue if it isthefirst time a particular object

has been evaluated. The Uni quePr edi cat e maintains
aHashset of objectsit has evaluated; if an object is
aready in that HashSet , this Pr edi cat e returns

fal se. Uni quePr edi cat e can be used to select
distinct objects from a collection.

The following example demonstrates simple Pr edi cat e objects with atest for equality, inequality, and equality by
identity:

i nport org.apache. cormons. col | ecti ons. Predi cat e;
i mport org. apache. conmons. col | ecti ons. functors. *;

String testName = "Ben";

Predi cate equal s = new Equal Predi cate( testNane );

Predi cat e not Equal s = new Not Predi cate( equals );

Predicate identity = new IdentityPredi cate( testNane );

System out. println( "Does name equal 'Ben' ? " + equal s.evaluate( "Ben" ) );
Systemout.printin( "Is object "Ben'? " + identity.evaluate( testNanme ) );
Systemout.println( "Does nane equal 'Tim? " + equals.evaluate( "Tim ) );
System out. println( "Does name not equal 'Tim? " + notEqual s.

evaluate( "Tinm ) );

Systemout.printin( "Is object "Timi? " + identity.evaluate( "Tim ) );

This code demonstrates the use of Predi cat e objects to determine if objects are equal or if two object references reference
the same instance. When executed, the following is output to the console:

Does nane equal 'Ben'? true

I s object 'Ben'? true

Does nane equal 'Tim ? false
Does nane not equal 'Tim? true
Is object 'Tim? fal se

The following code demonstrates simple predicates that test for the presence or absence of nul | or if an object being
evaluated is of a certain type. The example also demonstrates the use of a uni quePr edi cat e that returnst r ue when it
encounters an object for the first time:

i nport org.apache. cormons. col | ecti ons. Predi cat e;
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i nport org. apache. conmons. col | ecti ons. functors. *;
String null String = null;

Doubl e t est Doubl e =

new Doubl e(3. 4) ;

Predi cate isString = new I nstanceof Predi cate( String.class );
Predi cate i sLong = new I nstanceof Predi cate( Long.class );
Predi cate i sNunmber = new I nst anceof Predi cate( Nunber.class );
Predi cate i sNot Nul I = Not Nul | Predi cat e. | NSTANCE;

Predicate isNull = Null Predicate.| NSTANCE;

Predi cat e uni que = new Uni quePredi cate( );

Systemout.printin("" nullString' not null?: " + isNotNull.

eval uate(nul I String));

Systemout.printin("" nullString" null?: " + isNull.evaluate(null String));
Systemout.println("'testDouble' a String?: " + isString.

eval uat e(t est Doubl e));
Systemout.println("'testDouble' a
Systemout.println("'testDouble a

eval uat e(t est Doubl e));

Long?: " + islLong. eval uate(testDouble));
Nunber ?: " + isNunber.

Systemout.println("" A Unique?: " + unique.evaluate("A"));
Systemout.println(""C Unique?: " + unique.evaluate("C"));
Systemout.println("" A Unique?: " + unique.evaluate("A"));
Systemout.println(""'B Unique?: " + unique.evaluate("B"));

The sample evaluates objects against the | nst anceof Pr edi cat e, the Nul | Predi cat e, the Not Nul | Predi cat e, and the
Uni quePr edi cat e, and the following is output to the console:

"nul Il String' not null?: fal se
"nul Il String' null?: true
"testDoubl e’ a String?: false
'testDoubl e' a Long?: false
‘testDoubl e a Nunmber?: true
"A" Uni que?: true

'C Unique?: true

"A" Unique?:. false

"B'" Uni que?: true

The Uni quePr edi cat e returnsf al se the second time it encounters"A." The Doubl e object t est Doubl e is shown to be a
Nurber object, and thenul I Stri ng isevaluated as hon-nul | .

4.7.4. See Also

This recipe mentions function pointersin C and C++. Function pointers are pointers to the address of a function, and they
allow for someinteresting logical acrobatics. For more information about function pointersin C and C++, see
http://www.function-pointer.org/.

Predi cat e, O osur e, and Transf or mer are all functor objects that are used throughout the Commons Collections
component. Y ou may be familiar with functorsif you have used the Standard Template Library (STL) in C++. STL
documentation contains rigorous definitions for function objects and predicates. For more information about functorsin
STL, see http://www.sgi.com/tech/stl/functors.html.

4.8. Writing a Custom Predicate

4.8.1. Problem
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Y ou heed to evaluate an object to seeif it meets criteria, and you want to capture these criteriain a custom Pr edi cat e.

4.8.2. Solution

Implement the Pr edi cat e interface and capture your logic in an eval uat e( ) method. Example 4-5isasimple Pr edi cat e
implementation that always returnst r ue; it isintended as a basic example of how to implement the Pr edi cat e interface.

Example 4-5. A simple Predicate implementation

i mport org. apache. conmons. col | ecti ons. Predi cat e;
public class SinplePredicate inplenents Predicate {
publ i ¢ bool ean eval uat e(Cbj ect object) {
/1 do sonething
bool ean result = true
return result;

4.8.3. Discussion

Predi cat es can be used in any number of situations, such as validating user input, filtering acol 1 ecti on, or just asa
replacement for complex conditional logic. A Predi cat e can be as ssmple or as complex as you need it to be; the only
contract it must satisfy is the production of abool ean result from an eval uat e( ) method.

To demonstrate the process of writing afairly complex implementation of the pr edi cat e interface, a contrived exampleis
developed in Example 4-6. Y our application evaluates the condition of the space shuttle and makes a determination for
launch—go or no go. Some of the criteriainclude the temperature of the launch pad, the status of the crew, and the
presence (or absence) of fuel. In the end, your bossis looking for thumbs up or thumbs down, and you decide to write a
program that returns abool ean decision. This decision isimplemented in the LaunchPr edi cat e class.

Example 4-6. Implementing the Predicateinterface

package com di scursive. jccook. col | ecti ons. predi cat e;
i nport org.apache. cormons. col | ecti ons. Predi cat e;
public class LaunchPredi cate inplenments Predicate {
publ i ¢ LaunchPredicate( ) {}
publ i ¢ bool ean eval uat e(Cbj ect object) {
bool ean | aunchGo = fal se;
LaunchStats stats = (LaunchStats) object;
bool ean crewReady = stats.isCrewPresent( ) && stats.isCrewHeal thy( );
bool ean fueled = stats.isShuttl eFuel ed( ) && stats.
i sFuel I gnitionReady( );
bool ean wi t hi nLaunchW ndow = stats.isLaunchW ndowOpen( );
bool ean properWat her =
( stats.tenperature( ) > 35 ) &&
( !'stats.isLightningDangerPresent( ) );
/] Check the crew, fuel, and | aunch tinme
if( crewReady && fuel ed &% w t hi nLaunchW ndow ) {
| aunchGo = true
}
/] COverride a GO decision if the weather is bad
i f( !properWather ) {
| aunchGo = fal se;
}
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return | aunchGo;

A shuttle launch is predicated on the presence and health of the crew, the state of the fuel, and the time of the launch
event. A final weather check is performed to ensure that the temperature of the shuttle is not below 35 degrees Fahrenheit.
If thiscritical temperature limit is not met, the Pr edi cat e overrides the previous decision to launch. Using a

LaunchPr edi cat e encapsulates your decision logic in one object, making it easier to upgrade, maintain, and test this
decision process. Y our unit tests can pass amock object to this predicate, testing every possible permutation of possible
inputs. The following example demonstrates the use of the Launchpr edi cat e:

LaunchPr edi cat e | aunchDeci si on = new LaunchPredi cate( );
LaunchStats stats = neasurelLaunchStatistics( );
i f( launchDeci sion. evaluate( stats ) ) {
Systemout.println( "W are Go for Ignition." );
} else {
Systemout.println( "Abort mission." );
}

4.8.4. See Also

The real Space Shuttle Launch Team has the outrageously complex job of monitoring and controlling every aspect of
launching a spacecraft, and I'm sure that NASA doesn't implement the Pr edi cat e interface from Commons Collections.
Whileit isn't related to the topic of open source Java programming, it is afascinatingly complex piece of software that
maintains a shuttle launch. It iswritten in something called high-order assembly language/shuttle (HAL/S). If you are
interested in learning more about one of the most complex pieces of software, take alook at NASA's Space Shuttle
Launch Team website at http://science.ksc.nasa.gov/shuttle/countdown/launch-team.html. (Besides, I'm sure you are
amused that NASA controls spacecraft with an assembly language known as HAL.)

This recipe mentions the use of amock object to test aPr edi cat e. One of the attractions of using a Pr edi cat e to
encapsulate any complex condition is the ability to write atest for this condition logic; nock obj ect s are amethod of unit
testing that involves passing a mock implementation of an object to aclassi n atest. For more information about mock
objects, see http://www.mockobjects.com/.

4.9. Creating Composite Predicates

4.9.1. Problem

Y ou heed to perform complex conditional logic using multiple Pr edi cat e objects, and you need to combine and expose
multiple criteria as one Pr edi cat e.

4.9.2. Solution

To combine severa Pr edi cat e instances, create aPr edi cat e to capture each portion of a compound condition, and
combine each condition with AndPr edi cat e, Or Predi cat e, Al | Predi cat e, OnePr edi cat e, AnyPredi cat e, OF

NonePr edi cat e. All of these predicate implementations are used to combine the results of multiple predicates—creating a
compound predicate. The following code demonstrates the use of the AndpPr edi cat e, Or Predi cat e, Al | Predi cat e, and
OnePredi cate:
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i mport org.apache. conmons. col | ecti ons. Predi cat e;

i mport org.apache. conmons. col | ecti ons. functors. *;

/] Create Base Predicates

Predicate i sTim= new Equal sPredi cate("Ti m');

Predi cate i sDoubl e = new I nst anceX Predi cat e( Doubl e.cl ass );

Predicate i sNot Null = Not Nul | Predi cat e. | NSTANCE;

Predi cate[] predicates = new Predicate[] { isTim isDouble, isNotNull };

/] Create 2 argunent |ogical predicate conposites
Predi cate andPredi cate = new AndPredicate( isTim isNotNull );
Predi cate orPredicate = new OPredicate( isTim isNotNull );
/] Create n-argunent |ogical predicate conposites
Predicate all Predicate = new Al |l Predi cate( predicates );
Predi cate onePredi cate = new OnePredi cate( predicates );

Systemout.printin( "' Tim and not null?: " + andPredicate.
evalute( "Tim' ) );
Systemout.printin( "' Tim or not null?: " + andPredicate.

eval ut e(new Long(3)));
Systemout.printin( "' Tim, not null, and Doubl e?:

+ al | Predi cate. eval uate( "Inpossible" ) );
Systemout.println( "XOR ('Tim, not null, or Double?):

+ al | Predi cate. eval uate( "Inpossible" ) );

This example creates the following output:

'"Tim and not null?: true

"TimM or not null?: true

"Tim, not null, and Doubl e?: false
XOR('Tim, not null, or Double?): true

4.9.3. Discussion

An AndPr edi cat e returnst r ue if both predicates supplied to its constructor returnt r ue, and an O Pr edi cat e returnst r ue
if at least one of the two predicates passed to its constructor returnst rue. An Al | Predi cat e takes an array of predicates,
only returning t r ue if every predicate evaluatesto t r ue. The OnePr edi cat e also takes an array of predicates, only
returning t r ue if exactly one predicate evaluatestot r ue.

In the code sample, the use of the second to last predicate, Al | Predi cat e, iSimpossible to satisfy; an object can never be a
St ri ng and aDoubl e at the same time. This example fails to demonstrate AnyPr edi cat e and NonePr edi cat e—both take
an array of predicates. AnyPr edi cat e returnst r ue if any of the predicates evaluate to t r ue, and NonePr edi cat e returns

t rue only if none of the predicates evaluate to t r ue. The behavior of these objectsis easily inferred from the names: And,
Or, All, One, Any, or None.

Any logical expression can be modeled by connecting Pr edi cat e objects together— similar to the way that simple logic
gates are connected to create complex digital logic. Logical inputs (1 and 0) are routed to logic gates (AND, OR, NOR,
NAND, XOR, etc.), and the outputs of alogic circuit are aresult of stages that perform the same function as the

Predi cat e objectsintroduced in thisrecipe. In the next example, alogic circuit will be used to demonstrate a complex
hierarchy of predi cat e objects; acircuit diagram is drawn, and a series of predicates are developed to model this circuit.
Figure 4-1 contains alogical expression that isimplemented with digital logic and Pr edi cat e objects.

Figure4-1. Logical expression to be modeled with Predicate

Assuming that every letter correspondsto abool ean variable, this expression corresponds to the circuit diagram in Figure
4-2. Each gate can be modeled as a composite pr edi cat e, and from Figure 4-2 it is clear that this example will include
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two AndPr edi cat es, an O Pr edi cat e, and aNot Pr edi cat e. The "AND" gate is modeled with an AndPr edi cat e, and an
"OR" gate with an O Pr edi cat e. The "NAND" gate is transformed into a three-input "AND" gate followed by an inverter
that is modeled with an Al | Pr edi cat e wrapped in aNot Pr edi cat e.

Figure 4-2. Circuit representing logical expression

The system has five inputs, which will be stored in avap with five keys: A, B, C, D, and E. A simple | nput Pr edi cat e iS
devel oped to handle the inputs to the system—a map of Bool ean input objectsis passed to the top-level Predi cate. An

I nput Predi cat e is configured to evaluate the input Map and return the bool ean value of one of the inputs; in other words,
an | nput Pr edi cat e Selectsabool ean value from a map, always returning the value of that input from the Map it evaluates.
(See Example 4-7.)

Example 4-7. InputPredicate: a predicate that selectsan input from a Map

package com di scursive. jccook. col | ecti ons. predi cat e;
i nport org.apache. commons. col | ecti ons. Predi cat e;
public class InputPredicate inplenents Predicate {
private String inputKey;
publ i ¢ Bool eanPredi cate(String inputKey) {
thi s.inputKey = inputKey;

publ i ¢ bool ean eval uat e(Cbj ect object) {
bool ean satisfies = fal se;
Map i nput Map = (Map) obj ect;
Bool ean i nput = (Bool ean) i nput Map. get( inputKey );
if( input '= null ) {
sati sfies = input.bool eanVal ue( );
}

return satisfies;

The entire circuit is modeled by one top-level predi cat e and aMap of Bool ean input signalsis passed down a hierarchy of
predicates as needed. Unlike areal circuit, where inputs would cause gates to fire sequentially, the predicate hierarchy is
evaluated from the final stage backward—the example evaluates the Pr edi cat e variableci rcui t . Theinput mapis
passed to the top-most Pr edi cat e, which, in turn, passes this same map to the Pr edi cat e that precedes it in the circuit.
Example 4-8 ties everything together, and the logic to create our circuit-modeling predicate has been confined to the

creat ePr edi cat e() method.

Example 4-8. Implementing a multilevel composite Predicate

package com di scursive. jccook. col | ecti ons. predi cat e;
i mport org.apache. conmons. col | ecti ons. Predi cat e;
i nport org.apache. cormons. col | ecti ons. functors. *;
public class ConpoundPredi cat eExanpl e {
public static void main(String[] args) {
ConmpoundPr edi cat eExanpl e exanpl e = new ConpoundPr edi cat eExanpl e( ) ;
exanpl e.start( );
}
public void start( ) {
Predicate circuit = createPredicate( );
bj ect[] inputsArray =
new Gbject[][] { {"A", Bool ean. TRUE},
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{"B", Bool ean. FALSE},
{"C', Bool ean. TRUE},
{"D', Bool ean. FALSE},
{"E", Bool ean. FALSE} };
Map inputs = ArrayUtils.toMap( inputsArray );
bool ean result = circuit.evaluate( inputs );

Systemout.println( "The circuit fired?: " + result );

}
public Predicate createPredicate( ) {

Predi cate aPredicate new | nput Predi cate("A");

Predi cate bPredicate new | nput Predi cate("B");

Predi cate cPredicate new | nput Predi cate("C");

Predi cate dPredicate new | nput Predi cate("D");

Predi cate ePredicate new | nput Predi cate("E");

Predi cate expressionl new AndPredi cate( aPredicate, bPredicate );

Predi cat e expressi on2 new Or Predicate( cPredicate, dPredicate );
Predi cate[] secondLevel =

new Predicate( ) { expressionl, expression2, ePredicate };

Predi cate topLevel = new Not Predi cate( secondLevel );
return toplLevel ;

This code prints The circui t fired?: true. Thiscomplex example has demonstrated the process of modeling composite,
multistage logic with a hierarchy of predicates. A predi cat e isthe most basic functor and when combined with other
Predi cat e instances, there is no limit to the level of complexity that can be achieved. Logic circuits were used in this
example because alogic gateis agreat analogy for apr edi cat e. Think of aPredi cat e as acomponent—agatein alogic
circuit.

4.10. Transforming Objects

4.10.1. Problem
Y ou heed to perform a transformation, taking an object and creating a new object.

4.10.2. Solution

Implement the Tr ansf or ner interface. A Tr ansf or mer takes an object and returns a new object instance. The following
example demonstrates the j oi nAr ny Transf or mer ; thetransforn{ ) method takes aRecr ui t object instance and returns
asol di er object:

i nport org. apache. conmons. col | ecti ons. Tr ansf or ner ;
Transforner joinArny = new Transfornmer( ) {
public Cbject transforn(Object input) {
Recruit recruit = (Recruit) input;
Boot Canp. obst acl eCourse( recruit );
Sol di er sol di er = Boot Canp. graduate( recruit );
}

}

Recruit recruitl = new Recruit("Pat T.");

Systemout.println( "Status before transfornation: + recruit );
Sol dier soldierl = (Soldier) joinArnmy.transform recruitl );
Systemout.println( "Status after transformation: " + soldier );
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A Recruit object ispassed tothej oi nArny. transforn( ) method, and aSol di er object is returned. The state of the
recruit andsol di er instances are printed before and after the transformation:

Status before transformation: Pat T., Recruit
Status after transfornmation: Pat T., Soldier

4.10.3. Discussion

This object isolates and encapsulates a transition; a system that needs to trand ate between two domain models or two
object types should encapsulate such atransition in aTr ansf or mer . Tr ansf or mer may be something of a misnomer. When
an object undergoes a transformation, it is common to think of an object being modified or acted upon, but thisis contrary
to the design of the Tr ansf or mer interface. The Javadoc for Tr ansf or mer expressly states, "The original object isleft
unchanged." Figure 4-3 illustrates the smplej oi nAr my Transf or ner .

Figure 4-3. Diagram of the joinArmy Transfor mer

4.11. Creating a Chain of Transformations

4.11.1. Problem

Y ou have a series of transformations and you need to chain them together, passing the output of one stage to the input of
the next.

4.11.2. Solution

Create multiple implementations of Tr ansf or mer , and chain them together with Chai nedTr ansf or mer . A

Chai nedTr ansf or mer takesan array of Transf or mer objects, passing the output of each Tr ansf or ner to the next
Transf or mer in the chain. The following example demonstrates a Chai nedTr ansf or mer With two Tr ansf or mer stages.
Thefirst stage, mul ti pl y, multiplies a number by 100, and the second stage, i ncr enent , adds one to the result from the
first stage:

i mport org.apache. conmons. col | ecti ons. Tr ansf or ner ;
i mport org. apache. conmons. col | ecti ons. funct or s. Chai nedTr ansf or ner ;
Transformer multiply = new Transformer( ) {
public Object transfornm Object input) {
Long nunber = (Long) i nput;
return( new Long( nunber.longValue( ) * 100 ) );
}
}
Transformer increnent = new Transforner( ) {
public Object transform Object input) {
Long nunber = (Long) input;
return( new Long( nunber.longValue( ) + 1) );
}
}
Transformer[] chai nEl ements = new Transformer[] { multiply, increnent };
Transfornmer chain = new Chai nedTr ansf or ner ( chai nEl enents );
Long original = new Long( 34 );
Long result = chain.transforn( original );
Systemout.println( "Original: " + original );
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Systemout.println( "Result: " + result );

The Transf or mer chain takesthe Long instanceori gi nal and transformsit into a result:

Oiginal: 34
Resul t: 3401

4.11.3. Discussion

Since aTransf or mer leavesthe input parameter passed to t r ansf or n{ ) intact, this two-stage Chai nedTr ansf or mer
creates a new instance of Long for each stage in the Chai nedTr ansf or mer . A Long is passed to thefirst stage, nul ti pl y,
which transforms 34 to 3400. The result from the first stage, 3400, is then passed to the second stage, i ncr enent , which
produces the final Long result, 3401. A real example would involve more complex implementations of Tr ansf or nmer, but
this simple example demonstrates the mechanics of creating a simple pipeline of transformations, one leading to another.
Figure 4-4 illustrates the simple structure of thistwo-staged chai nedTr ansf or ner .

Figure 4-4. A ChainedTransformer with two Transformers

4.12. Applying Conditional Transformations

4.12.1. Problem
Y ou need to perform a different transformation depending on a series of conditions or cases.

4.12.2. Solution

Use aswi t chTransf or mer to apply aTransf or ner that is dependent on a pr edi cat e. A Swi t chTransf or mer modelsa
swi t ch statement, and it takes three parameters. an array of Pr edi cat e instances, an array of Tr ansf or mer instances, and

adefault Tr ansf or mer . Example 4-9 usesa Swi t chTr ansf or mer to apply adifferent Tr ansf or mer implementation to odd
and even numbers.

Example 4-9. Using a SwitchTransformer

Tr ansf ormer oddTransform = new Transforner( ) {
public Object transfornm Cbject input) {
| nt eger nunber = new I nteger( input );
return ( new Integer( nunber.intValue( ) * 2 );
}
}

Transf ornmer evenTransform = new Transformer( ) {
public Object transfornm Cbject input) {
I nt eger nunber = new Integer( input );
return ( new I nteger( nunber.intValue( ) * 3 );
}
}

Predi cate i sEven = new Predicate( ) {
publ i c bool ean eval uat e( Cbj ect input) {
| nt eger nunber = (Integer) input;
return( nunber.intValue( ) %2 == 0 );
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}

}

Predi cate i sOdd = new Not Predi cat e(i sEven);
Predicate[] pArray = new Predicate[] { isQdd, isEven };
Transforner[] tArray = new Transforner[] { oddTransform evenTransform};
Transf orm predi cat eTransform =

new Swi tchTransform pArray, tArray, new NOPTransformer( ) );

I nt eger one new I nteger( 1 );

I nt eger two new I nteger( 2 );

Integer three = new Integer( 3 );

Integer four = new Integer( 4 );

Systemout.println( "Transformof 1 =" + predicateTransform
transforn( one ) );

Systemout.println( "Transformof 2 =" + predicateTransform
transform two ) );

Systemout.println( "Transformof 3 =" + predicateTransform
transfornm( three ) );

Systemout.println( "Transformof 4 =" + predicateTransform

transform( four ) );

If an object being transformed satisfiesthei sdd Pr edi cat e, it is passed to the oddTr ansf or mTr ansf or mer . |f an object
being transformed satisfiesthei sEven Predi cat e, it is passed to the evenTr ansf or mPr edi cat e. |f the object satisfies
neither Pr edi cat e, it is passed to an instance of NOPTr ansf or ner , which isaTr ansf or mer implementation that returns the
object passedtotransforn( ):

Tr ansf or m of
Tr ansf or m of
Tr ansf or m of
Tr ansf or m of

[ (||
P OoOON

A WNPE

4.12.3. Discussion

The array of Predi cat e instances and the array of Tr ansf or mer instances passed to the constructor of Swi t chTr ansf or ner
must be of equal length. The swi t chTr ansf or mer evaluates each of the Predi cat e instancesin the array. If apredi cate
evaluatestot r ue, the Swi t chTr ansf or mer retrievesthe Tr ansf or mer that corresponds to the matching Pr edi cat e. If no
Predi cat e evaluatestot r ue, the Swi t chTr ansf or mer passes the object being transformed to the third parameter—the
default Tr ansf or mer . In Example 4-9, the default Tr ansf or mer was a NOPTr ansf or mer , which isa Tr ansf or mer
implementation that performs no transformation and returns the object passed to t r ansf or n( ) . Figure 4-5 illustrates the
Swi t chTransf or mer from the Solution; the two Pr edi cat e instances correspond to two Tr ansf or mer instances.

Figure 4-5. A SwitchTransform with two Predicate instances, two Transformer instances, and a default
Transformer

4.13. Writing a Closure

4.13.1. Problem
Y ou need a functor that operates on an object.
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4.13.2. Solution

Use ad osur e to encapsulate a block of code that acts on an object. In this example, adi scount d osur e Operateson a
Product object, reducing the price by 10 percent:

Cl osure discount = new Closure( ) {
int count = O;
public int getCount( ) { return count; }

public void execute(Object input) {
count ++;
(Product) product = (Product) input;
product . setPrice( product.getPrice( ) * 0.90 );
}
}

Product shoes = new Product( );
shoes. set Nane( "Fancy Shoes" );
shoes. set Price( 120.00 );

Systemout. println( "Shoes before discount: " + shoes );
di scount . execut e( shoes );
Systemout. println( "Shoes after discount: " + shoes );

di scount . execut e( shoes );

di scount . execut e( shoes );

Systemout.println( "Shoes after " + discount.getcount( ) +
' discounts: " + shoes );

The example prints out the original cost of shoes ($120) and then proceeds to discount shoes and print out the discounted
price. The Product object, shoes, ismodified by the di scount d osur e three separate times:

Shoes before discount: Fancy Shoes for $120.00
Shoes after discount: Fancy Shoes for $108. 00
Shoes after 3 discounts: Fancy Shoes for $87.48

4.13.3. Discussion

A d osur e operates on the input object passed to the execut e( ) method, while a Tr ansf or mer does not alter the object
passedtotransforn( ).Used osure if your system needsto act on an object. Like the Tr ansf or mer and Predi cate
interfaces, there are a number of c osur e implementations that can be used to chain and combine d osur e instances.

4.14. Chaining Closures

4.14.1. Problem

An object needs to be acted on by a series of A osur e instances.

4.14.2. Solution

Use Chai nedd osur e to create achain of d osur e instances that appearsasasingle d osur e. A Chai nedd osur e takesan
array of d osur e objects and passes the same object sequentially to each A osur e in the chain. This example sends an
object through a Chai nedd osur e containing two stages that modify different properties on the object:

Closure fuel = new Cosure( ) {
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public void execute(Qbject input) {
Shuttle shuttle = (Shuttle) input;
shuttl e. set Fuel Percent ( 100.0 );
}
}
Cl osure repairShielding = new dosure( ) {
public void execute(Obhject input) {
Shuttle shuttle = (Shuttle) input;
shuttl e. set Shi el di ngReady( true );

}
}

Cl osure[] cArray = new G osure[] { repairShielding, fuel };
Cl osure prelLaunch new Chai nedCl osure( cArray );

Shuttl e endeavour new Shuttle( );

endeavour . set Name( " Endeavour" );

Systemout.println( "Shuttle before preLaunch: " + shuttle );
preLaunch. execut e( endeavour );
Systemout.println( "Shuttle after preLaunch: " + shuttle );

A shut t| e object is passed through a chai nedd osur e, pr eLaunch, which consists of the stagesf uel and
repai r Shi el di ng. These two d osur e objects each modify the internal state of the shut t I e object, which is printed out
both before and after the execution of the pr eLaunch d osure:

Shuttl e before preLaunch: Shuttle Endeavour has no fuel and no shi el di ng.
Shuttl e before preLaunch: Shuttle Endeavour is fueled and is ready for reentry.

4.14.3. Discussion

This example should remind you of Recipe 4.11. When chaining Tr ansf or ner objects, the result of each transformation is
passed between stages—the results of stage one are passed to stage two, the results of stage two are passed to stage three,
and so on. A Chai nedd osur e is different; the same object is passed to each d osur e in sequence like a car moving
through afactory assembly line.

4.15. Modeling Conditional Statements with Closures

4.15.1. Problem
Y ou need to model a conditional statement with functors.

4.15.2. Solution

Usean | fd osure, supplying aPr edi cat e and two C osur e objects. If the Predi cat e evaluatesto t r ue, the first d osure
is executed; if the Pr edi cat e evaluatesto f al se, the second d osur e is executed. The following closure deals with a
financial decision; apr edi cat e, i sW nni ng, evaluates a St ock object. If the purchase priceisless than the current price,
the stock isawinner, causing the buy C osur e to be executed. If the purchase price is higher than the current price, the
stock isaloser and it issold by passing it tothesel | C osure:

Closure sell = new Cosure( ) {
public void execute(Object input) {
Stock stock = (Stock) input;
stock. sel | ( stock. get Shares( ) );
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Systemout.printin( "\tSold all shares" );

}
}

Cl osure buy = new C osure( ) {
public void execute(Obhject input) {
Stock stock = (Stock) input;
i nt buyShares = stock.getShares( ) * 0.10;
st ock. buy( buyShares );
System out. println( "\tBought

+ buyShares );
}
}

Predi cate i sWnning = new Predicate( ) {
publ i c bool ean eval uat e(Cbj ect object) {

Stock stock = (Stock) object;

i f( stock.getPurchasePrice( ) < stock.getCurrentPrice( ) ) {
System out. println( stock.getSynbol( ) + " is a winner";
return true;

} else {
Systemout.println( stock.getSynbol( ) + " is a |loser";
return false;

}
}
Ol osure stockAction = new | fd osure( i sWnning, buy, sell );
St ock yahoo = new Stock("YHOO');
yahoo. set Pur chasePrice( 10.0 );
yahoo. set CurrentPrice( 20.0 );
yahoo. set Shares( 100 );
Stock tibco = new Stock("TIB");
ti bco. set PurchasePrice( 50.0 );
tibco.setCurrentPrice( 30.0 );
ti bco. set Shares( 50 );
/1l Execute the IfC osure, take action on stocks based on performance

st ockActi on. execut e( yahoo );
st ockActi on. execute( tibco );

The example evaluates two stocks, awinner and aloser. The following output is generated:

YHOO i s a wi nner
Bought 10 shares
TIBis a |loser
Sold Al Shares

4.15.3. Discussion

Because an | f G osur e is an implementation of ad osur e, you can nest | f d osur es within other 1 f d osures. The
following code uses the d osur e objects and the Pr edi cat e defined in the Solution, adding athird d osur e, i sUnchanged,
to create anested | f O osur e- - sel | O Hol d:

Predi cate i sUnchanged = new Predicate( ) {
publ i c bool ean eval uat e(Cbj ect object) {
Stock stock = (Stock) object;
i f( stock.getPurchasePrice( ) == stock.getCurrentPrice( ) ) {
System out . println( stock.getSynbol( ) + " is unchanged";
return true;

}

return fal se;
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}
}
Closure sell O Hold = new I fd osure( isUnchanged, new NOPCl osure( ), sell );
Cl osure stockAction = new | fC osure( i sWnning, buy, sellOHold );
Stock tibco = new Stock("TIB");
ti bco. set PurchasePrice( 50.0 );
tibco.setCurrentPrice( 30.0 );
ti bco. set Shares( 50 );
Stock |ucent = new Stock("LU");
ti bco. set PurchasePrice( 30.0 );
tibco.setCurrentPrice( 30.0 );
ti bco. set Shares( 150 );
st ockActi on. execute( tibco );
st ockActi on. execute( lucent );

When st ockAct i on is executed, and a St ock does not satisfy thei sw nni ng Predi cat e, it is passed to thesel | O Hol d
C osure, Whichisanother | f  osure. Thesel | O Hol d O osur e then evaluates the St ock to seeif itisaloser or
unchanged. If the stock price is unchanged, it is passed to aNOPC osur e, which performs no operation on the st ock
object. If the stock price is less than the purchase price, the St ock is passed to thesel | d osure.

4.16. Modeling Loops with Closures

4.16.1. Problem

Y ou need to execute ad osur e multiple times.

4.16.2. Solution

Useawi | ed osure, passing in aPredi cat e and ad osur e. The whi | ed osur e will executethe d osure aslong asa
Predi cat e evaluatestot r ue. The following example demonstrates ad osur e named dr i ve, which operates on a Car
object and a Pr edi cat e named hasFuel , which evaluates the car object. Each time acar ispassedtodri ve, agallon of
fuel isused, and hasFuel will evaluatetotrue if the amount of fuel in acar is greater than zero. The whi | ed osure,
useAl | Fuel , evaluatesdri ve until hasFuel evaluatestof al se:

i mport org.apache. conmons. col | ecti ons. Cl osur e;
i nport org.apache. conmons. col | ecti ons. Predi cat e;
i mport org. apache. conmons. col | ecti ons. funct ors. Wi | ed osur e;
Closure drive = new Closure( ) {
public void execute(Object input) {
Car car = (Car) input;
car.setFuel ( car.getFuel( ) - 1);
}
}
Predi cate hasFuel = new Predicate( ) {
publ i ¢ bool ean eval uat e( Obj ect object) {
Car car = (Car) input;
return car.getFuel ( ) > 0;
}
}
Cl osure useAl |l Fuel = new Wil eFuel ( hasFuel, drive );
Car car = new Car( );
car. set MakeMbdel ( "Ford Escort" );

car.set Fuel ( 20 );
Systemout.println( "Car before while closure:

+ car );
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useAl | Fuel . execute( car );
Systemout.println( "Car after while closure: " + car );

The whi | ed osure, useAl | Fuel , takesacCar object, executing ad osur e and evaluating a Pr edi cat e after every
execution. The state of the car is printed both before and after it is passed to the whi | ed osure:

Car before while closure: Ford Escort with 20 gall ons of fuel.
Car after while closure: Ford Escort with no fuel.

4.16.3. Discussion

If you need to execute ad osur e aset number of times, you can also use aFor d osur e, passing in ani nt that specifies
the number of times an object is passed to the execut e( ) method of ad osur e. Thisexample usesthe same d osure
defined in the Solution, but, thistime, the dri ve d osur e is only executed five times:

Cl osure driveSone = new ForC osure( 5, drive );
Car car = new Car( );
car . set MakeModel ( "Toyota Canry" );
car.set Fuel ( 20 );

Systemout.println( "Car before for closure: " + car );
dri veSone. execute( car );
Systemout.println( "Car after for closure: " + car );

Sincethedri veSone d osur e is caled only five times, the Camry still has 15 gallons after the For d osur e is executed:

Car before for closure: Toyota Cantry with 20 gal |l ons of fuel.
Car after for closure: Toyota Cantry with 15 gal |l ons of fuel.
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Chapter 5. Collections

5.1. Introduction

Java 2 Standard Edition (J2SE) introduced the Collections APl—a dramatic improvement over Vect or and Hasht abl e in
Java1l.1. Thisnew API provides Set, Li st, Map, and I t er at or interfaces with various implementations addressing
different needs for different applications. Despite the additions and improvements, there are still gaps in the Java's
Collections API—functionality that is addressed by a supplemental library, Commons Collections. Most of the features
introduced in Commons Collections are easily anticipated extensions of the Java 2 platform: areversible Conpar at or or a
Bag interface, for example. Other concepts in Commons Collections are innovative additions to the J2SE—predicated
collections, self-validating collections, set operations, and lazy collections using transformers. Commons Collections 3.0
also introduces the concept of functors (see Chapter 4).

Java 5.0 (ak.a. Tiger) hasintroduced a number of new language features and improvements to the Collections API. A
Queue class and type-safe generics are two major additions that will become available to most programmers with the
production-ready release of 5.0. Some recipesin this chapter introduce utilities that overlap the functionality of 5.0, and, if
arecipeintroduces a utility with an analog in 5.0, an effort has been made to identify any opportunity to achieve the same
result with new 5.0 classes and features.

5.1. Obtaining Commons Collections

5.1.1. Problem

Y ou heed to use Commons Collections because your application makes heavy use of Col | ect i on objects, and you wish to
use some of the utilities provided by this component.

5.1.2. Solution
To use Commons Collections 3.2.1 in aMaven 2 project, add the following dependency to your project's pom xni :

Example 5.1. Adding a Dependency on Commons Coallections

<dependency>
<gr oupl d>commons- col | ecti ons</ gr oupl d>
<artifactld>commons-col |l ections</artifactld>
<versi on>3. 2. 1</ ver si on>

</ dependency>

If you are not sure what this means, 1'd suggest reading Maven: The Definitive Guide. When you depend on alibrary in
Maven 2, all you need to do is add the dependency gr oupl d, arti fact | d, and ver si on to your project's dependencies.
Once you do this, Maven 2 will download the dependency and make it available on your project's classpath.

5.1.3. See Also

For more information about the Commons Collections project, see the project page at
http://commons.apache.org/collections.
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5.2. Using a Looping lterator

5.2.1. Problem

Y ou need to loop through the contents of a Col | ect i on.

5.2.2. Solution

Use alLoopi ngl terat or to repeatedly iterate through the contents of acCol | ect i on. Pass an existing Col | ect i on to the
constructor of Loopi nglterator,andcaliterator( ). Thefollowing code usesaLoopi nglt erat or to retrieve five
itemsfrom aLi st with threeitems:

List drivers = new ArrayList( );

drivers.add( "Chris" );

drivers.add( "Sean" );

drivers.add( "Kathy" );

Loopi nglterator | oopinglterator = new Loopinglterator( drivers );

for( int i =1; i <=5; i++ ) {
String driver = (String) |oopinglterator.next( );
Systemout.println( "Driver for Day " + i + ": " + driver );
}

The previous exampl e simulates the selection of adriver in a car pool with three drivers. Five drivers are selected, and the
Loopi ngl t erat or returnsthefirst itemintheLi st on the fourth day:

Driver for Day 1. Chris
Driver for Day 2: Sean
Driver for Day 3: Kathy
Driver for Day 4: Chris
Driver for Day 5: Sean

5.2.3. Discussion

Keep in mind that aLoopi ngl t er at or never stops iterating; hasNext () alwaysreturnstrue inaLoopi nglterator. If
you are using a Loopi ngl t er at or With awhi | e loop, be sure to code an exit condition. A Loopi ngl t er at or iS appropriate
for asituation in which a series of values must be repeatedly evaluated, or aloop of commands must be repeatedly
executed. An application, for example, may have a series of components that need to be continuoudly updated, or a series
of queues or buffers that need to be continuously tested or monitored—an event loop, for example.

The Loopi ngl t er at or aso implements the Commons Collections interface Reset t abl el t er at or ; this extension of the
I'terator interface can be reset to start at the beginning of acol | ecti on. When using aReset t abl el t er at or, call
reset () tojump back to the beginning of acol | ecti on:

List items = new ArrayList( );

itenms.add( "lItem 1" );

items.add( "ltem 2" );

itenms.add( "Item 3" );

Loopi nglterator iterator = new Loopinglterator( items );
/1l Print out two elenents fromthe Loopinglterator
Systemout.println( iterator.next( ) );
Systemout.println( iterator.next( ) );

/] Reset iterator to start of List

Systemout.println( "Reset" );
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iterator.reset( );

/1l Print out two elenents fromthe Loopinglterator
Systemout.println( iterator.next( ) );
Systemout.println( iterator.next( ) );

This example iterates over the first two elementsin aLi st before callingreset ( ). After callingreset ( ), the code calls
next () twice, printing out the first two elements, as shown below:

ltem 1
Item 2
Reset
Item 1
Item 2

5.2.4. See Also

Recipe 5.3 deals with another implementation of Resett abl el t erat or, ArrayLi st | t er at or , which can be used to iterate
over asubset of elementsin an Arr aylLi st .

5.3. Iterating Over an ArrayList

5.3.1. Problem

Y ou need to iterate over aportion of an ArrayLi st . For example, you have an ArrayLi st with 30 elements, and you need
to iterate from index O to index 20.

5.3.2. Solution

Usean ArrayLi st terator to iterate through a specified region of an ArrayLi st . Thisimplementation of I terat or is
constructed with areferenceto an ArrayLi st and two optional parameters that specify the start and end of an iteration.
This example demonstrates the use of ArrayLi st | t er at or to iterate over the 3rd, 4th, and 5th elements of an Arr ayLi st :

String[] strings = new String[] { "A', "B', "C', "D', "E', "F" };
List list = new ArrayList( Arrays.asList( strings ) );
Iterator iterator = new ArraylListlterator( list, 3, 6 );
while( iterator.hasNext( ) ) {

int index = iterator.nextlndex( );
String element = (String) iterator.next( );
Systemout.printin( "Elenent at " + index + ": " + elenment );

}

ArrayListlterator asoalowsyou to obtain theindex of an element during an iteration. In the previous example,
i terator.next!|ndex() returnstheindex of the element returned by the subsequent call toi terat or. next ( ). The code
above iterates through three elements of the Ar r ayLi st , producing the following output:

El enrent at 3: D
El enrent at 4: E
El enrent at 5: F
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5.3.3. Discussion

Y ou can construct an ArrayLi st |t er at or With up to three arguments. The first argument isthe Arr ayLi st to be iterated
over. The second optional argument specifies the inclusive start index, and the third optional argument specifies the
exclusive end index. If only two parameters are supplied to the constructor, the ArrayLi st I t er at or Will iterate until the
end of the ArrayLi st isreached. The following code demonstrates the three constructors of ArrayLi st terator:

String[] strings = new String[] { "A", "B", "C', "D, "E', "F' },
List list = new ArrayList( Arrays.asList( strings ) );

/] lterate over all elenents

Iterator iteratorl = new ArraylListliterator( list );

/I lterate over "C', "D', "E', "F"

Iterator iterator2 = new ArraylListlterator( list, 2 );

/] lterate over "B', "C', "D

Iterator iterator3 new Arraylistlterator( list, 1, 4 );

Arraylistlterator implementsthe Resett abl el t er at or interface, which provides one function: reset ( ). The

reset () method takes the iterator back to the beginning of an iteration. After areset, acall to next ( ) returnsthe first
element that an ArrayLi st I t erat or has been configured to return—the element at the index specified in the constructor's
optional second parameter. An ArrayLi st terat or aso providesaway to set the current element: theset ( ) method
takes an object parameter and changes the contents of the underlying Ar r ayLi st . The following example demonstrates
boththereset ( ) andset () methodson ArrayListlterator:

String[] strings = new String[] { "A', "B, "C', "D', "E", "F" };

List list = new ArraylList( Arrays.asList( strings ) );

Systemout.println( "Original List: " + Arrays.toString( list.toArray( ) );
Resettabl elterator iterator = new ArraylListlterator( list, 2 );

/1 Retrieve an Elenent fromthe List

int index = iterator. nextlndex( );

String elenent = (String) iterator.next( );
Systemout.printin( "Elenent at " + index +
/1 Set the Current El enent

iterator.set( "G' );

Systemout.println( "Mdifying index: " + index + " to G');
/] Retrieve the Next Elenent fromthe List
i ndex = iterator. nextlndex( );

element = (String) iterator.next( );
Systemout.println( "Elenent at " + index +
/1 Set the Current El enent

iterator.set( "H' );

Systemout.println( "Mdifying index: " + index + " to H');

/] Reset the Iterator (Go to beginning of iteration)

iterator.reset( );

Systemout.println( "Reset" );

i ndex = iterator.nextlndex( );

element = (String) iterator.next( );

Systemout.println( "Elenent at " + index + ": " + elenment );
Systemout.println( "Mdified List: " + Arrays.toString( list.toArray( ) );

+ el enent );

+ el ement );

This example iterates through the Ar r ayLi st , modifying two elements before calling reset ( ) . The following output
shows that after areset ( ), thefirst element returns the value, which was supplied toset ( )

Oiginal List: {A B CDEF}
El enent at 2: C

Modi fying index: 2 to G

El enent at 3: D

Modi fying index: 3 to H
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Reset
El enrent at 2: G
Modi fied List: {A B, GHE,F}

5.3.4. See Also

If you need to iterate over an array or an object array, use two related implementations of 1t erat or: Arrayl terator and
Obj ect Arrayl t er at or . See the Commons Collections project page at http://commons.apache.org/collections for more
information about these I t er at or implementations.

5.4. Filtering a Collection with a Predicate

5.4.1. Problem

Y ou need to iterate through elements of acol | ecti on that match a specified condition. Or, you have a Col | ect i on from
which you need to remove elements not satisfying a condition.

5.4.2. Solution

CreateaFil terlterator With apredicat e; if the Predi cat e returnst r ue for an element, that element will be included
inthelterator. TheFilterlterator decoratesanother | terator and providesthe ability to apply an arbitrary filter to a
Col | ecti on. In the following example, Eart hQuake beans are kept in an Arr ayLi st that isfiltered using the

maj or QuakePredicate andaFilterlterator:

i nport org.apache. conmons. col | ecti on. Predi cat e;
i mport org.apache. commons. col l ection.iterators.Filterlterator;
Li st quakes = new ArrayList( );
Eart hQuake quakel = new Eart hQuake( );
guakel. set Locati on( "Chicago, IL" );
quakel. setlntensity( new Float( 6.4f ) );
guakel. setlntensity( new Float( 634.23f ) );
quakel. set Time( new Date( ) );
guakes. add( quakel );
Eart hQuake quake2 = new Eart hQuake( );
guake?2. set Locati on( "San Franci sco, CA" );
guake2.setlntensity( new Float( 4.4f ) );
guake2. setlntensity( new Float( 63.23f ) );
quake2. set Time( new Date( ) );
quakes. add( quake2 );
Predi cat e maj or QuakePredi cate =
new Maj or QuakePr edi cat e( new Fl oat (5. 0), new Fl oat (1000.0) );
Iterator maj or Quakes =
new Filterlterator( quakes.iterator( ), nmjorQuakePredicate );
whi | e( maj or Quakes. hasMre( ) ) {
Eart hQuake quake = (EarthQuake) maj or Quakes. next( );
System out . println( "ALERT! MAJOR QUAKE: "
+ quake.getlLocation( ) + ": " + quake.getlntensity( ) );

}

Aninstance of Maj or QuakePr edi cat e iscreated, and it is passed to aFi | ter | t er at or . Quakes satisfying the criteriaare
returned by theFil teriterator and printed to the console:
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ALERT! MAJOR QUAKE: Chicago, IL: 6.4

5.4.3. Discussion

The Solution uses a custom Pr edi cat e to Select a subset of acol | ecti on, filtering Ear t hQuake beans and alerting the user
if amajor earthquake is measured. An earthquake is classified by intensity on the Richter scale and the depth of the
epicenter; thisinformation is modeled by the Ear t hQuake bean defined in Example 5-1.

Example 5-1. An EarthQuake bean

package com di scursive. jccook. col | ections. predi cat es;
public class EarthQuake {

private String | ocation;

private Float intensity;

private Float depth

private Date tine;

public class Eart hQuake( ) {}

public String getLocation( ) { return |ocation; }

public void setLocation(String |ocation) { this.location = |ocation; }
public Float getlntensity( ) { return intensity; }

public void setlnsensity(Float intensity) { this.intensity = intensity; }
public Float getDepth( ) { return depth; }

public void setDepth(Float depth) { this.depth = depth; }

public Date getTinme( ) { return tine; }

public void setTine(Date tinme) { this.time = tine; }

An earthquake is considered major if it is above afive on the Richter scale and above a depth of 1000 meters. To test each
Ear t hQuake Object, a custom Pr edi cat e, Maj or QuakePr edi cat e, evaluates Ear t hQuake objects, returning t r ue if an
earthquake satisfies the criteriafor amajor earthquake. The Pr edi cat e defined in Example 5-2 encapsulates this decision
logic.

Example 5-2. Major earthquake classification Predicate

package com di scursive. jccook. col | ections. predi cat es;
i nport org.apache. cormons. col | ecti ons. Predi cat e;
public class Maj or QuakePredi cate i npl enents Predicate {
private Float majorintensity;
private Float maj or Dept h;
publ i c Maj or QuakePredi cate(Fl oat nmajorlntensity, Float majorDepth) {
this.majorlntensity = majorlntensity;
thi s. maj or Depth = maj or Dept h;
}

publ i ¢ bool ean eval uat e( Obj ect object) {
private satisfies = fal se;
i f( object instanceof EarthQuake) {
Eart hQuake quake = (EarthQuake) object;
i f( quake.getlntensity( ).floatValue( ) > majorintensity.
fl oat Val ue( ) &&
guake. get Dept h( ).fl oat Val ue( ) < maj or Dept h.
floatValue( ) ) {
satisfies = true;
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}

return satisfies;

If you want to create aCol | ect i on of elements that match aPr edi cat e, you can remove elements from a Col | ect i on
using Col I ectionWils.filter( ).CollectionUtils.filter( ) isdestructive; it removeselementsfroma

Col | ect i on. The following example demonstrates the use Col | ecti onUtils. filter() toremove nonmatching elements
fromacol | ection:

i nport org.apache. conmons. col | ecti on. Predi cat e;
i mport org.apache. commons. col l ection.iterators.Filterlterator;
ArraylLi st quakes = createQuakes( );
Predi cat e nmaj or QuakePredi cate =
new Maj or QuakePr edi cate( new Float(5.0), new Fl oat (1000.0) );
CollectionUils.filter( quakes, majorQuakePredicate );

After the execution of this code, quakes will only contain Ear t hQuake objects that satisfy the Maj or QuakePr edi cat e . If
you don't want to alter or modify an existing Col | ecti on, USe Col | ectionUtils. sel ect () Of

Col l ectionUtils. sel ect Rej ected() tO createanew Col | ecti on with matching or nonmatching elements. The
following example demonstrates the use of Col | ectionUtils. select( ) and Col | ectionltils. sel ect Rej ected( ) tO
select elements from aCol | ect i on leaving the original Col | ect i on unaffected:

i mport org.apache. conmons. col | ecti on. Predi cat e;
i mport org.apache. commons. col l ection.iterators. Filterlterator;
ArraylLi st quakes = createQakes( );
Predi cat e maj or QuakePredi cate =
new Maj or QuakePr edi cat e( new Fl oat (5.0), new Fl oat (1000.0) );
Col I ection maj or Quakes = Col | ectionUtils. sel ect( quakes, major QuakePredi cate
Col |l ection m nor Quakes =
Col l ectionUils. sel ect Rej ect ed( quakes, nmj or QuakePredi cate );

The maj or Quakes Col | ecti on contains Ear t hQuake objects satisfying the maj or QuakePr edi cat e, and the ni nor Quakes
Col | ect i on contains Ear t hQuake Objects not satisfying the maj or QuakePr edi cat e. The quakes Li st ishot modified by
select( ) OrselectRejected( ).

5.4.4. See Also

Collections can befiltered viaa combination of Col 1 ecti onUti | s and Predi cat e objects, or you can also select elements
fromacol I ecti on using an XPath expression. Recipe 12.1 demonstrates the use on Commons JX Path to query a
Col | ecti on.

5.5. Iterating Through Distinct Elements

5.5.1. Problem
Y ou need to iterate over the unique elementsin acol | ecti on.
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5.5.2. Solution

Use auni queFi | terlterator to iterate over distinct elements contained in aCol | ect i on. Uni queFi | terlterator Wraps
another instance of 1t er at or , keeping track of all the objects returned by that I t er at or . When calling next ( ) ona

Uni queFi I terlterator , only objects not yet encountered are returned. The following example demonstrates the use of
Uni queFi | terlterator tofind unigue elementsinaldist:

i mport org.apache. conmons. col | ections.iterators. Uni queFilterlterator;

String[] nedals = new String[] { "gold", "silver", "silver", "gold", "bronze" }

Li st nedal sList = Arrays. asList( nedals );

Iterator uniquelterator = new UniqueFilterlterator( medal sList.iterator( ) );

whi | e( uni quelterator. hasNext( ) ) {
System out. println( "Uni que Medal :

}

+ uni quelterator.next( );

Uni queFi | terlterator iteratesover aLi st of strings, returning one copy of each distinct element;

Uni queFi I terlterator usestheequal s( ) andhashCode( ) methodsto compare objectsin the Col | ecti on passed to
the constructor. Equal objects with equal hash codes are removed. As shown by the output produced by the example, the
Uni queFi I terlterator printsout only the three distinct medals in the nedal sLi st : "gold," "silver,"” and "bronze":

Uni que Medal : gol d
Uni que Medal : silver
Uni que Medal : bronze

5.5.3. Discussion

The building blocks for uni queFi | ter It erat or have aready been introduced. Fi | ter | terator wasintroduced in Recipe
5.4, and uni quePr edi cat e iSaPredi cat e that keegpstrack of objectsit has evaluated in aHashSet . A

Uni queFi I terlterator istheequivalent of aFilterlterator withauni quePredi cat e. Asthe following code
demonstrates, the example from the Solution can be implemented with aFi I teriterat or and apredi cat e:

i mport org.apache. conmons. collections.iterators.Filterlterator;
i nport org.apache. conmons. col | ecti ons. functors. Uni quePr edi cat e;
String[] nedals = new String[] { "gold", "silver", "silver", "gold", "bronze" }
Li st nmedal sList = Arrays. asList( nedals );
Iterator uniquelterator =
new Filterlterator( nedal sList.iterator( ), new Uni quePredicate( ) );
whi l e( uniquelterator. hasNext( ) ) {
System out. println( "Uni que Medal

+ uni quelterator.next( );

}

5.5.4. See Also
For more information about the Uni quePr edi cat e see Recipe 4.7.

5.6. Using a Bag

5.6.1. Problem

Y ou need to find out how many times an object occurs within acol | ecti on, and you need a Col | ect i on that letsyou
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manipulate the cardinality of objectsit contains.

5.6.2. Solution

Use aBag. A Bag can store the same object multiple times while keeping track of how many copies it contains. For
example, aBag object can contain 20 copies of object "A" and 50 copies of object "B," and it can be queried to see how
many copies of an object it contains. Y ou can aso add or remove multiple copies of an object—add 10 copies of "A" or
remove 4 copies of "B." The following example creates a Bag and adds multiple copies of two St ri ng objects:

i mport org. apache. conmons. col | ecti ons. Bag;

i nport org. apache. conmons. col | ecti ons. bag. HashBag;

Bag bag = new HashBag( );

bag. add( "TEST1", 100 );

bag. add( "TEST2", 500 );

i nt test1lCount = bag. get Count ( "TEST1" );

int test2Count = bag. get Count( "TEST2" );

Systemout.println( "Counts: TEST1l: " + testlCount + ", TEST2: " + test2Count );
bag. renove( "TEST1", 1 );

bag. remove( "TEST2", 10 );

int testl1lCount = bag.get Count( "TEST1" );

i nt test2Count = bag. get Count ( "TEST2" );

Systemout.println( "Counts: TEST1: " + testlCount + ", TEST2: " + test2Count );

This example put 100 copies of the st ri ng "TEST1" and 500 copies of the st ri ng "TEST2" into aHashBag. The contents
of the Bag are then printed, and 1 instance of "TEST1" and 10 instances of "TEST2" are removed from the Bag:

Count s: TEST1: 100, TEST2: 500
Counts: TEST1: 99, TEST2: 490

5.6.3. Discussion

Bag has two implementations—HashBag and Tr eeBag—Wwhich use a HashMap and a Tr eeMap to store the contents of aBag.
The same design considerations apply to Bag that apply to Map. Use HashBag for performance and Tr eeBag when it is
important to maintain the order that each distinct object was added to aBag. A Tr eeBag returns unique objects in the order
they were introduced to the Bag.

To demonstrate the Bag object, a system to track inventory is created using aBag as an underlying data structure. An
inventory management system must find out how many copies of a product are in stock, and aBag is appropriate because
it allows you to keep track of the cardinality of an object in acol | ecti on. In Example 5-3, arecord store tracks an
inventory of albums, consisting of 200 Radiohead albums, 100 Kraftwerk albums, 500 Charlie Parker albums, and 900
ABBA albums.

Example 5-3. Using a Bag to track inventory

package com di scursi ve. jccook. col | ecti ons. bag;
i mport j ava.text. Nunmber For mat ;
i mport java.util.Collection;
import java.util.lterator;
i mport java.util. Set;
i nport org.apache. conmons. col | ecti ons. Bag;
i mport org.apache. conmons. col | ecti ons. bag. HashBag;
i nport org. apache. commons. | ang. StringUtil s;
public class BagExanpl e {
Bag i nventoryBag = new HashBag( );
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/1 Define 4 Al buns
Al bum al bundl new Al bunm( "Radi ohead", "OK Conputer" );
Al bum al bun® new Al bum( "Kraftwerk", "The Man- Machi ne" );
Al bum al bun8 new Al bum( "Charlie Parker", "Now s the Tine" );
Al bum al bum4 = new Al bum( "ABBA", "ABBA - Gold: Geatest Hits" );
public static void main(String[] args) {

BagExanpl e exanpl e = new BagExanpl e( );

exanpl e.start( );

}

private void start( ) {
/1 Read our inventory into a Bag
popul at el nventory( );
Systemout.println( "Inventory before Transactions" );
print Al bums( i nventoryBag );
print Separator( );
/[l A Custoner wants to purchase 500 ABBA, 2 Radi ohead, and 150 Parker
Bag shoppi ngCart1l = new HashBag( );
shoppi ngCart 1. add( al bum4, 500 );
shoppi ngCart 1. add( al bunB8, 150 );
shoppi ngCart 1. add( al buml, 2 );
checkout ( shoppi ngCart 1, "Custonmer 1" )

/1 Anot her Custoner wants to purchase 600 copi es of ABBA
Bag shoppi ngCart2 = new HashBag( );

shoppi ngCart 2. add( al bumd, 600 );

checkout ( shoppi ngCart2, "Custoner 2" );

/1 Anot her Custoner wants to purchase 3 copies of Kraftwerk
Bag shoppi ngCart3 = new HashBag( );

shoppi ngCart 3. add( al bun2, 3 );

checkout ( shoppi ngCart3, "Custoner 3" );

Systemout.println( "lInventory after Transactions" );
print Al buns( inventoryBag );

}

private void popul atel nventory( ) {
// Adds items to a Bag
i nvent oryBag. add( al buni, 200 );
i nvent or yBag. add( al bun2, 100 );
i nvent oryBag. add( al bunB, 500 );
i nvent or yBag. add( al bum4, 900 );

}

private void printAl buns( Bag al bunmBag ) {
Set al bums = al bunBag. uni queSet ( ) ;
Iterator albumterator = albuns.iterator( );
whil e( al bunm terator. hasNext( ) ) {
Al bum al bum = (Al bum) al bur terator.next( );
Nunber For mat format = Nunber For mat . get | nst ance( );
format.set M ni num ntegerDigits( 3 );
f ormat . set Maxi munfracti onDigits( 0 );
Systemout.println( "\t" +
fornat. format ( al bunBag. get Count ( al bum) ) +
" - " + albumgetBand( ) );

}

private void checkout ( Bag shoppi ngCart, String custoner ) {
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/] Check to see if we have the inventory to cover this purchase
i f( inventoryBag.containsAll( (Collection) shoppingCart ) ) {
/! Renobve these itens fromour inventory
i nvent oryBag. renoveAl | ( (Col | ecti on) shoppi ngCart );
Systemout.println( custonmer + " purchased the following itens:" );
print Al bums( shoppi ngCart );
} else {
Systemout.println( customer + ", |'msorry " +
"but we are unable to fill your order." );

}
print Separator( );

}

private void printSeparator( ) {
Systemout.println( StringWils.repeat( "*", 65 ) );

}

Albums are stored in thei nvent or yBag variable, which is populated by a call to popul at el nvent ory() method. The
print Al bums() method demonstrates how aBag's iterator will iterate through all of the distinct objects stored in aBag,
printing out the count for each abum by calling get Count ( ) onthei nvent oryBag. After populating and printing the
store'sinventory, thestart ( ) method models the behavior of three customers. Each customer creates a Bag instance,
shoppi ngBag, which holds the Al bumobjects she wishes to purchase.

When a customer checks out of the store, the cont ai nsAl | () method is called to make sure that thei nvent or yBag
contains adequate inventory to fulfill a customer's order. If a customer attempts to buy 40 copies of an album, we create a
Bag With 40 instances of the Al bumobject, and cont ai nsAl I ( ) will only returntrue if thei nvent or yBag contains at least
40 matching albums. Certain that the order can be fulfilled, r enoveAl | ( ) reduces the number of albumsin the

i nvent or yBag by 40 and the customer's transaction is considered complete.

Each customer transaction is modeled by a Bag that is subtracted from thei nvent or yBag using ther enoveAl | ( ) method.
Example 5-3 prints the inventory before and after the three customer transactions, summarizing the result of each:

I nventory before Transactions

200 - Radi ohead

100 - Kraftwerk

900 - ABBA

500 - Charlie Parker
khkkhkhkkhhkkhhkkhhkkhhkkhhkkhhkdhdhdhdhdhdhdhdhdhdhdhxdhddxddxddxddxddxddxd*x**x**x**x**x**%x%
Custoner 1 purchased the following itens:

002 - Radi ohead

500 - ABBA

150 - Charlie Parker

khkhkkhkhkhkhhkhhhhhhhhhhhhhddhhhhhdhdddhhhdrhhhhhdddddhhdrrrrdrdddrrxxx*

Custoner 2, |I'msorry but we are unable to fill your order.
khkkhkkkhhkkhhkkhhkkhhkkhhkkhhdhdhdhdhkdhdhdhdhdhdhdhdhddxddxddxddxddxddxddx**x**x**x**x**%x%
Custoner 3 purchased the following itens:

003 - Kraftwerk
kkhkkhkkhkkhkhkhkkhkhkhkkhkhhkhkhhhkhkhhhkhkhkhkhhdhkhhdhkhhhkhkhhkdkhhkhkhhdhkhhdhk khkhk khkhkk khkhk ik * *kx*x*x*%
Inventory after Transactions

198 - Radi ohead

097 - Kraftwerk

400 - ABBA

350 - Charlie Parker

Technically speaking, Bag isnot areal Col | ecti on implementation. Ther enoveAl | (), containsAll ( ), add(), renove(
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), andretainAl l ( ) methods do not strictly follow the contract defined by the Col | ect i on interface. Adhering to a strict
interpretation of the Col | ect i on interface, removeAl | () should remove all traces of an object from a collection, and
cont ai nsAl | ( ) should not pay attention to the cardinality of an object in acollection. Calling renoveAl | ( ) witha
single Al bumobject should clear the Bag of any references to the specified Al bumobject, and cont ai nsaAl | () should
returnt r ue if a collection contains even one instance of a specified object. In Bag, acall torenoveAl | ( ) with three

Al bumobjects will remove only the specified number of each Al bumobject. In Example 5-3, the checkout () method uses
renmoveAl | () toremove albums from the inventory. A call to cont ai nsAl | ( ) will only returnt r ue if aBag contains a
number greater than or equal to the cardinality specified in the ol | ecti on. In Example 5-3, the checkout ( ) method
usescont ai nsAl | () to seeif thereis sufficient inventory to satisfy an order. These violations should not keep you from
using Bag, but keep these exceptions to the collection interface in mind if you are going to expose aBag as acollectionin
awidely used API.

5.6.4. See Also

For more information about the bag data structure, look at a definition from the National Institute of Standards and
Technology (NIST) at http://www.nist.gov/dads/HTML /bag.html.

5.7. Using a Buffer

5.7.1. Problem
Y ou need a data structure that can act as atemporary staging area, i.e., abuffer.

5.7.2. Solution

Use Buf f er from Commons Collections. A buffer is an object that is defined by the algorithm used for element removal.
Buf f er Objects can be priority queues, staging areas, message queues, or buffersfor 1/0. One of the simplest Buf f er
implementations is the UnboundedFi f oBuf f er , afirst-in, first-out data structure with no size limit. The following example
demonstrates the use of an UnboundedFi f oBuf f er :

i mport org. apache. conmons. col | ecti ons. Buf f er;
i nport org.apache. conmons. col | ecti ons. buf f er. UnboundedFi f oBuf f er;
/] Create an Unbounded FI FO

Buf f er buffer = new UnboundedFi f oBuffer( );
/] Add el enments to the Buffer

buf fer.add("A");

buf fer. add("B") ;

buf fer.add("D");

/1 Renove el ement from the buffer

String value = (String) buffer.renmove( );

buf fer.add("E");

value = (String) buffer.renmove( );

This example creates an UnboundedFi f oBuf f er , adding three elements: "A," "B," and "D." Whenr enove() isinvoked,
the buffer selects the item that was placed into the buffer first—the first-in is the first-out. Thefirst call tor emove( )
returns"A," and the second call returns"B."

5.7.3. Discussion
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A FIFO buffer can be viewed as akind of stack; instead of pop( ) returning the last item to be placed on the stack,
remove( ) returnsthe bottom of the stack—the first item added to the Buf f er . A Buf f er throwsa

Buf f er Under f | owExcepti on if youtry torenove( ) or get ( ) an element from an empty Buf f er . This data structureis
useful if you need atemporary holding area between stagesin a pipeline—a queue to hold objects as they wait to be
processed by the next stage. An unbounded FIFO buffer has no size limit, and, as such, it could grow to alimitlesssize. In
fact, if an application continued to fill an unbounded buffer, it would exhaust available memory. Figure 5-1 describes a
FIFO buffer as alinear sequence of elements: items flow through this sequence from left to right.

Figure5-1. A FIFO buffer

In addition to UnboundedFi f oBuf f er , there is abounded counterpart—BoundedFi f oBuf f er . BoundedFi f oBuf f er hasa
maximum size that cannot be exceeded; adding an object to a BoundedFi f oBuf f er aready at maximum size will cause a
Buf f er Over f | owExcept i on . Example 5-4 demonstrates the use of a bounded buffer with a maximum size limit of two.

Example 5-4. Using a BoundedFifoBuffer

i mport org. apache. conmons. col | ecti ons. Buf f er;
i nport org.apache. commons. col | ecti ons. Buf f er Over f | owExcepti on;
i mport org.apache. conmons. col | ecti ons. buf f er. BoundedFi f oBuf f er;

/] Create a Bounded FIFO with a nmax size of two
Buf f er buffer = new BoundedFi f oBuffer(2);

buf f er. add( "One" );
buf fer.add( "Two" );
/[l Adding a third element to this buffer will cause an exception
try {

buf fer.add( "Three" );
} catch( BufferCOverfl owException bue ) {

Systemout.println( "Buffer is Full!" );
}

/'l Renpbve an object... Buffer now contains one el ement.
oj ect renmoved = buffer.renove( );
/1 Add anot her obj ect
buf fer.add( "Three" );
hj ect renovel = buffer.renmove( );
bj ect renobve2 = buffer.renmove( );
/1 This next renove( ) should cause a BufferUnderfl owException
try {
oj ect renmove3d = buffer.renove( );
} catch( BufferUnderfl owException bue ) {
Systemout.println( "Buffer is Enpty!" );
}

Tip
Later recipes will demonstrate the use of Buf f er objectsin processing pipelines where it isimportant to
provide alimit on how much memory aBuf f er isableto consume.

5.7.4. See Also

A Buf fer in Commons Collectionsis analogous to a Queue in Java 5.0. The Queue interface is accompanied by a number
of interfaces that provide amost identical behavior to the Buf f er interface as defined in Commons Collections 3.0. Queue

112



Collections

contains some new methods, of f er ( ) and peek( ), which perform the same functionsasadd( ) andrenove( ), with
one difference: these new methods return f al se if there is any problem adding an object to a Queue. More information
about queues and other changes to the Collections framework in Java 5.0 are available at:
http://java.sun.com/j2se/1.5.0/docs/quide/call ections/changess.html .

5.8. Creating a Priority Queue

5.8.1. Problem

Y ou heed to prioritize objects: removing higher priority objects from acol | ect i on before lower priority objects.

5.8.2. Solution

UseaPriorityBuffer to hold objects to be prioritized. Objects will be removed from this Buf f er according to a priority
generated with a Conpar at or . Whenever therenove( ) method is called on thisBuf f er implementation, a

PriorityBuf fer usesthe Conpar at or t0 sort its contents, returning the element of greatest priority. Using a

PriorityBuf f er without aConpar at or causes the buffer to prioritize objects by natural order, casting each object to
Conpar abl e and comparing objects with the conpar eTo( ) method; all objects must implement the Conpar abl e interface
if No Conpar at or is supplied. The following example demonstrates the use of apri ori t yBuf f er without supplying a
Conpar at or

i mport java.util.?*;
i mport org. apache. conmons. col | ecti ons. Buf f er;
i mport org. apache. conmons. col | ecti ons. buffers. PriorityBuffer;
/l Create a PriorityBuffer with no Conparat or
Buffer priority = new PriortyBuffer( );
priority.add( new Long( 2 ) );
priority.add( new Long( 1) );
priority.add( new Long( 20 ) );
priority.add( new Long( 7 ) );
priority.add( new Long( 18 ) );
priority.add( new Long( 1) );
[l Print the results in priority order
Iterator prioritylterator = priority.iterator( );
while( prioritylterator.hasNext( ) ) {
Long value = (Long) priority.next( );
Systemout.prinltn( "Value: " + value );

}

The previous exampl e removes values from the buffer based on a natural order, and the following output is produced:

Val ue: 20
Val ue: 18
Val ue: 7
Val ue: 2
Val ue: 1
Val ue: 1

5.8.3. Discussion
A priorityBuffer, likeal Buf fer implementations, is defined by the logic to select which object to remove. If you've
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ever visited an emergency room, you are aready familiar with the inner workings of the pri ori t yBuf f er . When a patient
enters the emergency room, his or her condition is evaluated by a nurse who then assigns a severity. When a doctor moves
to the next patient, she chooses the next patient based on severity and how long each patient has been waiting. A patient
with acritical, life-threatening condition will be treated before an individual with a headache—the critical patient has a
higher priority inthe Buf fer.

The following example models an emergency waiting room with aPri ori t yBuf f er . Assume that you have aPat i ent
bean with nare, severi ty, and checkl n properties, which is defined in Example 5-5. A patient's severity isanumber from
0to 10, 0 being the lowest severity and 10 being the highest. A critical patient would be assigned a priority of 10, and a
patient with a bad cold would be assigned a severity of 0. A patient also has acheckl n time: thisis the time he is admitted
to the waiting room, and it is used as a tie-breaker to determine priority when two patients have the same severi ty.

Example 5-5. A Patient object

package com di scursive. jccook. col | ections. buffers;
public class Patient {
private String nane;
private Integer severity;
private Date checkln;
public class Patient( ) {}
public String getName( ) { return name; }
public void setNane(String nane) { this.name = nane; }
public Integer getSeverity( ) { return severity; }
public void setSeverity(lnteger severity) { this.severity = severity; }
public Date getCheckln( ) { return checkln; }
public void setCheckln(Date checkln) { this.checkln = checkln; }

ThePati ent PriorityConparat or in Example 5-6 prioritizes patients by severity of condition and time since check-in. A
patient with a more severe condition takes priority over a patient with aless severe condition who has been waiting
longer, and, if two patients have the same severity, the one who has been waiting longer gets a higher priority. If this
Conpar at or iSused to sort an array of Pati ent objects, the most critical patient would be at the last index, and the least
critical would be at the first index.

Example 5-6. A Comparator to sort Patient objects by priority

package com di scursive. jccook. col | ections. buffers;
i mport java.util.Conparator;
public PatientPriorityConparator inplenents Conparator {
public int conpare(Cbject 0l, Ohject 02) {
int conparison = -1;
if( ol instanceof Patient &&
02 instanceof Patient ) {

Patient pl = (Patient) o1l;
Patient p2 = (Patient) o02;
compari son = pl.getSeverity( ).conpareTo( p2.getSeverity( ) );

i f( comparison == 0 ) {
conmpari son =
pl. get Checkl n( ). conpareTo( p2.getChecklin( ) );
}
}

return corrpari son;
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When using the Pri ori t yBuf f er with aPati ent Pri orit yConparat or, Pat i ent Objects are added to the Buf f er and
remove( ) returnsthepati ent with the highest priority. Using aPri orit yBuf f er means that you do not need to worry
about constantly resorting aCol | ect i on by priority; thislogic is completed automatically every time an object is removed
from the Buf f er . In other words, you are delegating responsibility to aBuf f er ; it takes care of the sorting and selecting on
an as-needed basis.

Example 5-7 adds three Pat i ent objectsto aPri ori t yBuf f er: John Doe 1 has an ear ache, John Doe 2 has a broken back,
and Jane Doe 3 has a concussion. Both John 2 and Jane 3 have serious conditions, and, since John 2 checked in before
Jane 3, John 2 has a higher priority than Jane 3. John 1's condition is not nearly as critical; therefore, his priority is much
lower, and heistreated |ast.

Example 5-7. Using a prioritizing buffer

package com di scursive. jccook. col | ections. buffers;
public class WiitingRoomApp {
public static void main(String[] args) {
Wi ti ngRoomApp exanpl e = new Wi ti ngRoomApp( );
exanpl e.start( );
}
public void start( ) {
Buf fer patients =
new PriorityBuffer( new PatientPriorityConparator( ) );
Pati ent johnDoel = new Patient( );
j ohnDoel. set Name( "John Doe 1" );
j ohnDoel. set Severity( new Integer( 7 ) );
j ohnDoel. set Checkl n( new Date( ) );
pati ents. add( johnDoel );
Pati ent johnDoe2 = new Patient( );
j ohnDoe2. set Nanme( "John Doe 2" );
j ohnDoe2. set Severity( new Integer( 9 ) );
j ohnDoe2. set Checkl n( new Date( ) );
pati ents. add( johnDoe2 );
Pati ent janeDoe3 = new Patient( );
j aneDoe3. set Nanme( "Jane Doe 3" );
j aneDoe3. set Severity( new Integer( 9 ) );
j aneDoeg3. set Checkln( new Date( ) );
pati ents. add( janeDoe3 );
whil e( patients.size( ) >0 ) {
Patient patient = (Patient) patients.renove( );
Systemout.println( "Patient: " + patient.getName( ) );

Aseach Pati ent istreated, the patient's name is printed to the console:

Pati ent: John Doe 2
Patient: Jane Doe 3
Pati ent: John Doe 1

5.8.4. See Also

A PriorityBuffer in Commons Collectionsis analogousto apri ori t yQueue in Java5.0. For information about
Priori t yQueue and other important changes to the Collections framework in Java 5.0, see
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http://java.sun.com/j 2se/1.5.0/docs/api/index.html.

5.9. Using a Blocking Buffer

5.9.1. Problem

Y our system needs to wait for input and act on an object the moment it is added to aBuf f er . To achieve this, you need
your application to block until input is received.

5.9.2. Solution

Use Bl ocki ngBuf f er to decorate an instance of Buf f er . When a process callsget ( ) or renove( ) on abuffer decorated
with Bl ocki ngBuf f er , the decorated buffer does not return a value until it has an object to return. The following example
creates aBl ocki ngBuf f er and alistener that callsrenove( ). A Bl ocki ngBuf f er can only be demonstrated by an
example that deals with multiple threads, and the following code uses a Runnabl e implementation, Buf f er Li st ener,
which is defined in Example 5-8:

i mport java.util.?*;

i mport org. apache. conmons. col | ecti ons. Buf f er;

i nport org. apache. cormons. col | ecti ons. buf f ers. Bl ocki ngBuf fer;

i mport org.apache. conmons. col | ecti ons. buf f ers. BoundedFi f oBuf f er;

/l Create a Bl ocking Buffer

Buf f er buffer = Bl ocki ngBuffer.decorate( new BoundedFi foBuffer( ) );

/!l Create Thread to continously remove( ) fromthe previous Buffer
Buf ferLi stener |istener = new BufferlListener(buffer);

Thread |istener Thread = new Thread( |istener );

i stener Thread. start( );

buffer.add( "Hello World!" );

buf fer. add( "Goodbye, Y all." );

The previous exampl e creates an instance of Buf f er Li st ener —a Runnabl e object that callsrenove( ) ona

BoundedFi f oBuf f er decorated with Bl ocki ngBuf f er. Thel i st ener Thr ead Will block on acall to buf fer. renmove( )
withintherun( ) method of Buf f er Li st ener , an object that runsin a separate thread and waits for objects to be added to
aBl ocki ngBuffer.

Example 5-8. A BufferListener constantly calling remove()

public class BufferlListener inplenents Runnable {
private Buffer buffer;
public BufferlListener(Buffer buffer) {
this.buffer = buffer;

}
public void run( ) {
whil e(true) {
String nessage = (String) buffer.renove( );
System out. println( message );

Thetwo callstobuf fer. add( ) causesBuf f er Li st ener to print the strings added:
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Hel |l o Worl d!
Goodbye, Y all.

5.9.3. Discussion

A Bl ocki ngBuf f er isused in asystem that needsto act on a piece adata as soon as it is available, and this data structure
comes in handy when there are a series of worker threads listening to buffers between components in a pipeline.

Bl ocki ngBuf f er allowsyou to build cascading pipelines, which automatically notify the next stage of available data.
Think of this pattern as a stepped waterfall; water automatically flows down the steps, and each step isaBuf fer. (See

Figure 5-2.)
Figure 5-2. Using a BlockingBuffer to create a pipeline

Assume that you need to write aworkflow application for a news publisher; the workflow consists of a pipeline: news
stories are published as XML files, which are passed to a search indexer and then processed with an XSLT stylesheet. A
news story issimply passed asa st ri ng containing an XML document. The following example creates a pipeline
consisting of two Bl ocki ngBuf f er instances terminated by an UnboundedFi f oBuf f er :

i mport java.util.?*;

i mport org. apache. conmons. col | ecti ons. Buf f er;

i nport org. apache. commons. col | ecti ons. buf f ers. Bl ocki ngBuffer;

i mport org. apache. conmons. col | ecti ons. buf f ers. UnboundedFi f oBuf f er;

/1l Create a Blocking Buffer for each stage, |ast stage not a bl ocking buffer
Buf f er published = Bl ocki ngBuffer.decorate( new UnboundedFi foBuffer( ) );
Buf f er i ndexed = Bl ocki ngBuf f er. decor at e( new UnboundedFi f oBuffer( ) );

Buf fer transforned = new UnboundedFi f oBuffer( );

/Il Create a Thread that will watch the published Buffer and i ndex a news story
I ndexer indexer = new | ndexer (published, indexed);

Thread i ndexer Thread = new Thread( i ndexer );

i ndexer Thread. start( );

/] Create a Thread that will watch the indexed Buffer and style a news story
Styler styler = new Styler(index, transforned);

Thread styl erThread = new Thread( styler );

stylerThread. start( );

String newsStory = get NewsStory( );

publ i shed. add( newsStory );

The previous exampl e creates three buffers to hold the results of the stages of a pipeline—publ i shed, i ndexed, and

t ransf or med. Three Runnabl e objects are created to perform the task of processing each news story; the | ndexer object
listens to the publ i shed buffer and placesits resultsin thei ndexed buffer, and the st yl er object listensto thei ndexed
buffer and placesitsresultsin thet r ansf or med buffer. The | ndexer object implements Runnabl e and is constructed with
two Buf f er objects, i nbound and out bound. The | ndexer, as shown in Example 5-9, continuously callsrenove( ) ona
Bl ocki ngBuf f er and waits until a story is available to process.

Example 5-9. An Indexer stagein a pipeline

public class Indexer inplements Runnnabl e {
private Buffer inbound;
private Buffer outbound,
publ i c I ndexer (Buffer inbound, Buffer outbound) {
t hi s.i nbound = i nbound;
t hi s. out bound = out bound;
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public void run( ) {
whil e(true) {
String story = (String) inbound.renove( );
String processedStory = processStory( story );
out bound. add( processedStory );
}
}
public String processedStory(String story) {

/1l Run story through a search indexer
return story;

The styl er isomitted because it follows the exact same pattern. Every stage in this pipelineis aRunnabl e
implementation running in athread and listening to an inbound buffer by calling (and blocking) oni nbound. r enove( ).
Using this mechanism allows your system to process information in parallel by running separate stages in separate
threads, and there is no need for a controller to coordinate the actions of a complex system. A pipeline can be extended by
simply adding another stage with an additional Bl ocki ngBuf f er . This pattern is useful in a system that models avery
complex workflow; instead of attempting to capture a complex symphony of coordination, break the system into
autonomous stages that only know about inputs and outputs.

5.9.4. See Also

A Bl ocki ngBuf f er in Commons Collections is analogous to aBl ocki ngQueue in Java5.0. A Bl ocki ngQueue in Java5.0
has an important feature that is missing in Commons Collections 3.0 implementation of Bl ocki ngBuf f er : in Java5.0's
Bl ocki ngQueue, you can specify atimeout when adding and removing values from a queue.

5.10. Storing Multiple Values in a Map

5.10.1. Problem

Y ou need to store multiple values for asingle key in aMap. Instead of a one-to-one relationship between keys and values,
you need a map that provides one-to-many relationships between keys and values.

5.10.2. Solution

Useaml ti Map. A Ml ti Map maintains a collection of valuesfor a given key. When a new key/value pair is added to a
Ml ti Map, the valueis added to the collection of values for that key. The mul ti Map also provides away to remove a
specific key/value pair. The following example demonstrates the use of mul ti Map:

i nport org.apache. conmons. col | ecti ons. Mul ti Map;
i mport org.apache. conmons. col | ecti ons. Mul ti HashMap;
Mul ti Map map = new Ml ti HashMap( );
map. put ( "ONE', "TEST" );
map. put ( "TWD', "PICNIC" );
map. put ( "ONE', "HELLO' );
map. put ( "TWO', "TESTI MONY" );
Set keySet = map. keySet ( );
Iterator keylterator = keySet.iterator( );
whi |l e( keylterator.hasNext( ) ) {
bj ect key = keylterator.next( );
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Systemout. print( ' Key "+ key + ", "),
Col I ection values = (Collection) map.get( key );
Iterator val ueslterator = values.iterator( );
whi | e( valueslterator. hasNext( ) ) {
Systemout.print( "Value: " + valueslterator.next( ) + ". " );

}
Systemout.print( "\'n" );

}

Each key inamul ti Map corresponds to a collection of values. This example produces the following output while iterating
through all values for each key:

Key: ONE, Value: TEST. Value: HELLO
Key: TWO, Value: PICNIC. Val ue: Testinony

5.10.3. Discussion

In atraditional map, akey isremoved with map. r emove( ) ; this method removes the specified key from the map. Ina
Ml ti Map, aspecific key/value pair can be removed from a key's value collection. When removing a specific pair, the
valueis extracted from a key's value collection. Example 5-10 demonstrates the use of amul ti Map. rermove() method.

Example 5-10. Using MultiMap.remove( )

package com di scursi ve. jccook. col | ecti ons. map;
i nport org.apache. conmons. col | ecti ons. *;
i mport java.util.*
public class Milti MapExanpl e {
public static void main(String[] args) {
Mul ti MapExanpl e exanple = new Mil ti MapExanpl e( );
exanple.start( );

public void start( ) {
Mul ti Map map = new Mil ti HashMap( );
map. put ( "ONE", "TEST" );
map. put ( "ONE", "WAR' );
map. put ( "ONE", "CAR' );
map. put ( "ONE", "WEST" );
map. put ( "TWO', "SKY" );
map. put ( "TWO', "WEST" );
map. put ( "TWO', "SCHOOL" );
/] At this p0| nt "ONE" should correspond to "TEST", "WAR', "CAR', "WEST"
map. remove( "ONE', "WAR' );
map. remove( "ONE', "CAR' );
/] The size of this collection should be two "TEST", "WEST"
Col I ecti on oneCol | ection = (Col |l ection) nap.get("ONE");
[/ This collection should be "TEST", "WEST", "SKY", "WEST", "SCHOOL"
Col I ection val ues = map. val ues( );

The mul ti Map isrelevant when one object is associated with many different objects. A sensible example would be a
wul ti Map of people to the languages they speak fluently, and the following example demonstrates such a Map:

Mul ti Map | anguageAbility = new Mil ti HashMap( );
| anguageAbi lity. put( "Tom', "French" );
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| anguageAbi lity. put( "Chris", "Spanish" );
| anguageAbi lity. put( "Chris", "German" );
| anguageAbi lity. put( "John", "Arabic" );
| anguageAbi lity. put( "Tom', "Pashto" );
/1 What | anguages does Tom speak?
Col I ection | anguages = (Coll ection) |anguageAbility.get("Tont);
Iterator |anguagelterator = | anguages.iterator( );
whi | e( | anguagel terator. hasNext( ) ) {
Systemout.println( "Tom speaks " + |anguagelterator.next( ) );

}

If you had to locate people who were fluent in a given language, it would be equally as valid to use languages as keys and
names as values. One could then query the mul ti Map for alist of people who speak a certain language. If your system
contains two collections of objects that have a many-to-many relationship, these relationships can be managed with two

instances of mul ti Map.

5.11. Retrieving a Key by a Value

5.11.1. Problem
Y ou need amap that allows you to access avalue by akey and akey by avalue.

5.11.2. Solution

Bi di Map in Commons Collections provides an implementation of Map, which can be reversed if both the keys and values
are unique; you can use a Bi di Map to retrieve avalue for akey or akey for avalue. The following example demonstrates
the use of aBi di Map to access state names by state abbreviation and state abbreviations by state names:

Bi di Map bi di Map = new Dual HashBi di Map( );

bi di Map. put( "il", "Illinois" );

bi di Map. put ( "az", "Arizona" );

bi di Map. put ( "va", "Virginia" );

/!l Retrieve the key with a value via the inverse nmap

String vaAbbrevi ati on = bi di Map. i nverseBi di Map( ).get( "Virginia" );

/!l Retrieve the value fromthe key
String illinoi sName = bidi Map.get( "il" );

Dual HashBi di Map stores keys and values in two Hashivap instances. One HashMap stores keys as keys and values as values,
and the other Hashmvap stores the inverse—values as keys and keys as val ues.

5.11.3. Discussion

In Example 5-11, aBi di Map is used to store country names and country codes; an application stores | SO country codes
and translates between | SO country codes and country names to present intelligible output—"us" is translated to "United
States." Alternatively, when a user typesin a name of a country, the application needs to be able to produce the country
code for that country name—"United States’ must be translated back to "us."

Example 5-11. Storing 1 SO country codesin a BidiM ap

package com di scursive. jccook. col | ections. bi di;
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i nport org.apache. commons. col | ecti ons. Bi di Map
i mport org.apache. commons. col | ecti ons. bi di map. Dual HashBi di Map;
public class Bidi MapExanpl e {
private Bidi Map countryCodes = new Dual HashBi di Map( );
public static void main(String[] args) {
Bi di MapExanpl e exanpl e = new Bi di MapExanmpl e( ) ;
exanpl e.start( );

}

private void start( ) {
popul at eCount r yCodes( );

String countryName = (String) countryCodes.get( "tr" );
Systemout.println( "Country Nane for code 'tr': " + countryNane );
String countryCode =

(String) countryCodes.inverseBidi Map( ).get ("Uruguay");
Systemout.println( "Country Code for nane 'Uruguay': " + countryCode );

countryCode = (String) countryCodes. get Key(" Ukrai ne");
Systemout. println( "Country Code for nane 'Ukraine': " + countryCode );

}

private void popul at eCount ryCodes( ) {
count ryCodes. put ("to", "Tonga") ;
countryCodes. put ("tr", " Tur key");
count ryCodes. put ("tv", " Tuval u");
count ryCodes. put ("t z", " Tanzani a") ;
count ryCodes. put ("ua", " Ukr ai ne") ;
count ryCodes. put ("ug", "Uganda") ;
count ryCodes. put (" uk", "Uni ted Ki ngdont');
count ryCodes. put ("unt, "USA M nor Qutlying |slands");
count ryCodes. put ("us","United States");
count ryCodes. put ("uy", " Uruguay") ;

The previous example makes sense because country codes and country names are both unique; there is only one entry for
"Djibouti," "dj,"and no other country has an overlapping code because country codes are defined by an International
Organization for Standardization (1SO) standard, 1SO 3166. If you attempt to insert aduplicate key in aregular map, the
existing entry with the same key would be replaced by the new value. In aBi di Map, if you insert aduplicate value, or a
duplicate key, the entry holding this value is replaced by a new entry. The following example illustrates this concept:

private Bidi Map bi di Map = new Dual HashBi di Map( );

/1 Insert initial content { "one:"red", "two":"green", "three":"blue" }
bi di Map. put ("one","red");

bi di Map. put ("two", "green");

bi di Map. put ("t hree", "bl ue");

[/ replace "one" key entry

bi di Map. put ("one", "bl ack");

/1 replace "green" value entry

bi di Map. put ("five","green");

/l Contents are now { "one":"black", "three":"blue", "five":"green" }

Changing key "one," value "black" replaces the original key "one," value "red" because the key is duplicated; this
behavior is consistent with a normal implementation of vap. The differencein asi di Map isthat when adding key "five,"
value "green" to aBi di Map, the previous key "two," value "green" is replaced with a new entry because "green” isa
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duplicate value. A regular vap simply adds another entry, and getting the value of either the "five," or "two," key would
return the value "green." Because "green” already occurs as a key in the inverse map, the entry corresponding to the
"two," key isremoved and replaced by a new entry. Bidirectional accessto keys by valueisonly possibleif keysand
values form two unique sets.

There are three implementations of the Bi di Map interface: bual HashBi di Map, Di al Tr eeBi di Map, and Tr eeBi di Map. A
Dual HashBi di Map isthe simplest option, storing keys and values in two separate instances of Hashvap. When avalueis
requested by key, one Hashivap is consulted, and when a key is requested by value, the inverse Hashmap is consulted. The
Dual HashMap is likely to be your implementation of choiceif it is not important to keep track of the insertion order; it has
a straightforward implementation using the familiar Hashmap.

If you need to preserve the order of insertion, a Dual Tr eeBi di Map USES two separate Tr eeMap instances to hold the regular

and inverse mappings. Thisimplementation implements the Sor t edvap interface that keeps track of the order of insertion

and provides subMap( ), headvap( ), andtai | Map( ) methods. A third implementation, Tr eeBi di Map, implements

Bi di Map Without maintaining two internal storage maps. Instead, Tr eeBi di Map stores nodes in ared-black tree, identifying
each node as both akey and avalue; it costs twice as much to put () into aTr eeBi di Map, but thisimplementation comes
in handy if you are worried about memory consumption—it does not need to store each key and value twice in two maps.

5.11.4. See Also

This example used 1SO 3166 country codes, alist of every country and corresponding two letter country code. If you are
writing an application for a worldwide audience, you may find the following list helpful:
http://www.iso.ch/iso/en/prods-services/iso3166ma/02i so-3166-code-listg/list-enl.html.

5.12. Using a Case-Insensitive Map

5.12.1. Problem
Y ou need to use a Map with st ri ng keys that will ignore the capitalization of akey when retrieving avalue.

5.12.2. Solution

Use acasel nsensi ti veMap from the Commons Collections. Thisimplementation of mMap takes st ri ng keys and provides
case-insensitive access. An entry with akey "Test" can be retrieved with the strings"TEST," "test," and "tEST." Hereisa
small example demonstrating the case insensitivity:

import java.util.*;

i mport org. apache. conmons. col | ecti on. map. Casel nsensi ti veMap;
Map grades = new Casel nsensitiveMap( );

grades. put ( "Fortney", "B-" );

grades. put ( " Puckett", "D+" );

grades.put( "Flatt", "A" );

String gradel = (String) grades.get( "puckett" );

String grade2 = (String) grades.get( "FLATT" );

In this example, the grades are stored with a capitalized last name, and the results are retrieved with irregularly capitalized
last names. This example returns the grades for "Puckett" and "Flatt" even though they were retrieved with "puckett" and
"FLATT."

122


http://www.iso.ch/iso/en/prods-services/iso3166ma/02iso-3166-code-lists/list-en1.html

Collections

5.12.3. Discussion

Example 5-12 demonstrates the use of Casel nsensi ti veMap t0 access state names by state abbreviations regardless of
capitalization. Thisis useful when an application is requesting a state from a user in aform to capture an address. If a user
enters"il," "IL," or "1I," you need to be able to return "lllinois."

Example 5-12. Using a Casel nsensitiveM ap for U.S. states

package com di scursive. jccook. col |l ections.insensitive
i mport java.util.Mp;
i mport org. apache. conmons. col | ecti ons. map. Casel nsensi ti veMap;
public class Casel nsensitiveExanpl e {
Map states = new Casel nsensitiveMap( );
public static void main(String[] args) {
Casel nsensi ti veExanpl e exanpl e = new Casel nsensi ti veExanpl e( );
exanpl e.start( );

}
private void start( ) {
states.put("IL", "Illinois");
stat es. put ("PA", "Pennsyl vania");
states. put ("GA", "Ceorgia");
states. put ("AZ", "Arizona");
String stateNane = (String) states.get( "il" );
Systemout.println( "Value retrieved for '"il': " + stateNanme );
stateName = (String) states.get( "IL" );
Systemout.println( "Value retrieved for "IL': " + stateName );
stateName = (String) states.get( "iL" );
Systemout.println( "Value retrieved for "iL': " + stateName );
}

Example 5-12 populates a Casel nsensi t i veMap With state abbreviations and state names, and it retrieves the state name
for three different capitalizations of "IL": "iL," "IL," and "il." For al three keys, the Casel nsensi ti veMap returns the
proper state name—"l1llinois'—as illustrated by the output from the previous example:

Val ue retrieved for 'il': Illinois
Val ue retrieved for 'IL'": Illinois
Val ue retrieved for '"iL': Illinois

5.12.4. See Also

If you are interested in how this class works, take alook at the source for Casel nsensi ti veMap, and you will see that this
implementation of Map extendsthe Abst r act HashedMap classin the or g. apache. commons. col | ecti ons. map package. It
would be just as easy to decorate a Map with aTr ansf or mer object to provide case insensitivity. Recipe 5.16 discusses the
use of aTransf or ner to alter objects asthey are stored inacol | ecti on.

5.13. Creating Typed Collections and Maps
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5.13.1. Problem

Y ou heed to guarantee that a Col | ecti on or aMap only contains objects of a certain type.

5.13.2. Solution

Use TypedCol | ecti on. decor at e() to createacCol | ect i on that only accepts objects of a specified type. Supply an
existing Col | ect i on aong with the d ass that all elements should be constrained to. TypedCol | ect i on will decorate this
existing Col | ect i on, validating elements as they are added to a Col | ect i on. The following example createsa Col | ecti on
that will only accept strings:

Li st existingList = new ArrayList( );

Col I ection typedCol | ecti on = TypedCol | ecti on. decorat e( exi stingLi st,
String.class );

[/ This will add a String

typedCol | ecti on. add( " STRING' );

/!l And, This will throw an ||| egal Argunent Excepti on

t ypedCol | ecti on. add( new Long(28) );

Similarly, if you want to constrain keys and values to specified types, pass a Map t0 TypedMap. decor at e( ) method,
specifying ad ass for both the key and the value. In the following example, t ypedvap only accepts st ri ng keys and
Nunber values:

Map exi stingMap = new HashMap( );

Map typedMap = TypedMap. decor at e( exi stingMap, String.class, Nunber.class );
/[l This will add a String key and a Doubl e val ue

t ypedMap. put ( "TEST", new Doubl e( 3.40 ) );

/1 Both of these throw an |1 egal Argunent Excepti on

t ypedMap. put ( new Long(202), new Double( 3.40 ) );

t ypedvap. put ( "BLAH', "BLAH' );

TypedCol | ect i on and Typedvap Will decorate any existing Col | ecti on or Map and will throw an
Il egal Argunent Excepti on if you try to add an incompatible type.

5.13.3. Discussion

A wvap frequently contains keys and values with consistent types; for instance, an application that keeps track of Per son
objects by name most likely has aper sonvap with Per son valuesand st ri ng keys. Rarely does amap hold awide
diversity of types. Col | ecti ons and Maps are not type-safe, and this lack of type safety means that unexpected objects may
be cast to incompatible types, causing nasty d assCast Except i onS. It isunlikely that every timeyou call get ( ) and cast
the resulting object, you catch d assCast Except i on; and, in most systems, it is reasonabl e to assume that no one has put
an incompatible type into amvap. But, if amap playsacentra rolein acritical application, you may want an extralayer of
validation; decorate your maps with TypedMap to ensure that a Map contains consistent types. Thereislittle penalty for
decorating avap as such, and if someone writes code to insert invalid input, your application should fail immediately with
anll | egal Argunent Excepti on.

If your application uses a TypedMap, it iseasier to track down defects. If ad assCast Except i on isthrown when calling
get ( ), you then need to work backward to find out where the offending object was put into a ap. An aternative isto
validate each object asit is added to amap. If the put ( ) method throws 111 egal Ar gument Except i on, it will be easier to
identify the offending code.

Java 5.0 adds the idea of generics—compile-time type safety for any number of objectsincluding Col | ecti onsand Maps.
But, if you are stuck with an older version of the JDK, you can use Commons Collections to create aCol | ect i on that only
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acceptsinput of a certain type. TypedSet , TypedBag, TypedLi st , TypedMap, TypedBuf f er , TypedSor t edSet ,

TypedSor t edBag, TypedSor t edMap al provide the same decoration as TypedCol | ect i on, but they return a specific
interface; for example, TypedLi st decorates and returnsalLi st , and TypedSet decorates and returns a Set . Example 5-13
demonstrates the use of the TypedLi st decorator to return aLi st instead of aCol | ecti on.

Example 5-13. Using TypedList to decorate a list

package com di scursive. jccook. col | ections. typed;

i mport java.util.ArraylList;

i mport java.util.List;

i mport org. apache. commons. col | ections. |ist. TypedLi st ;
public class TypedLi st Exanpl e {

private List host Nanes;

public static void main(String[] args) {
TypedLi st Exanpl e exanpl e = new TypedLi st Exanpl e( ) ;
exanpl e.start( );

}

public void start( ) {
/1 Make sure that itens added to this
host Names = TypedLi st. decorate( new ArraylList( ), String.class );
// Add two String objects
host Nanes. add( " pappO1l1.thestreet.coni );
host Nanes. add( "test.slashdot.org" );

/[l Try to add an | nteger

try {
host Nanmes. add( new | nteger (43) );
} catch( Il egal Argument Exception iae ) {

System out. println( "Adding an Integer Failed as expected" );

}

/1l Now we can safely cast without the possibility of a
/1 Cl assCast Excepti on
String hostNanme = (String) hostNames. get (0);

If aLi st decorated with TypedLi st encounters an invalid object, the add( ) method will throw an
11l egal Argunment Excepti on.

Tip
A Typed<x> decorated Col | ecti on Will not be able to provide the compile-time type safety of Java5.0's
generics, but it will enforce a restriction on what it can accept—it is up to you to catch the runtime exception.

TypedMap alows you to constrain both the keys and values of amap. TypedMap. decor at e( ) takesthree parameters. the
Map to decorate, the key d ass, and the value d ass. To create aMap that only constrains key types, passinanul | value
for the value type. To create a Map that only validates the type of the value, passinanul | for the key type. Example 5-14
uses TypedMap. decor at e( ) to create aMap that only accepts stri ng keys and Nunber values.

Example 5-14. Decorating a map with TypedMap
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package com di scursi ve. jccook. col |l ections. typed;

i mport java.util.HashMap;

i mport java.util. Map;

i mport org. apache. conmons. col | ecti ons. map. TypedMap;
public class TypedMapExanpl e {

private Map vari abl es;

public static void main(String[] args) {
TypedMapExanpl e exanpl e = new TypedMapExanpl e( );
exanple.start( );

}

public void start( ) {
/1 Make sure that itens added to this
vari abl es =
TypedMap. decorate( new HashMap( ), String.class, Nunber.class );
// Add two String objects
vari abl es. put ( "maxThreads", new I nteger(200) );
vari abl es. put ( "m nThreads", new I nteger(20) );
vari abl es. put ( "I ight Speed", new Doubl e( 2.99792458e8 ) );

/] Try to add a String val ue

try {
vari abl es. put ( "server", "test.oreilly.conl );
} catch( 11l egal Argunment Exception iae ) {
Systemout.println( "Adding an String val ue Fail ed as expected" );
}
/1l Try to add an | nteger key
try {
vari abl es. put ( new I nteger(30), "test.oreilly.conl );
} catch( Il egal Argument Exception iae ) {
System out. println( "Adding an |Integer key Fail ed as expected" );
}

/1 Now we can safely cast without the possibility of a C assCast Exception
Nurmber readi ng = (Nunber) vari abl es. get ("Ii ght Speed");

5.13.4. See Also

Java 5.0 has added generics—a welcome addition. For more information about generics, look at the release notes for Java
5.0 at http://java.sun.com/j2se/1.5.0/docs/rel notes/features.html#generics.

For more information about the decorator design pattern, read the classic Design Patterns: Elements of Reusable
Object-Oriented Software, by Erich Gamma et a., or take alook at this onJava.com article by Budi Kurniawan:
http://www.onjava.com/pub/a/onjava/2003/02/05/decorator.html, which deals with the decorator pattern as applied to Java
Swing development, but this pattern also has relevance outside of a GUI development context.

This TypedCol | ect i on decorator is a specialized version of aPr edi cat edCol | ecti on. Type-safety isimplemented
through the use of an | nst anceof Pr edi cat e, and the next recipe discusses the use of a Pr edi cat edMap.

5.14. Constraining Map Values

126


http://java.sun.com/j2se/1.5.0/docs/relnotes/features.html#generics
http://www.onjava.com/pub/a/onjava/2003/02/05/decorator.html

Collections

5.14.1. Problem
Y ou heed to ensure that all values added to a vap satisfy a set of arbitrary conditions.

5.14.2. Solution

Decorate an existing Map with Pr edi cat edvap from Commons Collections. Pr edi cat es add an inbound validation to a
Map, validating keys or values any time an entry is added to a Pr edi cat edvap. If aPredi cat e assigned to akey or value
returnsf al se, put () throwsani11 egal Ar gument Except i on. The following example decorates a Hashvap with

Pr edi cat edMap—twWO Pr edi cat eS are created to validate the keys and the values:

i mport java.util.?*;

i nport org.apache. commons. col | ecti ons. map. Predi cat edMap;

i mport org. apache. conmons. col | ecti ons. Predi cat e;

i nport org. apache. conmons. col | ecti ons. funct ors. Equal Pr edi cat e;

i mport org. apache. conmons. col | ecti ons. funct ors. | nst anceof Predi cat e;

i mport org.apache. commons. col | ections. functors. O Predi cat e;

/Il Create a Predicate that only accepts Strings
Predi cate onlyStrings = new I nstanceof Predi cate( String.class );
/[l Create a Predicate that only allows "green" or "red"

Predi cate onl yG-een = new Equal Predi cate( "green" );

Predi cate onl yRed = new Equal Predi cate( "red" );

Predi cate greenOrRed = new Or Predi cate( onl yGreen, onlyRed );
/! Created a Decorated Map - accepting String keys and "green" or "red" val ues
Map map = Predi cat edMap. decorate( new HashMap( ), onlyStrings, greenOrRed );

/1 Al of these puts should work

map. put( “"tony" , "green" );

map. put( "alice" , "red" );

map. put ( "“mke" , "red" );

map. put ( "bobby" , "green" );

/1l Al of these puts should throw an Il egal Argurment Excepti on
map. put ( new Doubl e(4.0) , "green" );

map. put( "alice" , "purple" );

map. put ( new Long(32) , new Long(43) );

In the previous example, keys are validated by asimple | nst anceof Pr edi cat e, which ensures that each key isa st ri ng.
The values are validated with an O Pr edi cat e, which combines two Equal Pr edi cat es; values are accepted if they are
equal to the strings "green" or "red."

5.14.3. Discussion

A Predi cat edMap can work with any Pr edi cat e no matter how simple or complex. Passing in anul I value for either the
key or value pr edi cat e instructs the pPr edi cat edvap not to validate keys or values. In the following example, a

Pr edi cat edvap decorates aHashMap to ensure that a vap contains valid Teamval ues:

i nport org.apache. commons. col | ecti ons. functors. AndPr edi cat e;

i mport org. apache. conmons. col | ecti ons. map. Pr edi cat edMap;

[/l Create the Predicates

Val i dTeanPr edi cat e val i dTeam = new Val i dTeanPr edi cate( );

Val i dCoachPr edi cate val i dCoach = new Val i dCoachPredi cate( );

/[l Tie two Predicates together into an AndPredicate

AndPr edi cat e val uePredi cate = new AndPredi cate( validTeam validCoach );

/| Decorate a HashMap with a predicate on the val ue
Map teanmvap = Predi cat edMap. decor at e( new HashMap( ), null, val uePredicate);
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/] Manufacture sone teans

Team redSox = new Tean( "Red Sox", new Coach( "Patrick", "Moloney") );
Team yankees= new Tean{ "Yankees", new Coach( "David", "McGrry") );
Team dodgers = new Team( "Dodgers", new Coach( "N ck", "Taylor") );
Team twi ns = new Team( null, new Coach( "Patrick", "Ml oney") );

Team braves = new Tean{ "Braves"”, null );

/1 The followi ng put calls should work fine
t eamVap. put ( " RedSox", redSox );

t eamVap. put ( " Yankees", yankees );

t eamVap. put ( " Dodgers”, dodgers );

[/ This put should fail because the team nane is nul

try {
t eamvap. put ( " Tw ns", tw ns);
} catch( 11l egal Argument Exception iae ) {
Systemout.println( "Twins put failed, as expected" );
}
/1 This put should fail because the coach is nul
try {
t eamVap. put ( "Braves", braves);
} catch( Il1egal Argument Exception iae ) {
Systemout.println( "Braves put failed, as expected" );
}

An application can assume that every team in t eanMvap has met the following requirements:

» Every Teamobject must have anon-nul I name property.

» Every Teamobject must have anon-nul | coach property, and this Coach object must have afirst and last name.
The previous exampl e uses two Pr edi cat e Objects to validate both the team and the coach. These two custom predicates
(val i dTeanPr edi cat e and Val i dCoachPr edi cat e) are defined in Examples Example 5-15 and Example 5-16. These
Predi cat e Objects are passed to the Pr edi cat edMap. decor at e( ) method to decorate a Map with these conditions. The
first Predi cat e, Val i dTeanPr edi cat e, validates a Teamaobject to seeif it hasanon-nul I name property.

Example 5-15. A Predicate to validate a Team's name property

i nport org.apache. cormons. col | ecti ons. Predi cat e;
public class ValidTeanPredi cate i npl enents Predicate {
publ i c bool ean eval uat e(Cbj ect object) {
Team team = (Tean) object;
return team get Name( ) !'= null

Example 5-16. Predicate to validate a Team's coach property

i mport org. apache. conmons. col | ecti ons. Predi cat e;
public class ValidCoachPredicate inplenents Predicate {
publ i c bool ean eval uat e(Cbj ect object) {
bool ean val i dCoach = fal se;
Team team = (Tean) obj ect;
if( teamgetCoach( ) !'= null &&
t eam get Coach( ).getFirstNane( ) != null &&
t eam get Coach( ).getLastNanme( ) !'= null ) {
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val i dCoach = true;

}

return val i dCoach;

The second Pr edi cat e, Val i dCoachPr edi cat e, validates a Teamobject, checking to seeif the coach property isnon-nul I ,
and that the coach has afirst and last name.

In Example 5-16, a Pr edi cat e is created by combining the val i dTeanPr edi cat e and Val i dCoachPr edi cat e in an

AndPr edi cat e. A HashMap isthen decorated with Pr edi cat edvap. decor at e( ), passing the AndPr edi cat e in asthe
predicate to validate Map values. A few Teamobjects are created, all of which are valid with the exception of the Twins and
the Braves, and, as expected, the Twins and Braves cause put ( ) tothrow an 111 egal Argunent Except i on.

5.15. Constraining List Contents

5.15.1. Problem
Y ou need to constrain objects that can be added to a Li st .

5.15.2. Solution

Decorate aLi st using Pr edi cat edLi st . The following example demonstrates the use of Pr edi cat edLi st to create a
Li st that only accepts even | nt eger objects:

i mport java.util.*;
i mport org.apache. conmons. col | ections. |ist.PredicatedList;
i mport org. apache. conmons. col | ecti ons. Predi cat e;
i nport org.apache. conmons. | ang. ArrayUtil s;
/Il Create a Predicate that only accepts even |nteger objects
Predi cate onl yEven = new Predicate( ) {
publ i ¢ bool ean eval uat e(Cbj ect object) {
I nteger integer = (Integer) object;
return( integer.intValue( ) %2 == 0 );

}

List list = Predi catedList.decorate( new ArrayList( ), onlyEven );
list.add( new Integer(1) ); // WII throw III|egal Argunent Excepti on
list.add( new Integer(2) );
list.add( new Integer(3) ); // WII throw III| egal Argunent Excepti on
list.add( new Integer(4) );

In this example, attempting to add an | nt eger with an odd value causesan I | | egal Ar gunent Except i on, but adding an
even number does not cause an exception to be thrown.

5.15.3. Discussion

A Predi cat edLi st isvery similar to aPr edi cat edMvap; this decorator works with an existing Li st and adds inbound
validation to aLi st . Thereis no limit to the complexity of the Pr edi cat e that can be used to provide inbound validation
toalist.
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5.15.4. See Also

Predi cat edLi st and Pr edi cat edvap are not the only Col | ect i on decorators available in the Commons Collections. Any
Col | ecti on interface in the following list can be decorated with a Pr edi cat e.

* Predi cat edBag decorates aBag.

* Predi cat edBuf f er decoratesaBuf fer.

* Predi cat edCol | ecti on decoratesa Col | ecti on.
* Predicat edLi st decoratesali st.

* Predi cat edvap decorates a Map.

* Predicat edSet decorates a Set .

* Predicat edSort edBag decorates a Sor t edBag.

* Predicat edSort edvap decorates a Sort edMap.

* Predicat edSortedSet decoratesaSortedSet
For more information about these utilities, see the Commons Collections project page at
http://commons.apache.org/collections.

5.16. Transforming Collections

5.16.1. Problem
Y ou need to perform atransformation using each element in acol | ect i on.

5.16.2. Solution

UseCol l ectionUtils.transform() . Supply acCol | ecti on and aTransf or mer to this method, and this utility will pass
each element in the Col | ect i on to that Tr ansf or ner , returning anew Col | ect i on containing the results of each
transformation. The following example demonstrates the use of t ransf orn{ ) with acustom Tr ansf or mer object:

i mport java.util.?*;
i nport org. apache. conmons. col | ecti ons. Tr ansf or ner ;
i mport org.apache. conmons. col | ections. Col | ectionUtils;
i nport org.apache. conmons. | ang. ArrayUtil s;
i mport org.apache. commons. | ang. Stri ngUtils;
/]l Create a transforner that reverses strings.
Transforner reversingTransformer = new Transformer( ) {
public Object transforn{Cbject object) {
String string = (String) object;
return StringUils.reverse( string );

}

String[] array = new String[] { "Aznar", "Blair", "Chirac", "Putin", "Bush" };
Li st stringList = Arrays.asList( ArrayUils.clone( array ) );
/1 Transform each el enent with a Transforner
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Col l ectionUils.transform( stringlList, reversingTransforner );
Systemout.printin( "Original: " + ArrayUtils.toString( array ) );
Systemout.println( "Transforned: " +

ArrayUtils.toString( stringList.toArray( ) ) );

This example createsaLi st of strings, transforming each element with a Tr ansf or mer that produces reversed strings. The
Li st istransformed in-place, which means that the contents of the Li st are replaced with the output from thet r ansf or n(
) method of the Tr ansf or mer . As expected, the transformed Li st contains reversed strings:

Oiginal: Aznar, Blair, Chirac, Putin, Bush
Transfornmed: ranzA, rialB, carihC, nituP, hsuB

CollectionUtils.transform( ) doesnotonly apply to Li sts; any object implementing the Col | ect i on interface can be
used with this utility.

5.16.3. Discussion

Tr ansf or mer S are another form of functor that transforms one object into ancther, leaving the original object unchanged.
Transf or ner isavery straightforward interface, simply requiring the presence of at r ansf or n{ ) method. The

Transf or mer interface, like pr edi cat e, isaugmented by a number of useful built-in implementations, which can combine
the effects of multiple transformers. One of these Tr ansf or mer implementationsis the chai nedTr ansf or ner , which
allows you to create alinear pipeline of transformations. The following example demonstrates the use of a

Chai nedTr ansf or mer to transform the contents of aCol | ecti on:

i mport java.util.?*;
i mport org. apache. commons. col | ecti ons. Tr ansf or ner;
i nport org.apache. conmons. col | ecti ons. fi nctors. Chai nedTr ansf or mer ;
i mport org. apache. conmons. col | ections. Col | ectionUtils;
i nport org.apache. conmons. | ang. ArrayUtil s;
i mport org.apache. commons. | ang. Stri ngUtils;
/] Create a transforner that multiplies a nunber by 10
Transformer multiplyTransform = new Transforner( ) {

public Object transforn{Cbject object) {

Integer integer = (lnteger) object;
return new I nteger( integer.intValue( ) * 10 );

}

}

/] Create a transforner that subtracts 20 from a nunber
Transf ornmer subtract Transform = new Transforner( ) {
public Object transform Object object) {
Integer integer = (Integer) object;
return new Integer( integer.intValue( ) - 20 );
}
}
/] Chain the transformers together
Transforner transformChai n = new Chai nedTr ansf or mer (
new Transforner[] { multiplyTransform subtractTransform} );
/'l Create a List of Integer objects
int[] array = newint[] { 1, 2, 3, 4, 5, 6, 7, 8 };
List intList = Arrays.asList( ArrayUtils.toObject( array ) );
CollectionUils.transforn( intList, transformChain );
Systemout.println( "Original: " + ArrayUils.toString( array ) );
Systemout.println( "Transformed: " +
ArrayUtils.toString( intList.toArray( ) ) );
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Two transformers, mul ti pl yTr ansf or mand subt r act Tr ansf or m are defined as anonymous inner classes, which
implement the Tr ansf or ner interface. These two Tr ansf or mer S are combined in a Chai nedTr ansf or mer . An array of i nt
primitives is converted to an array of I nt eger objectsusing ArrayUtils. t oQbj ect ( ). Thisobject array isthen converted
toaLi st, whichistransformed using Col | ecti onUti | s. transforn( ). The transformation multiples each element by 10
and subtracts 20, producing the following output:

Oiginal: 1, 2, 3, 4, 5 6, 7, 8
Transfornmed: -10, 0, 10, 20, 30, 40, 50, 60

5.16.4. See Also

In addition to the Chai nedTr ansf or ner , there are a number of other useful Tr ansf or mer implementations that ship with
Commons Collections. The Chai nedTr ansf or mer and other Tr ansf or mer implementations are discussed in depth in
Chapter 4. For more information about the various implementations of Tr ansf or ner , see the Commons Collections
project (http://commons.apache.org/collections).

5.17. Creating a Least Recently Used Cache

5.17.1. Problem

Y ou heed to present common data to many clients, and you want to cache this common datain a data structure of limited
size, evicting the least recently used entry when the maximum size limit has been reached.

5.17.2. Solution

Use LRuvap—a fixed size map that uses the least recently used algorithm to evict entries once the maximum size has been
reached. The least recently used algorithm evicts the element that has not been used for the longest amount of time. The
following example demonstrates the use of an LRuvap to store stock quotes:

i nport java.util. Map;
i mport org. apache. commons. col | ecti ons. nap. LRUMap;
cache = new LRUMap( 5 );

/'l Popul ate the cache with 5 stock prices
cache. put ( "MSFT", new Float( 0.03 ) );
cache. put( "TSC', new Float( 0.001 ) );
cache. put( "LU', new Float( 23.30 ) );
cache. put ( "CSCO', new Float( 242.20 ) );
cache.put( "P", new Float( 10.23 ) );

/1 Now use sone of the entries in the cache

Fl oat cscoPrice = (Float) cache.get( "CSCO' );
Fl oat nmsPrice = (Float) cache.get( "MSFT" );

Fl oat tscPrice = (Float) cache.get( "TSC' );

Fl oat |uPrice = (Float) cache.get( "LU' );

Fl oat pPrice = (Float) cache.get( "P" );

Fl oat nmsPrice2 = (Float) cache.get( "MSFT" );

/1l Add another price to the Map, this should kick out the LRU item
cache. put ( "AA", new Float( 203.20 ) );

[/ CSCO was the first price requested, it is therefore the
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/] least recently used.
i f( !cache.contai nskey("CSCO') ) {
Systemout.println( "As expected CSCO was di scarded" );

}

Since the LRuvap created in this example can only hold five elements, the "CSCQO" quoteis evicted when "AA" is added to
the map because it is the "least recently used."

5.17.3. Discussion

An LRUvap is appropriate when a system presents common data to a number of clients. For example, if aweb site displays
breaking news stories, objects representing these stories can be stored in a size-limited cache with an LRU eviction palicy,
such as LRuvap. Demand for objects that represent breaking news stories can be very time sensitive; many customers read
the same story at the same time. Y our application server has asize-limited LRuMap that holds 100 news stories, and, when
anew story is added, the LRUvap evicts the stalest story in the Map.

5.18. Using a Lazy Map

5.18.1. Problem
Y ou heed aMap that can populate avalue when its corresponding key is requested.

5.18.2. Solution

Decorate a vap With LazyMap. Attempting to retrieve avalue with akey that is not in a vap decorated with Lazymap will
trigger the creation of avalue by aTr ansf or ner associated with this Lazymap. The following example decorates a
HashMap with aTransf or mer that reverses strings, when akey is requested, avalueis created and put into the vap using
this Tr ansf or mer :

i mport java.util.?*;
i nport org. apache. conmons. col | ecti ons. Tr ansf or ner ;
i mport org. apache. conmons. col | ecti ons. map. LazyMap;
i mport org. apache. commons. | ang. StringUtil s;
/l Create a Transfornmer to reverse strings - defined bel ow
Transfornmer reverseString = new Transformer( ) {
public Object transfornm( Object object ) {
String nane = (String) object;
String reverse = StringUtils.reverse( name );
return reverse;
}
}
/|l Create a LazyMap call ed | azyNanes, which uses the above Transforner
Map names = new HashMap( );
Map | azyNanes = LazyMap. decorat e( nanmes, reverseString );
[/l Get and print two nanes
String nane = (String) |azyNanes.get( "Thomas" );

Systemout.println( "Key: Thomas, Value: " + name );
nane = (String) |azyNanes.get( "Susan" );
Systemout.println( "Key: Susan, Value: " + nane );
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Whenever get ( ) iscalled, the decorated Map passes the requested key to aTr ansf or mer, and, in this case, areversed
string is put into avap as avalue. The previous example requests two strings and prints the following outpuit:

Key: Thomas, Val ue: samohT
Key: Susan, Val ue: nasuS

5.18.3. Discussion

LazyMap works best when akey isasymbol or an abbreviation for amore complex object. If you are working with a
database, you could create aLazyMap that retrieves objects by a primary key value; in this case, the Tr ansf or mer simply
retrieves a record from a database table using the supplied key. Another example that springs to mind is a stock quote; in
the stock exchange, a company is represented as a series of characters: "YHOO" represents the company Y ahoo!, Inc., and
"TSC" represents TheStreet.com. If your system deals with a quote feed, use aLazyMap to cache frequently used entries.
Example 5-17 uses aLazyMap to create a cache populated on demand, and it also demonstrates the LRuvap—a fixed-size
implementation of the vap introduced in Recipe 5.17.

Example 5-17. Exampleusing a LazyMap

package com di scursive. jccook. col | ections. | azy;
i mport java. net. URL;
i mport java.util. Mp;
i mport org. apache. conmons. col | ecti ons. map. LRUVAp;
i mport org.apache. cormons. col | ecti ons. map. LazyMap;
public class LazyMapExanpl e {
Map st ockQuot es;
public static void main(String[] args) throws Exception {
LazyMapExanpl e exanpl e = new LazyMapExanpl e( ) ;
exanpl e.start( );

public void start( ) throws Exception {

St ockQuot eTr ansf or ner sqTransfornmer = new St ockQuoteTransformer( );
sqTransf ormer. set Quot eURL( new URL("http://quotes. conpany. conl') )
sqTr ansf or mer. set Ti neout ( 500 );

/] Create a Least Recently Used Map with max size = 5

st ockQuotes = new LRUMap( 5 );

/| Decorate the LRUVap with the StockQuoteTransf ornmer
stockQuot es = LazyMap. decorate( stockQuotes, sqTransforner );

/1 Now use sone of the entries in the cache
Float price = (Float) stockQuotes.get( "CSCO' );

price = (Float) stockQuotes.get( "MFT" );
price = (Float) stockQuotes.get( "TSC' );
price = (Float) stockQuotes.get( "TSC' );
price = (Float) stockQuotes.get( "LU" );
price = (Float) stockQuotes.get( "P" );
price = (Float) stockQuotes.get( "P" );
price = (Float) stockQuotes.get( "MFT" );
price = (Float) stockQuotes.get( "LU" );

/'l Request another price to the Map, this should kick out the LRU item
price = (Float) stockQuotes.get( "AA" );

/] CSCO was the first price requested, it is therefore the
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/] least recently used.
i f( !stockQuotes. containsKey("CSCO') ) {
Systemout.println( "As expected CSCO was di scarded" );

}

The Transf or mer in Example 5-17 is an abject that takes a string and hits a URL using Apache HttpClient—a utility
introduced in Chapter 11. Every time a new symbol is encountered, this Tr ansf or mer creates another thread with a
timeout and hits a"quote server" that is configured to return the latest price for that company's symbol. Example 5-18
definesa st ockQuot eTr ansf or ner that retrieves a quote by passing a stock symbol as a URL parameter.

Example 5-18. A StockQuoteTransfor mer

package com di scursive. jccook. col | ections. | azy;
i mport java. net. URL;
i mport org. apache. conmons. col | ecti ons. Tr ansf or ner ;
i nport org.apache. cormons. httpclient. HttpCient;
i mport org.apache. conmons. httpclient. H t pURL;
i mport org.apache. conmons. htt pclient. nmet hods. Get Met hod;
public class StockQuoteTransformer inplenents Transformer {
protected URL quot eURL;
protected | ong tineout;
public Object transform Object synbol) {
Quot eRetriever retriever = new QuoteRetriever( (String) symbol );

try {
Thread retrieveThread = new Thread( retriever );

retrieveThread.start( );
retrieveThread.join( tineout );

} catch( InterruptedException ie ) {
Systemout.println( "Quote request tined out.");

}

return retriever.getResult( );

}
public URL get QuoteURL( ) { return quoteURL; }

public void set QoteURL(URL url) { quoteURL = url; }
public long getTineout( ) { return tinmeout; }
public void setTineout(long I') { tineout =1; }

public class QuoteRetriever inplenents Runnabl e {
private String synbol;
private Float result = new Float( Float.NaN );

public QuoteRetriever(String synbol) {
thi s. synbol = synbol ;
}

public Float getResult( ) {
return result;

}

public void run( ) {
Htpdient client = new HtpCient( );

try {
Htt pURL url = new Htt pURL( quoteURL.toString( ) );
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url.set Query( "synbol", synbol );

Get Met hod get Met hod = new Get Met hod( url.toString( ) );
client.execut eMet hod( get Met hod );
String response = get Met hod. get ResponseBodyAsStri ng( );

result = new Float( response );
} catch( Exception e ) {

Systemout.println( "Error retrieving quote" );
}

The point of this example isto demonstrate the power of decorating an LRUVap With LazyMap and to write a Tr ansf or mer
that can fetch a piece of data from another server, not that the St ockQuot eTr ansf or mer uses Apache HttpClient.

5.18.4. See Also
For more information about A pache HttpClient, see Chapter 11. For more information about the LRUvap, see Recipe 5.17.

5.19. Counting Objects in a Collection

5.19.1. Problem
Y ou need to count the number of times an object occursinacol | ecti on.

5.19.2. Solution

UseCol | ectionUti| s methods count Mat ches() Or cardi nality() .count Matches( ) takesacCol | ection and a

Pr edi cat e, returning the number of elements that satisfy that Predi cat e. cardi nal i ty( ) takesan j ect and a

Col | ect i on, returning the number of items equal to the supplied tbj ect . The following example demonstrates the use of
both methods to count the number of times an tvj ect occursinacol | ecti on:

i mport java.util.*;

i mport org.apache. conmons. col | ecti ons. Predi cat e;

i mport org. apache. conmons. col | ecti ons. funct or s. Equal Pr edi cat e;

i nport org. apache. conmons. col | ecti ons. Col | ecti onUtil s;

i mport org.apache. conmons. | ang. ArrayUtil s;

String[] array = new String[] { "A*, "B, "C', "C', "B", "B" };

Li st stringList = Arrays. asList( array );

Pr edi cat e equal Predi cate = new Equal Predi cate("C");

i nt numberCs = Col l ectionUtils.countMatches( stringList, equal sPredicate );
i nt nunmberBs = Col |l ectionUtils.cardinality( "B", stringList );

Systemout.println( "List: " + ArraUtils.toString( array ) );

Systemout. println( "Nunber of Cs: " + nunberCs );

System out. println( "Nunber of Bs: " + nunberBs );

When used with the Equal Pr edi cat e, count Mat ches( ) performsthe same function ascardi nality( ). Thisexample
produces the following output.
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List: A, B, C, C B, B
Nunmber of Cs: 2
Nunmber of Bs: 3

5.19.3. Discussion

count Mat ches( ) isnot limited to counting the number of elementsin acol | ecti on equal to an object; this method can
also be used to count objects that meet any arbitrary pr edi cat e. For example, you could count the number of elementsin
alist that match a composite predicate or a custom predicate. The following example demonstrates the use of

count Mat ches( ) to count the number of objects that match a custom predicate:

i mport java.util.?*;
i mport org.apache. cormons. col | ecti ons. Predi cat e;
i mport org. apache. commons. col | ecti ons. funct ors. Equal Predi cat e;
i mport org. apache. conmons. col | ections. Col | ectionUti | s;
i mport org.apache. conmons. | ang. ArrayUtil s;
int[] array = newint[] { 1, 2, 3, 4, 5 6, 7, 8 9, 10 };
List intList = Arrays.asList( ArrayUtils.toObject( array ) );
Predi cate i sEvenPredicate = new Predicate( ) {

publ i c bool ean eval uat e(Cbj ect object) {

I nteger value = (Integer) object;

return ( (value.intValue( ) %2) ==0 );
}
}
i nt nunmber Even = Col | ectionUtils.countMatches( intList, isEvenPredicate );
Systemout.println( "List: " + ArrayUtils.toString( array ) );
System out. println( "Nunmber of Even Numbers: " + nunber Even );

This example counts the number of even numbersin acol | ecti on; thei sEvenPr edi cat e iSan anonymous inner class
that implements the Pr edi cat e interface. ThisPr edi cat e iSpassed to Col | ecti onUti | s. count Mat ches( ), producing the
following output:

List: 1, 2, 3, 4, 5 6, 7, 8, 9, 10
Nunmber of Even Nunbers: 5

Col l ectionUtils can also return afrequency map for every object inacol | ecti on; calling

Col l ectionUtils. get CardinalityMap( ) returnssuch amap. The keys of this vap are the distinct objectsin the

Col I ecti on, and the values are | nt eger objects representing the number of times each object appearsin the Col | ect i on.
The following example demonstrates the creation of a frequency map from alist of strings:

i mport java.util.?*;

i mport org. apache. conmons. col | ecti ons. Predi cat e;

i mport org. apache. conmons. col | ecti ons. funct or s. Equal Pr edi cat e;

i mport org.apache. conmons. col | ections. Col | ectionUtils;

i mport org.apache. conmons. | ang. ArraylUtils;

String[] array = new String[] { "Red", "Blue", "Blue", "Yellow', "Red",
"Bl ack" };

Li st stringList = Arrays. asList( arrays );

Map cardinalityMap = Coll ectionUils. getCardi nalityMap( stringList );
Systemout.println( "List: " + ArrayUils.toString( array ) );
Systemout.println( "Cardinality Map:\n" + MapUils.

debugPrint( cardinalityMap ) );

A string array isconverted to aLi st of strings, and afrequency Map is created. This Map is printed using
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MapUtil s. debugPrint( ) :

Li st: Red, Bl ue,
Cardinality Mp:
{

Bl ue, Yellow, Red, Bl ack

Red = 3
Bl ue =
Yel | ow
Bl ack = 1

2
=1

5.19.4. See Also

If you are interested in the cardinality of objectsinacol I ecti on, consider using aBag. A Bag iSacCol | ecti on that
revolves around the cardinality of objectsit contains. Bag objects are described in Recipe 5.6.

5.20. Performing Set Operations

5.20.1. Problem

Y ou need to perform set operations to find the union, intersection, disjunction, and difference of two collections.

5.20.2. Solution

Use one of four Col | ecti onUti | s methods to perform set operations—uni on( ), i ntersection( ), disjunction(),and
subtract ( ) . Example 5-19 demonstrates the use of these four methods with two Col | ect i ons.

Example 5-19. Using CollectionUtils union( ), inter section( ), disunction( ), and subtract()

i mport java.util.?*;

String[] arrayA = new String[] { "21", "2, "3", "3", "4",

String[] arrayB = new String[] { "3", "4", "4", "5", "@"

List a = Arrays. asList( arrayA );

List b = Arrays. asList( arrayB );

Col l ection union = CollectionUils.union( a, b );
Col l ection intersection = CollectionUtils.intersection( a, b );

"5}
T Y

Col l ection disjunction = CollectionUtils.disjunction( a, b );

System out .
Syst em out .

Col | ecti on subtract

Col l ections.sort( union );

Col l ections.sort( intersection );
Col I ections.sort( disjunction );
Col l ections.sort( subtract );

= Col lectionUils.subtract( a, b );

println( "A

printl n(

"+ ArrayUtils.toString( a.toArray( ) ) );
"B:. " + ArrayUtils.toString( b.toArray( ) ) );

Systemout.printin( "Union: " + ArrayUtils.toString( union.toArray( ) ) );
Systemout.println( "Intersection: " +

ArrayUtils.toString( intersection.toArray( ) ) );
System out. println( "Disjunction: " +

ArrayUtils.toString( disjunction.toArray( ) ) );
Systemout.println( "Subtract: " + ArrayUtils.toString( subtract.toArray( ) ) );
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The previous exampl e performs these four operations on two Li st objects, a and b, printing the results with
ArrayUils.toString( ):

A {1,2,2,2,3,3,4,5}

B: {3,4,4,5,6,7}

Union: {1,2,2,2,3,3,4,4,5,6,7}
Intersection: {3,4,5}

Disjunction: {1,2,2,2,3,4,6,7}
Subtract: {1, 2,2, 2, 3}

5.20.3. Discussion

Pay close attention to how these four functions deal with cardinality. These four set operations on

Col I ectionUtils—union( ),intersection( ),disjunction( ),andsubtraction( )—all respect the cardinality of
objectsin both Col | ect i ons. Take, for example, the results of the union of a and b in the Solution; the union of a and b
containstwo "3" elements and two "4" elements. The cardinality of an element in aunion is the maximum cardinality of
the element in both Col 1 ect i ons. On the other hand, the cardinality of an element in an intersection is the minimum
cardinality of the element in both Col | ect i ons; thereisonly one"3" element and one "4" element in the intersection of a
and b.

Figure 5-3 illustrates each set operation with aVenn diagram. "A union B" is the combination of A and B, and "A
intersection B" is the common overlap of A and B. "A subtract B" isall elementsonly in A, and "A digunction B" isall
elementsin either A or B but not both.

Figure 5-3. Venn diagramsfor four set operationsin CollectionUtils

5.21. Retrieving Map Values Without Casting

5.21.1. Problem
Y ou heed to retrieve a primitive doubl e from amap, but the value is stored as a Doubl e object.

5.21.2. Solution

Use MapUti | s. get Doubl eVal ue() to retrieve aDoubl e object from aMap asadoubl e primitive. The following example
demonstrates get Doubl eVal ue( ) :

i mport java.util.?*;
i nport org.apache. conmons. | ang. ArrayUtil s;
i mport org.apache. conmons. col | ecti ons. MapUti | s;
Obj ect[] mapArray = new Object[][] {
{ "A", new Double( 2.0 ) },
{ "B", new Doubl e( 0.223242 ) },
{ "C', new Doubl e( 2828e4 ) },
{ "D', "GARBAGE"'} };
Map nunber Map = ArrayUtils.toMap( mapArray );

doubl e a = MapUtil s. get Doubl eVal ue( nunber Map, "A" );
double b = MapUti | s. get Doubl eVal ue( nunber Map, "B" );
double ¢ = MapUtil s. get Doubl eVal ue( numnber Map, "C' );
double d = MapUtil s. get Doubl evVal ue( nunber Map, "D', new Doubl e( Double.NaN ) );
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Systemout.printin( "A=" + a);
Systemout.printin( "B = + b );
Systemout.println( "C = +c);
Systemout.println( "D = +d);

Thissimple utility retrieves four doubles from nunber Map; the fourth call to get Doubl eval ue( ) suppliesadefault doubl e
to be returned if the value's type cannot be converted to adoubl e. This example produces the following output:

A=20
B = 0.223242
C = 28280.0
D = NaN

5.21.3. Discussion

This utility islaughably smple, but if you are working with numbers, this utility can help you avoid casting and calling
doubl eval ue( ). Inadditionto MapUti | s. get Doubl eVal ue( ), MapUti | s also containsthe MapUti | s. get Doubl e( )
method, which simply returns a Doubl e object. The following example demonstrates the various utility methods for
obtaining primitives and their corresponding object types from a Map:

i mport java.util.*;

i mport org.apache. conmons. col | ecti ons. MapUtil s;
Map map = new HashMap( );
map. put( "A", new Long( 3.4 )
map. put ( "B", new Short( 33 )
map. put( "C', "BLAH' );
Nurmber aNumber = MapUtil s. get Nunber ( map, "A" );
Long aLong = MapUtils. getLong( nmap, "A" )
long a = MapUtil s. get LongVval ue( map, "A"
short b = MapUtil s. get Short Val ue( map, "B" );

Byte ¢ = MapUtils.getByte( map, "C', Byte. MAX VALUE );

)
)

As shown in the previous example, MapUt i | s contains utility methods for working with byt es, shorts, and | ong, anong
other primitive types.

Table 5-1 details several related methods for Bool ean, Doubl e, and Nunber , which can retrieve objects and primitive
values from amvap. While Table 5-1 deals with Bool ean and Doubl e, you should be aware that similar methods exist for all
primitive types and corresponding objects.

Table5-1. Methods on MapUtils

Return type Signature

Bool ean get Bool ean(Map map, Object key) get Bool ean( Map
map, Object key, Bool ean default)

bool ean get Bool eanVal ue( Map nap, bject
key) get Bool eanBal ue( Map map, bject key,
bool ean default)

Doubl e get Doubl e(Map map, Object key) get Doubl e( Map
map, Object key, Double default)
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Return type

doubl e

Nunber

Signature

get Doubl eVal ue( Map map, bject
key) get Doubl eval ue( Map map, Object key,
doubl e default)

get Nunber (Map map, Object key) get Nunber ( Map
map, Object key, Nunber default)
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Chapter 6. XML

6.1. Introduction

Extensible Markup Language (XML) went from arisky buzzword to a ubiquitous data format in afew short years,
bringing with it an overwhelming array of tools, standards, APIs, and technologies. World Wide Web Consortium's
(W3C) publication of the initial XML recommendation in 1998 redefined the way information is represented, stored, and
exchanged, and it seems that a new standard involving XML is created every month: XSL, XML Query, XPointer, X Path,
XLink, XHTML, SVG, MathML, XForms, XML Encryption, SOAP, XML-RPC, WSDL, XML Schema, RelaxNG, and
the list continues. Such standards are accompanied by an almost endless series of standard APIs, such as SAX and DOM.
To further complicate matters, Sun Microsystems has created a number of Java APIs to handle most everything XML,
including JAXP, TrAX, JAXB, JAXM, JAX-RPC, JAXR, and SAAJ. It would take years to become an expert in each of
these standards, tools, and APIs, and, because of this, most programmers focus on the tip of the iceberg: SAX, DOM, a
little XPath, DTD, and XML Schema. This chapter focuses on parsing and data binding; reading a XML document and
creating an XML document from a set of objects.

More than afew developers have noted that parsing asimple XML document with SAX or DOM can be an unreasonably
complex task, especialy if oneissimply attempting to create a prototype. With SAX, you need to write a series of
callback methods like st art El enent () and endEl enent (), and in DOM, you need to write a not-trivial amount of code
to traverse aDocunent object. It isn't the case that you should never writeaDOM or SAX parser; there are some systems
that call for thislevel of control and complexity, and athorough knowledge of SAX, DOM, and JDOM is essential
knowledge for any developer. This chapter isn't looking to unseat the reigning standards; instead, this chapter ssimply
introduces you to some tools that sit on top of standard parsers and do some parsing dirty work in specific situations. A
very common task in any Java program is reading in an XML document and creating a set of objects, and Commons
Digester and Commons Betwixt make thistask as smple as it should be.

With almost atrillion different waysto parse or create a simple XML document, you can easily overlook atool that might
save days of programming time. Commons Digester, Commons Betwixt, Zeus, Quick, Apache XMLBeans, JAXB,
XStream, JiBX, and others are all projects and products that deal with the simple task of serializing objectsto XML and
unmarshalling XML to objects. Thisfield is crowded, and a number of these technologies have great promises and great
flaws. Just as this chapter was not written to convince you to abandon SAX and DOM, this chapter was also not written to
sell Digester or Betwixt over al other options. If you don't like what you see in this chapter, there are a variety of options,
and while the abundance of choice is overwhelming, open source is about having options and choices. This chapter
introduces you to two battle-tested options from Apache Commons—Commons Digester and Commons Betwixt.

Commons Digester makes the task of parsing XML exceedingly straightforward; with the Digester in hand, you can map
an XML document to a series of objects using asimple set of rules and a small amount of Java code. If you use Digester
with an XML rule set, it is possible to write a system that parses an XML document with three or four lines of compiled
code and no hardcoded logic dealing with document structure. Commons Betwixt maps beans to XML documents and
viceversa. The Beanw i t er class can be used to seriaize an object as an XML document, and the BeanReader can be used
to read an XML document. The XML produced by Betwixt can be customized with an XML document that controls such
things as whether properties are to be serialized as attributes or elements, how Collections are handled, or how property
names are converted to element or attribute names.

For more information about XML data binding, pick up a copy of Brett McLaughlin's Java & XML Data Binding
(O'Reilly) or Java & XML (O'Reilly). For more information about XML, see the W3C at http://www.w3c.org. For alist of
technologies, take alook at Ronald Bourret's XML Data Binding Resources

(http://www.rpbourret.com/xml/X ML DataBinding.htm).
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6.1. Obtaining Commons Digester

6.1.1. Problem

Y ou heed to use Commons Digester to quickly parse an XML document into a set of objects.

6.1.2. Solution
To use Commons Digester in a Maven 2 project, add the following dependency to your project's pom xm :

Example 6.1. Adding a Dependency on Commons Digester

<dependency>
<gr oupl d>commons- di gest er </ gr oupl d>
<artifactld>comons-di gester</artifactld>
<versi on>1. 8</ver si on>

</ dependency>

If you are not sure what this means, 1'd suggest reading Maven: The Definitive Guide. When you depend on alibrary in
Maven 2, al you need to do is add the dependency gr oupl d, arti f act I d, and ver si on t0 your project's dependencies.
Once you do this, Maven 2 will download the dependency and make it available on your project's classpath.

6.1.3. Discussion

Commons Digester started as a part of Struts, and it was moved to the Commons project by way of the Commons
Sandbox in early 2001. Digester is the mechanism Struts usesto read XML configuration; st rut s-confi g. xm isthe
main configuration point for Struts, and it is converted to a set of objects using the Digester. The Digester's most
straightforward application is the mapping of an XML document to a set of Java objects, but, as shown in this chapter and
Chapter 12, Digester can also be used to create asimple XML command language and search index. Digester is a shortcut
for creating a SAX parser. Almost anything you can do with a SAX parser can be done with Commons Digester.

6.1.4. See Also

For more information about Commons Digester, see the Commons Digester project page at
http://commons.apache.org/digester. For information about using the Digester to create a Lucene index, see Chapter 12.

6.2. Turning XML Documents into Objects

6.2.1. Problem

Y ou need to parse an XML document into an object graph, and you would like to avoid using either the DOM or SAX
APIsdirectly.

6.2.2. Solution
Use the Commons Digester to transform an XML document into an object graph. The Digester allows you to map an
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XML document structure to an object model in an external XML file containing a set of rulestelling the Digester what to
do when specific elements are encountered. In this recipe, the following XML document containing a description of a play
will be parsed into an object graph:

<?xm version="1.0"?>
<pl ays>
<pl ay genre="tragedy" year="1603" | anguage="engli sh">
<name>Han et </ name>
<aut hor>W | | i am Shakespear e</ aut hor >
<summar y>
Prince of Denmark freaks out, talks to ghost, gets into a
crazy nihilistic funk, and dies in a duel.
</ summar y>
<char act er s>
<char act er protagoni st="fal se">
<nane>C audi us</ nane>
<descri pti on>Ki ng of Denmar k</ descri pti on>
</ character>
<char act er protagonist="true">
<nane>Hanl et </ nanme>
<descr >
Son to the |late, and nephew of the present Kking
</ descr>
</ char act er >
<charact er protagonist="fal se">
<nane>Hor at i o</ nanme>
<descr >
friend to Hanl et
</ descr >
</ charact er>
</ char act er s>
</ pl ay>
</ pl ays>

This XML document contains alist of pl ay elements describing plays by William Shakespeare. One play element
describes "Hamlet"; it includes anare, aut hor , and summar y element aswell asachar act er s element containing

char act er elements describing charactersin the play. After parsing a document with Digester, each pl ay element will be
represented by a Pl ay object with aset of propertiesand aLi st of Charact er objects:

public class Play {

private String genre;

private String year;

private String | anguage

private String nane;

private String author;

private String summary;

private List characters = new ArrayList( );

/] accessors omtted for brevity

/1 Add nmethod to support adding el ements to characters.

publ i c voi d addChar act er (Character character) {
characters. add( character );

}

public class Character {
private String nane;
private String description
private bool ean protagoni st;
/1 accessors omitted for brevity
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The Digester maps XML to objects using a set of rules, which can be defined either in an XML file, or they can be
constructed programmatically by creating instances of Rul e and adding them to an instance of Di gest er . This recipe uses
an XML fileto create a set of rulesthat tell the Digester how to trandate an XML document to aLi st of Pl ay objects:

<?xm version="1.0"?>
<di gester-rul es>
<pattern val ue="pl ays/ pl ay">

<obj ect-create-rul e cl assname="xm . di gester. Pl ay"/>
<set - next-rul e nmet hodnane="add" paramntype="j ava.l ang. Obj ect"/>
<set-properties-rule/>
<bean- property-setter-rul e pattern="name"/>
<bean- property-setter-rul e pattern="summary"/>
<bean- property-setter-rul e pattern="author"/>

<!-- Nested Pattern for Characters -->
<pattern val ue="characters/character">
<obj ect-create-rul e cl assnane="xm . di gest er. Character"/>
<set - next - rul e net hodnane="addChar act er"
par ant ype="xnl . di gest er. Character"/>
<set-properties-rule/>
<bean- property-setter-rul e pattern="name"/>
<bean- property-setter-rul e pattern="descr"
propertynane="descri ption"/>
</ pattern>

</ pattern>
</ di gester-rul es>

This mapping document (or rule sets) can be explained in very straightforward language. It is telling Digester how to deal
with the document, "When you see an element matching the pattern pl ays/ pl ay, create an instance of

xm . di gest er. Pl ay, Set some properties, and push it onto a st ack (obj ect - creat e-rul e). If you encounter an element
within apl ay element that matches char act er s/ char act er , create an instance of xni . di gest er. Char act er , Set some
properties, and add it to the Pl ay object." The following code creates an instance of bi gest er from the XML rule sets
shown previoudly, producing apl ays Li st, which contains one Pl ay object:

i mport org.apache. conmons. di gest er. Di gester;

i mport org. apache. commons. di gest er. xm rul es. Di gest er Loader ;
Li st plays = new ArrayList( );

/'l Create an instance of the Digester fromthe XM rul e set
URL rules = getd ass( ).getResource("./play-rules.xm");

Di gester digester = DigesterLoader. createDi gester(rules);
/'l Push a reference to the plays List on to the Stack

di gest er. push(pl ays) ;

/1 Parse the XML docunent

I nput Stream i nput = getd ass( ).get ResourceAsStream("./plays. xm");
bj ect root = digester. parse(input);

[/ The XML document contai ned one play "Hanml et"

Play ham et = (Play) plays.get(0);

Li st characters = (List) haml et. get Characters( );

6.2.3. Discussion

Digester is simple, but there is one concept you need to understand: Digester uses a st ack to relate objects to one another.
In the previous example, set - next - r ul e tells the Digester to relate the top of the st ack to the next-to-top of the st ack.
Before the XML document is parsed, aLi st ispushed onto the st ack. Every time the Digester encounters apl ay element,
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it will create an instance of Pl ay, push it onto the top of the st ack, and call add( ) with Pl ay as an argument on the object
next to the top of the stack. Since the Li st isnext to the top of the st ack, the Digester is simply adding the Pl ay to the

pl ayLi st . Within the pattern element matching pl ays/ pl ay, there is another pattern element matching

char act er s/ char act er . When an element matching char act er s/ char act er isencountered, a Char act er object is
created, pushed onto the top of the st ack, and the addchar act er ( ) method is called on the next to top of the st ack.
When the char act er object is pushed onto the top of the st ack, the Pl ay object is next to the top of the st ack; therefore,
the call to addChar act er ( ) addsacharacter totheLi st of Charact er objectsin the Pl ay object.

Digester can be summed up as follows: define patterns to be matched and a sequence of actions (rules) to take when these
patterns are encountered. Digester is essentially short-hand for your own SAX parser, letting you accomplish the same
task without having to deal with the complexity of the SAX API. If you look at the source for the

or g. apache. commons. di gest er . Di gest er class, you seethat it implementsor g. xm . sax. hel pers. Def aul t Handl er and
that acall to parse( ) causesDi gest er to register itself as a content handler on an instance of or g. xn . sax. XM_Reader .
Digester issimply alightweight shell around SAX, and, because of this, you can parse XML just as fast with the Digester
as with a system written to the SAX API.

Digester rule sets can be defined in an external XML document, or programmatically in compiled Java code, but the
general rules are the same. The following code recreates the rule set defined in the previous XML rule set:

i nport org.apache. conmons. di gest er. BeanPropertySetterRul e;
i mport org.apache. conmons. di gest er. Di gest er;
i mport org. apache. commons. di gest er. Qbj ect Cr eat eRul e;
i mport org. apache. conmons. di gest er. Rul es;
i mport org. apache. conmons. di gest er. Set Next Rul e;
i mport org.apache. conmons. di gest er. Set Properti esRul e;
Di gester digester = new Digester( );
Rul es rul es = digester.getRules( );
/1l Add Rules to parse a play el enent
rul es. add( "plays/play", new bjectCreateRul e("xmn .digester.Play"));
rul es.add( "pl ays/play", new Set Next Rul e("add", "java.lang.oject") );
rul es. add( "plays/play", new SetPropertiesRule( ) );
rul es. add( "pl ays/ pl ay/ nane", new BeanPropertySetterRul e("nane") );
rul es. add( "pl ays/pl ay/ sunmary", new BeanPropertySetterRul e("summary") );
rul es.add( "pl ays/pl ay/author", new BeanPropertySetterRul e("author") );
/1 Add Rules to parse a character el enent
rul es. add( "plays/pl ay/ characters/character", new
bj ect Creat eRul e("xml . di gester. Character"));
rul es. add( "pl ays/pl ay/ characters/character",
new Set Next Rul e("addCharacter", "xml .digester.Character"));
rul es. add( "pl ays/pl ay/ characters/character", new SetPropertiesRule( ) );
rul es. add( "pl ays/ pl ay/ char act er s/ char act er/ nane",
new BeanPropertySetterRul e("nane") );
rul es. add( "pl ays/pl ay/ charact ers/ character/description",
new BeanPropertySetterRul e("description") );

While thisis perfectly acceptable, think twice about defining Digester rule sets programmatically. Defining rule setsin an
XML document provides avery clear separation between the framework used to parse XML and the configuration of the
Digester. When your rule sets are separate from compiled code, it will be easier to update and maintain logic involved in
parsing; a change in the XML document structure would not involve changing code that deals with parsing. Instead, you
would change the model and the mapping document. Defining Digester rule setsin an XML document is arelatively new
Digester feature, and, because of this, you may find that some of the more advanced capabilities of Digester demonstrated
later in this chapter are not available when defining rule setsin XML.

6.2.4. See Also
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More information about Digester XML rule sets can be found in the package document for
or g. apache. cormons. di gest er. xni r ul es (http://commons.apache.org/digester/apidocs/index.html).

6.3. Namespace-Aware Parsing

6.3.1. Problem

Y ou need to parse an XML document with multiple namespaces.

6.3.2. Solution

Use Digester to parse XML with multiple namespaces, using di gest er . set NanespaceAwar e( t r ue) , and supplying two
Rul eSet objectsto parse elementsin each namespace. Consider the following document, which contains elements from
two namespaces: ht t p: / / di scur si ve. conf page and ht t p: / / di scur si ve. cont per son:

<?xm version="1.0"?>
<pages xm ns="http://discursive.com page"
xm ns: person="http://discursive. conl person">
<page type="standard">
<person: person firstNane="A" | ast Nanme="CGore">
<per son: r ol e>Co- aut hor </ per son: r ol e>
</ per son: per son>
<person: person firstNane="GCeorge" |astNanme="Bush">
<per son: r ol e>Co- aut hor </ per son: r ol e>
</ per son: per son>
</ page>
</ pages>

To parse this XML document with the Digester, you need to create two separate sets of rules for each namespace, adding
each Rul eSet object to b gest er with addRul eSet ( ). A Rul eSet adds Rul e objectsto an instance of bi gest er . By
extending the Rul eSet Base class, and setting the nanmespaceURI in the default constructor, the following class,

Per sonRul eSet , definesrulesto parsethe ht t p: // di scur si ve. cond per son nNamespace:

i mport org.apache. commons. di gest er. Di gest er;
i nport org.apache. conmons. di gest er. Rul eSet Base;
public class PersonRul eSet extends Rul eSet Base {
publ i c PersonRul eSet ( ) {
t hi s. namespaceURlI = "http://discursive.com person"
}
publ i c voi d addRul el nstances(Di gester digester) {
di gest er. addObj ect Creat e("*/ person”, Person. cl ass);
di gest er. addSet Next (" */ person”, "addPerson");
di gest er. addSet Properties("*/ person");
di gest er. addBeanPropertySetter("*/person/role", "role");

Per sonRul eSet extends Rul eSet Base , which is an implementation of the Rul eSet interface. Rul eSet Base adds support
for namespaces with a protected field nanespaceUR! . The constructor of Per sonRul eSet setsthe nanespaceUR field to
htt p: // di scursi ve. con per son, wWhich tellsthe bi gest er to apply these rules only to elements and attributesin the
htt p: // di scursi ve. conl per son hamespace. PageRul eSet extends Rul eSet Base and provides a set of rulesfor the

htt p://di scursive. com page hamespace:
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i nport org.apache. commons. di gest er. Di gest er;
i mport org.apache. conmons. di gest er. Rul eSet Base;
public class PageRul eSet extends Rul eSet Base {
publ i c PageRul eSet( ) {
t hi s. nanespaceURI = "http://discursive.com page";
}
public voi d addRul el nst ances(Di gester digester) {
di gest er. addoj ect Creat e("*/ page", Page. cl ass);
di gest er. addSet Next (" */ page", "addPage");
di gest er. addSet Properties("*/ page");
di gest er. addBeanPr opertySetter ("*/page/ sunmary", "sumrary");

Both Rul eSet implementations instruct the Digester to create a Page or aPer son object whenever either element is
encountered. The PageRul eSet instructs the Digester to create a Page object when apage element is encountered by using
awildcard pattern—+/ page. Both PageRul eSet and Per sonRul eSet USedi gest er. addSet Next () to add the objects just
created to the next object in the st ack. In the following code, an instance of Pages is pushed onto the Digester st ack, and
both Rul eSet implementations are added to aDi gest er using addRul eSet () :

i mport org.apache. commons. di gest er. Di gest er;

i nport org.apache. cormons. di gest er. Obj ect Cr eat eRul e;
i mport org. apache. conmons. di gest er. Rul eSet Base;

i mport org. apache. conmons. di gest er. Rul es;

i mport org.apache. conmons. di gest er. Set Next Rul e;
Pages pages = new Pages( );

Di gester digester = new Digester( );

di gest er. set NanespaceAwar e(true) ;

di gest er. addRul eSet ( new PageRul eSet ( ) );
di gester. addRul eSet ( new PersonRul eSet( ) );

di gest er. push( pages) ;

I nput Stream i nput = getd ass( ).get ResourceAsStream("./content.xm ");
di gest er. parse(i nput);

Page page = (Page) pages. getPages( ).get(0);

System out . printl n(page);

Because the PageRul eSet adds each Page object to the next object on the st ack, the Pages object has an addPage( )
method that accepts a Page object.

6.3.3. Discussion

Each of the Rul eset implementations defined a set of rulesin compiled Java code. If you prefer to define each set of rules
inan XML file, you may use the Fr onXni Rul eSet instead of the Rul eSet Base, as follows:

i mport org.apache. conmons. di gest er. Di gester;
i mport org.apache. commons. di gest er. xm rul es. FromXm Rul eSet ;
Pages pages = new Pages( );

Di gester digester = new Digester( );

di gest er. set NanespaceAwar e(true) ;

/] Add page nanmespace

di gest er. set Rul eNanmespaceURI ("http://di scursive. conl page") ;
URL pageRul es = getd ass( ).get Resource("./page-rules.xm");
di gest er. addRul eSet ( new FromXml Rul eSet ( pageRules ) );
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/1 Add person nanespace

di gest er. set Rul eNanmespaceURl ("http://di scursive. conl person");
URL personRul es = getd ass( ).get Resource("./person-rules.xm");
di gest er. addRul eSet ( new FromXm Rul eSet ( personRules ) );

di gest er. push( pages) ;

I nput Stream i nput = getd ass( ).get ResourceAsStrean("./content.xm");
di gester. parse(input);

Page page = (Page) pages. getPages( ).get(0);

System out . pri ntl n( page);

Calling di gest er . set Rul eNanmespaceURI () associates the Rul es contained in each Fr omxm Rul eSet with a specific
namespace. In the Solution, the Rul eSet Base protected field namespaceURI was used to associate Rul eSet objects with
namespaces. In the previous example, the namespace is specified by calling set Rul eNamespaceURI () before each
FromXm Rul eSet isadded to the di gest er because there is no access to the protected member variable, nanespaceUR
which Fr omXm Rul eSet inherits from Rul eSet Base. per son-rul es. xm containsan XML rule set for parsing the

htt p: //di scursi ve. com per son hamespace:

<?xm version="1.0"?>
<! DOCTYPE di gester-rul es PUBLIC
"-//Jakarta Apache //DTD digester-rules XM. V1.0//EN'
"http://commons. apache. or g/ di gest er/dtds/ di gester-rul es. dtd">
<di gester-rul es>
<pattern val ue="*/page" >
<obj ect-create-rul e cl assnane="com di scur si ve. j ccook. xm . bean. Page"/ >
<set - next - rul e net hodnanme="addPage"/ >
<set-properties-rule/>
<bean- property-setter-rul e pattern="sumrary" nane="sunmary"/>
</ pattern>
</ di gest er-rul es>

page-rul es. xm containsan XML rule set for parsing the ht t p: / / di scur si ve. conl page hamespace:

<?xm version="1.0"?>
<! DOCTYPE di gester-rul es PUBLIC
"-//Jakarta Apache //DTD digester-rules XM. V1.0//EN'
"http://commons. apache. or g/ di gest er/dtds/di gester-rul es. dtd">
<di gester-rul es>
<pattern val ue="*/person">
<obj ect-create-rul e cl assnane="com di scur si ve. j ccook. xm . bean. Person"/ >
<set-next-rul e net hodnane="addPer son"/>
<set-properties-rule/>
<bean- property-setter-rule pattern="role"/>
</ pattern>
</ di gest er-rul es>

6.3.4. See Also

For more information relating to the use of namespaces in the bi gest er, refer to the Javadoc for the
or g. apache. commons. di gest er package at http://commons.apache.org/digester/apidocs.

6.4. Creating a Simple XML Command Language
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6.4.1. Problem

Y ou would like to capture commands in an XML document, and create a framework to execute these commands.

6.4.2. Solution

Write a custom implementation of Rul e, and create arule set that instructs Commons Digester to invoke these rules when
specific elements are parsed. Consider the example of a system that sends an encrypted email. The following XML
document contains instructions for the primitive encryption of an email:

<?xm version="1.0"?>
<operations xm ns="http://discursive.comtextnani p">
<enmmi | to="tobrien@l scursive. cont
from="r oot @i scursi ve. conm' >
<repl ace search="0" replace="q"/>
<repl ace search="d" repl ace="2z"/>
<l owner/ >
<reverse/ >
</ emil >
</ oper ati ons>

Theemai | tag surrounds three elements—r epl ace, | over, and r ever se. The system that executes these commands
receivesamessage asast ri ng and runsthis st ri ng through three stages before sending an email to

t obri en@li scursi ve. com When the parser encountersther epl ace element, it replaces all occurrences of the contents of
the sear ch attribute with the contents of ther epl ace attribute. When the parser encounters al ower element, it transates
all charactersto lowercase; and when the parser encounters ar ever se element, it reverses the st ri ng. When the parser
encounters the end of the emai | element, the result of these four operationsis sent to the recipient specified in thet o
attribute of the emai | element.

i mport org.apache. commons. di gest er. Di gest er;

/'l Message object that holds text to mani pul ate
Message nmessage = new Message( );

nessage. set Text ( "Hello World!" );

Systemout.printin( "Initial Message: " + nessage.getText( ) );

/1 XML Docurment with set of commands

| nput Stream encrypt = getd ass( ).get ResourceAsStreanm("./encrypt.xm");
/1l Create Custom Rul es (or Conmmands)

Di gester digester = new Digester( );

di gester.addRul e( "*/email", new Email Rule( ) )

di gester.addRul e( "*/lower", new LowerRule( ) );
di gester. addRul e( "*/reverse", new ReverseRul e(

di gester. addRul e( "*/repl ace", new Repl aceRul e(

di gest er. push( nessage );

/| Parse the XML docunent - execute comrands
di gester. parse( encrypt );
Systemout.println("Resulting Message: " + nessage.getText( ) );

The Message object is abean with one St ri ng property: t ext . This Message object is pushed onto the Di gest er 's St ack
and is acted upon by each of the commands in the XML document encrypt . xni , shown previously. Thiscodeis
executed, and the following output is produced showing that the original message has been passed through two replace
commands, alowercase command, and a reverse command:

Intial Message: Hello World!
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Resul ting Message: !zlrqw glleh

This example defines three new extensions of Rul e: Emai | Rul e, Lover Rul e, Rever seRul e, and Repl aceRul e. Each of
these rules will retrieve and operate upon the root object from the Di gest er ; this"root" object is the bottom of the st ack,
and, in this case, the Message object pushed onto the Di gest er before parsing. These rules are assigned to patterns; for
example, the previous code associates the Emai | Rul e with the*/ enmai | pattern and the Lower Rul e with the*/ 1 ower
pattern. The Rul e object defines a series of callback methods to handle different stages of parsing an element—begi n( ),
body( ), end( ),andfinish( ). TheLowerRul e from the previous example overrides one method, and manipulates the
Message that which is on the top of the Di gest er St ack:

package com di scursive. jccook. xnl . bean;
i nport org. apache. conmons. di gester. Rul e;
i mport org.apache. commons. | ang. Stri ngUtils;
public class LowerRul e extends Rule {
public LowerRule( ) { super( ); }
public void body(String nanespace, String nanme, String text)
t hrows Exception {
Message nmessage = (Message) digester.getRoot( );
String lower = StringUtils.|owerCase( message.getText( ) );
message. set Text ( | ower );

Lower Rul e Uuses Stri ngUti I s from Commons Lang to trandate thet ext property of the Message object to lowercase. If
you need to write aRul e that can access attributes, you would override the begi n( ) method. The following class,
Repl aceRul e, extends Rul e and overridesthe begi n( ) method:

package com di scursi ve. j ccook. xm . bean;
i mport org.apache. conmons. di gest er. Rul e;
i mport org.apache. commons. | ang. Stri ngUtils;
i mport org.xnl.sax.Attributes;
public class Repl aceRul e extends Rul e {
public ReplaceRule( ) { super( ); }
public void begin(Attributes attributes) throws Exception {
Message nessage = (Message) digester.getRoot( );

String repl = attributes. getVal ue("search");
String with = attributes. getVal ue("repl ace");
String text = nessage. get Text( );

String translated =
StringUtils.replace( text, repl, with );
nmessage. set Text ( transl ated );

Repl aceRul e readsthe sear ch and r epl ace attributes, using Stri ngUti | s to replace all occurrences of the search Stri ng
inthetext property of Message with the replace st ri ng. The Emai | Rul e demonstrates a more complex extension of the
Rul e object by overriding begi n( ) andend( ):

i mport org.apache. conmons. di gest er. Rul e;
i nport org.apache. conmons. net.snt p. SMIPCl i ent ;
i mport org.xm .sax.Attri butes;
public class Email Rul e extends Rul e {
private String to;
private String from
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public Email Rule( ) { super( ); }

public void begin(Attributes attributes) throws Exception {
to = attributes. getValue( "to" );
from= attributes. getValue( "fronm );

public void end( ) throws Exception {
Message message = (Message) digester.getRoot( );

SMIPClient client = new SMIPClient( );
client.connect ("ww. di scursive. cont');
client.sendSi npl eMessage(from to, nessage.getText( ) );

}

Theenai | element encloses the four elements that control the primitive message encryption, and the end of this element
tells this rule to send an email to the address specified in thet o attribute recorded in begi n() . Emai | Rul e usesthe
sMrpd i ent from Commons Net to send asimple email inend( ).

6.4.3. Discussion

The Rul e class defines four methods that you can override to execute code when XML is parsed—begi n( ), body( ),
end( ),andfinish( ).begin( ) providesaccessto an element's attributes; body( ) provides accessto the element's
namespace, local name, and body text; end( ) is called when the end of an element is encountered; and fi ni sh( ) is
called after end( ) and can be used to clean up data or release resources, such as open network connections or files. When
using the Digester in this manner, you are using a technique much closer to writing a SAX parser; instead of dealing with
asinglest art El enent , Di gest er registersitself asa content handler with an XM Reader and delegatesto Rul e objects
associated with a given pattern. If you are simply dealing with attributes, elements, and text nodes, Commons Digester
can be avery straightforward alternative to writing a SAX parser.

6.4.4. See Also

ThisrecipeusesstringUti | s to manipulate text. For more information about St ri ngUti | s, see Chapter 2. An email
message is sent from the Emai | Rul e using the sMrPd i ent from Commons Net. For more information about Commons
Net, see Chapter 10.

6.5. Variable Substitution and XML Parsing

6.5.1. Problem

Y ou heed to parse XML that contains references to variables, and you need to replace these references with variable
values at parsetime.

6.5.2. Solution

Use Commons Digester's il t i Var i abl eExpander and the Vari abl eSubst i t ut or to expand variable referencesin an
XML document during a parse.

The following XML document contains four variable references—s${ emmi | . t o},
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or g. codehaus. cj cook: cj cook- content :jar: 0. 19, root, and Conmon Java Cookbook DocBook XM. Content —all of
which need to be replaced with values before the XML is parsed by the bi gest er:

<?xm version="1.0"?>

<emai | to="${emnil.to}" from="ceo@yzbl ah. con >
<subj ect >Pur chase Confirmati on: org.codehaus. cjcook: cjcook-content:jar:0.19</subject>
<priority>H gh</priority>

<nmessage>
Dear root, we appreciate your business. As CEO
of Big Software Conpany, Inc., | would like to

personal |y thank you for hel ping us become filthy rich
Your purchase of Conmon Java Cookbook DocBook XM. Content hel ped ne purchase an
even | arger boat for nyself. Thanks agai n.
</ message>
</ email >

This document represents a purchase confirmation message, and your system needs to unmarshall the above message to
the following class, Emi | :

public class Email {
private String to;
private String from
private String subject;
private String priority;
/| accessors onmitted for brevity.

The following XML rule set is similar to the rule set defined in Recipe 6.2. When the parser hitsan emsi | element, an
instance of Emai | is created and properties are popul ated:

<?xm version="1.0"?>
<di gester-rul es>
<pattern val ue="email ">
<obj ect-create-rul e cl assnane="com di scursi ve. j ccook. xm . bean. Enai | "/ >
<set - next -rul e met hodname="add" parantype="java. | ang. Obj ect"/>
<set-properties-rule/>
<bean- property-setter-rul e pattern="subject"/>
<bean- property-setter-rule pattern="priority"/>
<bean- property-setter-rul e pattern="nessage"/>
</ pattern>
</ di gest er-rul es>

This difference between this recipe and Recipe 6.2 is that our XML document contains variables to be replaced at parse
time. The following code creates a Map that contains variables referenced in the XML document being parsed. This code
creates the variable vap, reads the XML rule set from emai | - rul es. xm , and parses the XML document emai | . xm :

i mport org. apache. commons. di gest er. Di gest er;

i mport org. apache. conmons. di gest er. Substitutor;

i mport org.apache. conmons. di gester. substitution. MiultiVari abl eExpander;
i mport org.apache. conmons. di gest er. substitution. Vari abl eSubsti t utor;
i mport org.apache. conmons. di gest er. xm rul es. Di gest er Loader ;

// Read the Digester XML rule set and create Digester

URL rules = getC ass( ).getResource("./emil-rules.xm");

Di gester digester = DigesterlLoader.createDi gester(rules);

/1l Create object to push onto Di gester Stack

List emails = new ArrayList( );

di gester. push( emails );

/1l Create Map of vari abl es
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Map vars = new HashMap( );

vars. put("email.to", "ldavid@bo.cont);
vars. put ("user.nanme", "Tinm);

vars. put ("order.id", "1RR2E223WNVS" );
vars. put (" product. name", "Foundation" );

[/l Create an expander with the Map that matches ${var}

Mul ti Vari abl eExpander expander = new Ml ti Vari abl eExpander ( );
expander . addSour ce("$", vars);

/[l Create a substitutor with the expander

Substitutor substitutor = new Vari abl eSubsti tutor(expander);
di gester. set Substitutor(substitutor);

/1 Parse XML docunent

| nput Stream i nput = getd ass( ).get ResourceAsStreanm("./enuil.xm");
di gester. parse( input );

/!l Retrieve Email object

Email email = (Email) emails.get(0);
Systemout.println( "Email Subject: " + enmil.getSubject( ) );
Systemout.println( "Email To: " + email.getTo( ) );

Variable substitution is performed by avari abl eSubst i t ut or that has been configured with amul ti vari abl eExpander .
The Ml ti Vari abl eExpander retrieves variables from amap, and, in this example, the addSour ce( ) method is called
with a$ marker. This meansthat variables are referenced by surrounding avariable name with ${ and}- - ${vari abl e}.
The previous exampl e produces the following output, which demonstrates the substitution of variables:

Ermai | Subj ect: Purchase Confirmation: 1RR2E223WVS
Ermai | To: | davi d@bo. com

6.5.3. Discussion
Variable substitution is part parsing, part templating, and can be valuable when you need to specify a set of default
properties on a bean that need to be parameterized for different situations. The example in this recipe was an email

message confirming a purchase from an e-commerce system, but there are other situations where an object may need to be
personalized with a user identifier or a username.

6.5.4. See Also

For more information about other new features planned for Digester 1.6, see the current development Javadoc for the
Digester at http://commons.apache.org/digester/apidocs/index.html.

6.6. Obtaining Commons Betwixt

6.6.1. Problem
Y ou need to use Commons Betwixt to serialize and deserialize beans to and from XML documents.

6.6.2. Solution

To use Commons Betwixt in aMaven 2 project, add the following dependency to your project's pom xmni :
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Example 6.2. Adding a Dependency on Commons Betwixt

<dependency>
<gr oupl d>commons- bet wi xt </ gr oupl d>
<artifactld>commons-betw xt</artifactld>
<ver si on>0. 8</ ver si on>

</ dependency>

If you are not sure what this means, I'd suggest reading Maven: The Definitive Guide. When you depend on alibrary in
Maven 2, all you need to do is add the dependency gr oupl d, arti f act I d, and ver si on t0 your project's dependencies.
Once you do this, Maven 2 will download the dependency and make it available on your project's classpath.

6.6.3. Discussion

Betwixt allows you to trandate from beansto XML and vice versa. Beans are serialized to XML documents using a
BeanW i t er, and they are read from XML using a BeanReader . The structure of the XML can be automatically generated
or customized using an XML document to bind properties to elements or attributes.

6.6.4. See Also

For more information about Commons Betwixt, see the Commons Betwixt project page at
http://jcommons.apache.org/betwixt.

6.7. Turning Beans into XML Documents

6.7.1. Problem
Y ou need to create an XML document from a bean.

6.7.2. Solution

Use Commons Betwixt BeanW i t er to transform a bean to an XML document. The following code turns an instance of
the Pl ay object from Recipe 6.2 into an XML document:

i mport org.apache. conmons. bet wi xt.i 0. BeanWiter;

Play play = new Play( );

/1l popul at ePl ay popul ates all properties and nested Character objects
popul at ePl ay( play );

/1 Wite XM. docunent

BeanWiter beanWiter = new BeanWiter( );

beanWiter.enabl ePrettyPrint( );

beanWiter.wite( play );

System out. println( beanWiter.toString( ) );

A BeanW it er instanceis created, indentation is enabled with a call to enabl ePrettyPrint ( ), and the Pl ay object is
written to an XML document with beanwiter.wite( ). The previous example printsan XML document with structure
similar to the XML document parsed in Recipe 6.2 with the exception of the genr e, year, and | anguage elements. The
following XML document is produced by the call to beanwiter.wite() :
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<Pl ay>
<aut hor>W | | i am Shakespear e</ aut hor >
<char act er s>
<char act er >
<descri pti on>Ki ng of Denmar k</descri pti on>
<nane>C audi us</ nane>
<pr ot agoni st >f al se</ pr ot agoni st >
</ char act er >
<char act er >
<descri pti on>
Son to the late, and nephew of the present
ki ng
</ descri ption>
<nane>Hamn et </ name>
<pr ot agoni st >t r ue</ pr ot agoni st >
</ charact er>
<char act er >
<description>friend to Hanl et </ descri ption>
<nane>Hor at i o</ nanme>
<pr ot agoni st >f al se</ pr ot agoni st >
</ charact er>
</ char act er s>
<genr e>t r agedy</ genr e>
<l anguage>engl i sh</| anguage>
<nane>Hanl et </ name>
<summar y>
Prince of Denmark (Ham et) freaks out, talks to
father's ghost, and finally dies in a duel.
</ summar y>
<year >1603</ year >
</ Pl ay>

6.7.3. Discussion

Using the Beanw i t er isan easy way to create XML documents from beans, and if you don't have a preference for the
layout of the resulting XML document, it is the easiest way to serialize an object to XML. The Beanw i t er offers some
control over the appearance of the XML it generates. set EndOf Li ne( ) takesast ri ng that is used as aline termination
seguence. set Wit eEnpt yEl ement s( ) controls the way in which an empty element iswritten by Betwixt. If

set WiteEnpt yEl ements( ) ispassedtrue, an element will be written to the XML document even if there are no child
nodes or attributes. set | ndent ( ) takesast ri ng that is used as an indentation string when pretty printing—indented
output—is enabled using the enabl ePrett yPrint ( ) method on BeanwWiter.

When Betwixt encountersthe Li st of Char act er objects, it creates an element char act er s, which holds individual
charact er elements created by using introspection on the char act er class. This behavior is configurable, and you can
instruct Bet wi xt to omit the char act er s elementsin favor of multiple char act er child elements. Such a customization is
demonstrated in the Discussion of Recipe 6.8.

BeanW it er can also be used to write an XML document to an Qut put St reamor aw i ter by passingawiter or an
Qut put St r eamto the Beanw i t er constructor. The following code uses aBeanw i t er to write an XML document to
test. dat:

i mport org.apache. conmons. bet wi xt.i 0. BeanWiter;
Play play = new Play( );

popul at ePl ay( play );

/l Open a File Witer

Witer outputWiter = new FileWiter("test.dat");
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/] Pass FileWiter to BeanWiter

BeanWiter beanWiter = new BeanWiter( outputWiter );
beanWiter.set EndOf Li ne( "\r\n" );
beanWiter.setlndent( "\t" );

beanWiter. enabl ePrettyPrint( );

beanWiter.wite( play );

/]l Close FileWiter

outputWiter.close( );

Since the previous example contains acall to set EndOf Li ne( ), enabl ePrettyPrint( ), andsetIndent( ), test. dat
will have DOS-style line termination and Betwixt will use the tab character for indentation.

6.7.4. See Also

By default, Beanw i t er writes every bean property of Pl ay as an element. Recipe 6.8 shows you how to customize the
XML generated by Betwixt.

6.8. Customizing XML Generated from an Object

6.8.1. Problem

You are trying to create an XML document from a Java object, and you want to customize the layout and structure of the
generated XML document.

6.8.2. Solution

Use a Betwixt mapping file to customize the output of the Beanw i t er . Below is an example of a mapping file for the

Pl ay class, which was introduced in Recipe 6.2. When Betwixt serializes or deserializes an object to or from XML, it will
search for aresource, <cl assname>. bet wi xt , in the same package as the class to be written or read. The following XML
document—ri ay. bet wi xt —s stored in the same package as the Pl ay class, and it customizes the XML output from
Betwixt:

<info primtiveTypes="el enent">
<el ement name="pl ay" >
<attribute nanme="genre" property="genre"/>
<attribute nane="year" property="year"/>
<attribute nanme="I| anguage" property="1|anguage"/>
<addDef aul t s/ >
</ el enent >
</i nf o>

Thisfile tells Betwixt that genr e, year, and | anguage shall be stored as XML attributes, and that the remaining bean
properties are to be written as XML elements. The following code is used to create a customized XML document from an
instance of Pl ay:

i mport org.apache. commons. betw xt. i o;
Play play = (Play) plays.get(0);

BeanWiter beanWiter = new BeanWiter( );
beanWiter.enabl ePrettyPrint( );
beanWiter.wite( play );
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| ogger . debug( beanWiter.toString( ) );

Betwixt creates the following XML document, which storesthe genr e, year, and | anguage properties as attributes of the
pl ay element. The differences between this XML document and the XML document in Recipe 6.7 are emphasized:

<pl ay genre="tragedy" year="1603" | anguage="english">
<aut hor>W | | i am Shakespear e</ aut hor >
<char act er s>
<charact er protagonist="fal se">
<descri pti on>Ki ng of Denmar k</descri pti on>
<name>C audi us</ name>
</ charact er>
<char act er protagoni st="true">
<description>Son to the | ate,
<nane>Ham et </ name>
</ charact er>
<charact er protagonist="fal se">
<description>friend to Hanl et </ descri ption>
<nane>Hor at i o</ nanme>
</ char act er >
</ char act er s>
<nane>Ham et </ nanme>
<summar y>Pri nce of Denmark (Ham et) freaks out,
finally dies in a duel.</summary>

</ pl ay>

and nephew of the present king</description>

talks to father's ghost, and

6.8.3. Discussion
The previous example wrote the pr ot agoni st property of the Char act er classas an attribute of the char act er element.

This customization was accomplished by putting a Char act er . bet wi xt resource in the same package as the char act er
class. char act er . bet wi xt iSsshown here:

<info primtiveTypes="el enent">
<el enent nane="character">
<attribute nanme="protagonist" property="protagonist"/>
<addDef aul t s/ >
</ el ement >
</i nf o>

In addition to customizing the structure on an XML document, a Betwixt mapping file can also be used to change the
names of elements and attributesin an XML document. The following mapping file—another version of
Char act er . bet wi xt -writesthe descri pti on property of Char act er asabi o element:

<info primtiveTypes="el ement">
<el ement nanme="character">
<attribute nanme="protagonist" property="protagonist"/>

<el ement nane="bi 0" property="description"/>
<addDef aul t s/ >
</ el enent >
</i nf 0>

In thisrecipe, Betwixt has wrapped all char act er elementsin achar act er s element. If you prefer char act er elementsto
be child elements of pl ay, you can tell the XM_I nt r ospect or used by Beanw i t er to omit elements wrapping collections

with the following code:
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i nport org.apache. cormons. bet wi xt . i 0. BeanWi ter;
i mport org. apache. conmons. bet wi xt . XMLI nt r ospect or;
Play play = (Play) plays.get(0);

BeanWiter beanWiter = new BeanWiter( );
beanWiter.enabl ePrettyPrint( );
/1l Configure XML Introspector to omt collection elenments
XMLl ntrospector introspector = beanWiter.get XM.Introspector( );
i ntrospector.set WapCol | ecti onsl nEl enent (f al se) ;
beanWiter.wite( play );

| ogger. debug( beanWiter.toString( ) );

The previous code creates an XML document without the char act er s element:

<pl ay genre="tragedy" year="1603" | anguage="english">
<aut hor>W | | i am Shakespear e</ aut hor >
<charact er protagonist="fal se">
<descri pti on>Ki ng of Denmar k</ descri pti on>
<nane>d audi us</ nane>
</ charact er>
<charact er protagonist="true">
<description>Son to the |ate, and nephew of the present king</description>
<nane>Hamn et </ name>
</ char act er >
<charact er protagonist="fal se">
<description>friend to Hanl et </ descri pti on>
<nane>Hor at i o</ nanme>
</ charact er >
<name>Han et </ name>
<summar y>Pri nce of Denmark (Ham et) freaks out, talks to father's ghost, and
finally dies in a duel.</summary>
</ pl ay>

Betwixt also allows for the customization of element and attribute names; for example, if your class contains the property
maxi nunSpeed, it can be written as an attribute named maxi mum speed or MAXI MUM_SPEED, using the

Hyphenat edNarmeMapper Strategy. The same property could also be written as an el ement named Maxi nuntpeed, using the
Capi t al i zeNammeMapper Strategy. Different naming strategies can be used for el ements and attributes by passing instances
of NameMapper tO set El ement NameMapper () and set At t ri but eNameMapper () Onan XM.I nt rospect or . The following
code demonstrates the setting of both the attribute and element NameMapper On aBeanW i t er 'S XMLI nt r ospect or :

i mport org.apache. conmons. bet wi xt.i 0. BeanWiter;

i mport org.apache. conmons. bet wi xt. XM_I nt r ospect or ;

i mport org.apache. conmons. bet wi xt . strat egy. Capi t al i zeNaneMapper ;

i mport org.apache. conmpns. bet wi xt . strat egy. Hyphenat edNaneMapper ;
BeanWiter beanWiter = new BeanWiter( );

/1 Set NanmeMappers on XM.I ntrospect or

XMLl ntrospector introspector = beanWiter.get XM.Introspector( );

i ntrospector. set El ement NaneMapper ( new Capi t al i zeNaneMapper( ) );

i ntrospector.set Attri but eNaneMapper ( new Hyphenat edNaneMapper( ) );
beanWiter. wite( object );

6.8.4. See Also

For more information about possible customizations in Betwixt, see the "Binding Beans' section of the user guide at
http://commons.apache.org/betwixt/quide/binding.html .
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6.9. Turning XML Documents into Beans

6.9.1. Problem

Y ou need to convert an XML document into a Bean.

6.9.2. Solution

Use Betwixt's BeanReader to parse an XML document and create an instance of the appropriate bean. Register bean
classes with the BeanReader , and parse an XML document loaded from an | nput St r eam | nput Sour ce, Of Reader . The
following XML document will be parsed into the Pl ay and Char act er beans introduced in Recipe 6.2:

<pl ay genre="tragedy" year="1603" | anguage="english">
<aut hor>W | | i am Shakespear e</ aut hor >
<charact er protagonist="fal se">
<descri pti on>Ki ng of Denmar k</ descri pti on>
<nane>d audi us</ nane>
</ char act er>
<charact er protagonist="true">
<description>Son to the |ate, and nephew of the present king</description>
<nane>Hamn et </ name>
</ char act er >
<charact er protagonist="fal se">
<description>friend to Hanl et </ descri pti on>
<nane>Hor at i o</ nanme>
</ charact er>
<nane>Hanl et </ nanme>
<summar y>Pri nce of Denmark (Haml et) freaks out, talks to father's ghost, and
finally dies in a duel.</summary>
</ pl ay>

This XML document was created with BeanW i t er , using the customized format from Recipe 6.8. To read this XML
document with BeanReader , the Pl ay class will need to be registered with BeanReader and the XMLI nt r ospect or must
have the same settings as the XMLI nt r ospect or used when writing the document with Beanw i t er . The following code
instantiates and configures a BeanReader to read this customized XML for the Pl ay object:

i nport org.apache. conmons. bet wi xt . i 0. BeanReader ;
| nput St ream cust onPl ay =

get C ass( ).get ResourceAsStream("./custom zed-pl ay. xm ");
BeanReader beanReader = new BeanReader( );
beanReader . get XMLI ntrospector( ).set WapCol | ecti onsl nEl enent (f al se);
beanReader . r egi st er BeanC ass(Pl ay. cl ass) ;
Play play = (Play) beanReader. parse( custonPlay );

6.9.3. Discussion

Betwixt uses Commons Digester to parse XML, and the BeanReader object is an extension of the bi gest er . BeanReader
creates a Digester rule set using introspection and the Betwixt mapping files available on the classpath. Digester, as
introduced in the first half of this chapter, isaquick way to parse an XML document; all that is required to parse XML
with the Digester isarule set and alittle bit of code. Betwixt is built-upon Digester, and the BeanReader further reduces
the amount of work required to parse XML to abean. Instead of completing the process demonstrated in Recipe 6.2, you
can simply write afew, very manageable, . bet wi xt filesusing BeanReader to read the XML documents and BeanW i t er
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to write the XML documents.

When Betwixt is adding char act er objectsto the charactersLi st onaprl ay object, it's calling the addChar act er ()
method on the Pl ay object. Without thisaddChar act er ( ) object, Betwixt would not be able to populate this Li st .
Betwixt automatically recognizes a plural property name such aschar act er s, char act er Li st , Of char act er Set , and it
attempts to call the corresponding addChar act er () method. For more information about the algorithm Betwixt uses to
recognize composite properties, see "Using Adder Methods for Composite Properties” in the Betwixt user guide
(http://commons.apache.org/betwixt/guide/binding.html).

6.9.4. See Also

For more information about reading beans with Betwixt, see "Reading Beans' in the Betwixt user guide
(http://commons.apache.org/betwixt/guide/reading.html).
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Chapter 7. Application Infrastructure

7.1. Introduction

The plumbing of an application—command-line parsing, configuration, and logging—can be viewed as application
infrastructure. This chapter introduces a few tools to help applications work with configuration, arguments, and log files:
Commons CLI for command-line parsing, Commons Configuration for reading application configuration from properties
filesand XML documents, Commons Logging, and Log4J.

1.1. Depending on Commons CLI

1.1.1. Problem

Y ou need to use Commons CLI (Command-Line Interface) to parse an application's command-line arguments.

1.1.2. Solution
To use Commons CLI1 1.1 in aMaven 2 project, add the following dependency to your project's pom xm :

Example 7.1. Adding a Dependency on Commons CL |

<dependency>
<gr oupl d>commons- cl i </ gr oupl d>
<artifactld>commons-cli</artifactld>
<ver si on>1. 1</ ver si on>
</ dependency>

1.1.3. Discussion

If you are not sure what this means, 1'd suggest reading Maven: The Definitive Guide. When you depend on alibrary in
Maven 2, all you need to do is add the dependency gr oupl d, arti f act I d, and ver si on t0 your project's dependencies.
Once you do this, Maven 2 will download the dependency and make it available on your project's classpath.

1.1.4. See Also

For more information about the Commons CL I project, see the Commons CLI project page at
http://commons.apache.org/cli.

7.2. Parsing a Simple Command Line

7.2.1. Problem
Y ou need to parse a simple command line containing optional and required arguments.
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7.2.2. Solution

Use Commons CLI to parse program arguments. Populate an Opt i ons object to configure command-line parsing. Pass the
Options classand astring[] of argumentsto a ConmandLi nePar ser , which parses and returns a CommandLi ne object
capturing the supplied options and parameters.

For the purposes of this recipe, assume that you are attempting to parse a command line with three optional arguments: - h,
-v,and-f <filenane>.-h printsout asimple help message with usage information and avail able command-line options,
- v runs the program with verbose logging, and - f sends the output of the application to afile. To parse this command line,
your mai n( ) method would resemble the following code:

i nport org.apache. commons. cl i . CommandLi nePar ser ;

i mport org. apache. conmons. cl i . Basi cParser;

i mport org.apache. commons. cli. Opti ons;

i nport org. apache. conmons. cl i . CommandLi ne;

public static void main(String[] args) throws Exception {
/] Create a Parser
CommandLi nePar ser parser = new BasicParser( );
Options options = new Options( );

options. addOption("h", "help", false, "Print this usage information");
options. addOption("v", "verbose", false, "Print out VERBCSE information" );
options. addOption("f", "file", true, "File to save program out put to");

/| Parse the program argunents

CommrandLi ne commandLi ne = parser.parse( options, args );
/1l Set the appropriate variabl es based on supplied options
bool ean verbose = fal se;

String file = "";

i f( commandLi ne. hasOption('h") ) {
Systemout.println( "Hel p Message")
System exit (0);

i f( commandLi ne. hasOption('v') ) {
verbose = true;
}
i f( commandLi ne. hasOption('f"') ) {
file = commandLi ne. get Opti onVal ue('f');
}
}

7.2.3. Discussion

The Opt i ons object tells the CommandLi nePar ser to expect three arguments: - h, - v, and - £ . The first argument to
options. addOpti on( ) isthe short name or abbreviation of the option, and the second argument is the long name of the
argument. When the long name of an option is specified, either may be used as program arguments. For example, a
command line specifying short-name arguments, - h -v - f test. xnl , isequivaent to acommand line specifying
long-name arguments, - - hel p --version --fil e test.xn , and both short- and long-name arguments may be mixed in
the same command line. The third argument to opt i ons. addOpt i on() specifies whether the option takes a parameter; in
the previous example, only the file option expects a parameter. The fourth parameter isa st ri ng containing a description
of the option for a user.

An pt i ons object may be configured using the opt i ons. addOpt i on( ), Or an Opt i on object can be created and added to
the opt i ons object. The following code is equivalent to the call to opt i ons. addOpt i on( ) in the previous example, which
adds the help option:
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Option hel pOption = new Option("h", "Prints this usage information");
hel pOpti on. set LongOpt ( " hel p* );
options. addOpti on( hel pOption );

Both the opt i ons object andtheargs String[] are passed to par ser. parse( ), which returns a CommandLi ne object.
ConmandLi ne captures the supplied program arguments, and provides access to the supplied options and arguments.
commandLi ne. hasOpti on(* h') checksfor the presence of the optional help choice, and

conmandLi ne. get Opti onVal ue(' f') retrieves the filename argument for the file option.

7.2.4. See Also

In thisrecipe, Basi cPar ser , an implementation of CommandLi nePar ser , is used to parse command lines. This
implementation allows for mixed short- and long-name options; -f test. xm - - hel p. If you are developing an application
that needs to parse arguments using POSIX Conventions, use or g. apache. conmons. ¢l i . Posi xPar ser instead of

Basi cPar ser . If you need to parse arguments using the less strict GNU conventions, use the

or g. apache. conmons. cl i . GNUPar ser .

For background about the differences between POSIX and GNU standards, see Section 4.6 of the "GNU Coding
Standards" (http://www.gnu.org/prep/standards 18.html). For information about POSIX syntax guidelines, see Section
12.2, "Utility Syntax Guidelines' of "The Single UNIX Specification Version 3"
(http://www.unix-systems.org/online.html), also known as |EEE Standard 1003.1 and | SO/IEC 9945.

7.3. Parsing a Complex Command Line

7.3.1. Problem
Y ou need to parse acommand line with two exclusive options.

7.3.2. Solution

Store mutually exclusive Opt i on objectsin an Opt i onG oup, and add this Gpt i onGr oup to an Opt i ons oObject using the
addOpt i onG oup( ) method. Assume you are working with the following program argument specification: - h, -v, and - f
<filename>| -m <emai | >. -h and - v are both optional and only one of - f or - mcan be specified. If both -mand - f are
supplied as program arguments, an exception is thrown. In the following example, the - f and - moptions are added to an
Opt i onGr oup, Which isthen added to the opt i ons object used to parse the program arguments:

i mport org.apache. commons. cl i . CommandLi nePar ser ;
i mport org.apache. conmons. cl i . Basi cParser;
i mport org.apache. commons. cli. Opti ons;
i nport org.apache. commons. cli. Opti onBuil der;
i mport org.apache. conmons. cli.Opti onG oup;
i nport org. apache. commons. cl i . ConmandLi ne;
public static void main(String[] args) throws Exception {
/] Create a Parser
CommandLi nePar ser parser = new BasicParser( );
Options options = new Options( );
options. addOption("h", "help", false, "Print this usage information");
options. addOption("v", "verbose", false, "Print out VERBOSE information" );
Opti onG oup opti onG oup = new Opti onG oup( );
opti onG oup. addOpti on( OptionBuil der. hasArg(true).create('f') );
opti onG oup. addOpti on( OptionBuil der. hasArg(true).create('m) );
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options. addOpti onG oup( opti onG oup );

[/l Parse the program argunents

CommandLi ne commandLi ne = parser.parse( options, args );
/[l ... do inportant stuff

}

If the user supplies both - f and - mat the same time, the ConmandLi nePar ser will throw an Al r eadySel ect edExcept i on.

7.3.3. Discussion

In the Solution, the - f and - moptions were created using the Opt i onBui | der class. This utility letsyou build an opti on
object by chaining a series of method calls. For example, the following code creates arequired option, "b," which takes an
argument:

Option option = OptionBuil der. hasArgs(true).isRequired(true).create('b');

Opt i onGr oup oObjects are a good way to enforce the structure of command-line options. If you were parsing the command
linewith ast ri ngTokeni zer and keeping track of all of the specified options that may or may not have parameters, this
could involve 30 or 40 lines of code just to manage this validation process. By using Commons CL1, you delegate this
complexity and cut down on the amount of code you need to maintain.

7.3.4. See Also

What happensif a user specifies two options from an opt i onGr oup? Does the application just fail catastrophically from a
Runt i meExcept i on? Usually, if aprogram has a problem parsing command-line arguments, it will print out a helpful
usage message. "Printing Usage Information” demonstrates the use of CLI| to automatically create a usage message.

7.4. Printing Usage Information

7.4.1. Problem

Y ou need to provide the user with aformatted list of available options.

7.4.2. Solution

Pass an Opt i ons object to aHel pFor mat t er and print a usage message. Example 7-1 creates the same Opt i ons object
from Recipe 7.3. If the help option is specified, or if there is a problem parsing the program arguments, the pri nt Usage()
method is called to print usage information to Syst em out .

Example 7-1. Printing usage infor mation with HelpFor matter

i nport org. apache. conmons. cl i . CommandLi nePar ser ;
i mport org.apache. conmons. cl i . Basi cParser;
i nport org.apache. commons. cli. Opti ons;
i mport org.apache. commons. cli. Opti onBuil der;
i mport org.apache. commons. cli. Opti onG oup
i mport org. apache. conmons. cl i . CommandLi ne;
i mport org.apache. commons. cli. Hel pFormatter;
public class SoneApp {
private static final String USAGE = "[-h] [-Vv] [-f <file> | -m<emil>]";
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private static final String HEADER =
"SomeApp - A fancy and expensive program Copyright 2010 Bl ah.";
private static final String FOOTER =

public static void main(String[] args) throws Exception {
/] Create a Parser
CommandLi nePar ser parser = new Basi cParser( );
Options options = new Options( );
options. addOption("h", "help", false, "Print this usage information");
options. addOption("v", "verbose", false, "Print out VERBCSE information" );
Opti onG oup opti onGoup = new Opti onG oup( );
opti onG oup. addOpti on( OptionBuil der. hasArg(true).w t hArgNanme("file")
. W thLongOpt ("file").create('f"') );
opti onG oup. addOpti on( Opti onBuil der. hasArg(true).w t hArgNanme("email ")
. Wi thLongOpt ("email").create(' m) );
options. addOpti onG oup( optionG oup );
// Parse the program argunents
try {
CommandLi ne commandLi ne = parser. parse( options, args );
i f( commandLi ne. hasOption(' h") ) {
print Usage( options );
System exi t (0);
}

/[l ... do inmportant stuff
} catch( Exception e ) {
Systemout.println( "You provided bad program arguments!" );
print Usage( options );
Systemexit(1);
}
private static void printUsage(Options options) {
Hel pFormatter hel pFormatter = new Hel pFormatter( );
hel pFormatter.setWdth( 80 );
hel pFornatter. printHel p( USAGE, HEADER, options, FOOTER );

}

When this application is executed and the parser encounters an unexpected program argument, the following output is
produced:

You provi ded bad program ar gunent s!

usage: [-h] [-v] [-f <file>| -m <email >]

SomeApp - A fancy and expensive program Copyright 2010 Bl ah.
-f,--file <file>

-h,--help Print this usage information
-m--email <emil >
-v, --verbose Print out VERBGCSE infornation

For nore instructions, see our website at: http://ww. bl ahl23. org

7.4.3. Discussion

If an exception isthrown during par ser . parse( ), the application will print an error message and call pri nt Usage( ),
which creates aHel pFor mat t er object and sets the display width to 80 characters. hel pFor mat t er. pri nt Hel p( ) printsto
standard out and takes five parameters, including the Opt i ons object, which contains configuration for the

CommandLi nePar ser . The first parameter specified a usage string, which is an abbreviated specification of the program
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arguments: - h, -v,and-f <file>| -m <emai | >. The second argument is a header to print before the list of available
options. The third parameter isthe same Opt i ons object passed to the ConmandLi nePar ser . Hel pFor mat t er will usethis
Opt i ons object to print out the short name, long name, and description of each option. The fourth parameter is afooter to
display after the list of options.

1.1. Depending on Commons Configuration

1.1.1. Problem

Y ou need to use Commons Configuration to access configuration stored in properties filesand XML documents.

1.1.2. Solution
To use Commons Configuration 1.6 in a Maven 2 project, add the following dependency to your project's pom xmi :

Example 7.3. Adding a Dependency on Commons Configuration

<dependency>
<gr oupl d>commons- confi gur ati on</ gr oupl d>
<artifactld>commons-configuration</artifactld>
<versi on>1. 6</ versi on>
</ dependency>

1.1.3. Discussion

If you are not sure what this means, 1'd suggest reading Maven: The Definitive Guide. When you depend on alibrary in
Maven 2, al you need to do is add the dependency gr oupl d, arti fact | d, and ver si on t0 your project's dependencies.
Once you do this, Maven 2 will download the dependency and make it available on your project's classpath.

Commons Configuration is designed to provide access to application configuration in the form of properties files, XML
documents, JNDI resources, or datafrom a JDBC Dat asour ce. Commons Configuration also alows you to create a
hierarchical or multileveled configuration allowing for default settings to be selectively overridden by local configuration.
Commons Configuration also provides typed access to single- and multivalued configuration parameters.

1.1.4. See Also

For more information about the Commons Configuration project, see the Commons Configuration project page at
http://commons.apache.org/configuration.

7.6. Configuring Applications with Properties Files

7.6.1. Problem

Y ou heed to access configuration parameters as typed objects. In other words, you have configuration parameters that may
be numbers or lists of strings, and you want to access them as typed objects instead of first retrieving them asstri ng
objects from aProperti es object.
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7.6.2. Solution

Usethe Properti esConfi gur ati on from Commons Configuration in the or g. apache. conmons. conf i gur at i on package.
This class loads a properties file and provides access to numbers, arrays, and lists. The following properties file contains
three properties. speed is afloating-point number, nanes is a comma-separated list of strings, and correct isaboolean
value:

speed=23. 332
nanmes=Bob, Gaut am Jarr et, St ef an
correct =fal se

This propertiesfileisstored int est . properti es in the working directory of an application, which needs access to al
three propertiesasaf| oat , Li st , and bool ean. The following code creates aPr opert i esConfi gur ati on and accesses
each property:

i mport org. apache. conmons. confi gurati on. Confi gurati on;
i mport org. apache. conmons. confi gurati on. Properti esConfi guration;
Configuration config = new PropertiesConfiguration( "test.properties" );

float speed = config. getFl oat("speed"));
Li st nanes = config. getList("nanmes"));
bool ean correct = config. get Bool ean("correct");

7.6.3. Discussion

Passing a st ri ng to the constructor of Properti esConfi gurati on will load configuration properties from afile named
test. properti es. Properties are then referenced by the key of the property in the propertiesfile. Thisrecipe
demonstrates a modest improvement upon the existing Pr operti es class that ships with the J2SE. The methods provided
by the conf i gur ati on interface enable you to retrieve properties with a specific type, throwing a

Nurber For mat Except i on, O assCast Except i on, and NoSuchEl enent Except i on if thereisa problem finding or parsing a
property value.

7.6.4. See Also

For afull list of the methods provided by the Conf i gur at i on interface, see the Commons Configuration JavaDoc at
http://commons.apache.org/configuration/apidocs.

7.7. Configuring Applications with XML

7.7.1. Problem
Y ou need to configure an application with an XML document.

7.7.2. Solution

Use an implementation of XM_Conf i gur at i on to load configuration parameters from an XML document. The following
XML document contains configuration information that is loaded with a DOvConf i gur at i on object:

<?xm version="1.0" encodi ng="1 SO 8859-1" ?>
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<engi ne-confi g>
<start-criteria>
<criteria type="critical">
Tenper ature Above -10 Cel sius
</criteria>
<criteria>
Fuel tank is not enpty
</criteria>
</start-criteria>
<nane>
<first>Tonx/first>
<| ast >Payne</ | ast >
</ name>
<hor sepower >42</ hor sepower >
</ engi ne- confi g>

A DOMConf i gur at i on object uses the Xerces XML parser to parse an entire XML document into a DOM Docurrent object.
Subsequent calls to methods on the Conf i gur at i on interface cause the boMconf i gur at i on object to traverse nodesin the
Docunent . The code to read in this XML configuration with DoMconf i gur at i on follows:

i mport org. apache. conmons. confi gurati on. Confi gurati on;

i mport org.apache. conmons. confi gurati on. DOMConfi gurati on;

String resource = "com di scursive/jccook/configuration/global .xm";
Configuration config = new DOMConfi gurati on(resource);

/1l Retrieve a list of all Criteria elenments

List startCriteria = config.getList("start-criteria.criteria");

/1 Retrieve the value of the first criteria el enent

String firstCriteria = config.getString("start-criteria.criteria(0)");

/!l Retrieve the type attribute of the first criteria el enent

String firstCriteriaType = config.getString("start-criteria.criteria(0)[@ype]");
/] Retrieve the horsepower as an int

i nt horsepower = config.getlnt("horsepower");

7.7.3. Discussion

Passing a st ri ng to the constructor of DOvconf i gur at i on loads an XML document from the classpath as a resource. If
you need to load XML configuration from afile, passaFri | e object to the boviconf i gur ati on constructor. Configuration
parameters are retrieved using methods from the Conf i gur at i on interface, and parameters are referenced using a syntax
that resembles XPath. Subelements are referenced by appending a period and the subelement name to the name of an
element; in thisexample, nane. first referencesthe subelement fi rst of the element nane. Attributes are referenced by
prefixing an attribute name with an @ and surrounding the reference with brackets; in this example,
start-critera.criteria(0)[ @ype] referencesthet ype attribute of thecriteri a element. Specific elementsin alist of
elements are referenced by surrounding the index with parentheses; start-criteria.criteria(0) referencesthefirst
criteria€eement.

DOMConf i gur at i on Will only work if the Xerces XML parser is available in your classpath. If Xercesis not available, you
may use another implementation of XM_Conf i gur ati on, DOMAJConf i gur at i on, which iswritten to parse an XML
document using DOM4J. To use the DOv4J Conf i gur at i on, make sure that DOM4Jisin your classpath, and interchange
DOMAJ Conf i gur at i on With DOMConf i gur at i on from the previous example.

7.7.4. See Also
For more information about downloading the Xerces XML parser, see the Xerces project page at
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http://xml.apache.org/xerces.

For more information about downloading DOM4J, see the DOM4J project page at http://www.dom4j.org.

7.8. Using Composite Configuration

7.8.1. Problem

Y our application calls for amultilayered configuration where a set of default properties can be selectively overridden by
local or user configuration preferences.

7.8.2. Solution

Createaconfiguration. xm filethat contains references to multiple propertiesfiles, and passthisfileto a
Confi gurationFactory. A Confi gurati onFact ory Will then return a Confi gur at i on implementation that obtains
configuration parameters from multiple propertiesfile.

Table 7-1 lists configuration properties for an application. A global configuration layer defines default values for
configuration parameters. A local configuration layer allows you to customize the behavior of a system at a particular site,
and the user configuration layer refines configuration parameters for a specific user. When an application retrieves the
value of "name," the user layer's value of "Sean" overrides the global layer's value of "Default User."

Table 7-1. Threelayersof configuration

Property Global L ocal User
threads.max 50 30

threads.min 20 1
timeout 15.52

interactive TRUE

color red black
speed 50 55 75
name Default User Sean

Properties are stored in three separate files shown in Examples Example 7-2 (gl obal . properti es), Example 7-3
(1 ocal . properti es), and Example 7-4 (user . properti es).

Example 7-2. global. properties

t hr eads. max=50

t hr eads. m n=2

ti meout =15. 52

i nteractive=true
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col or=red
speed=50
name=Def aul t User

Example 7-3. local .properties

# Overrides d obal Props
t hr eads. max=30
speed=55

Example 7-4. user. properties

# Overrides Local Props
t hreads. m n=1

col or =bl ack

speed=5000

nanme=Sean

A configuration. xni fileprovidesaconfiguration for the Confi gur ati onFact ory. Thisfileis stored as aresource in the
classpath, and the URL for this resource is passed to the set Conf i gurati onURL( ) method of Confi gurati onFactory.
Thefollowing confi guration. xm will create a Conf i gur at i on object, which locates properties from properties files
using the override order defined in the XML document. user . properti es overrides! ocal . properti es, which overrides
gl obal . properties:

<?xm version="1.0" encodi ng="1S0O 8859-1" ?>
<confi gurati on>
<properties fileNane="user.properties"/>
<properties fileNanme="I|ocal.properties"/>
<properties fil eNane="gl obal . properties"/>
</ confi guration>

The following code passes the URL of the confi gurati on. xnl resource to aConfi gur ati onFact ory, and a

Confi gur at i on instance is returned, which resolves application configuration parameters according to the rules outlined
above:

i mport org.apache. conmons. confi gurati on. Confi gurati on;

i nport org.apache. conmons. confi gurati on. Confi gurati onFact ory;

/1 Configure Factory

ConfigurationFactory factory = new Configurati onFactory( );

URL configURL = this.getd ass( ).getResource("configuration.xm");
factory. set Configurati onURL( configURL );

Configuration config = factory. getConfiguration( );

/1 Print out properties

Systemout.println( "Timeout: " + config.getFloat("tinmeout"));
Systemout.println( "Max Threads: " + config.getString("threads. max"));
Systemout.println( "Name: " + config.getString("nane"));
Systemout.println( "Speed: " + config.getlnt("speed"));

This code executes and prints the value of four properties to the console. Theti meout property isretrieved from
gl obal . properti es, thet hreads. max property isretrieved from| ocal . properti es, and both speed and narme are
retrieved from user . properti es:
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Ti meout : 15.52
Max Threads: 30
Name: Sean
Speed: 75

7.8.3. Discussion

Theconfiguration. xm fileinstructsthe Confi gurati onFact ory to create a Conf i gur at i on implementation based on
multiple properties files. In the previous example, when the application retrieves a property, there is no parameter
signifying the source of the property. There is no mechanism for obtaining the source of a configuration property; in other
words, thereis no way for our application to see which properties file a particular value was obtained from, and there is no
mechanism for enumerating the propertiesin asingle propertiesfile. The confi gurati on. xni file "configures' the

Confi gurati onFact ory tO create aConf i gur at i on—complexity is hidden from the application and the source of
configuration can be changed with no effect to this example.

A configuration. xn filecanalsoinstruct aConfi gurati onFact ory to use amixture of properties filesand XML
documents. The following confi gurati on. xn instructsthe Confi gur at i onFact or y to create a Conf i gur at i on instance
that looks for properties from a properties file and an XML document:

<?xm version="1.0" encodi ng="1 SO 8859-1" ?>
<confi gurati on>
<properties fil eName="test.properties"/>
<domyj fileName="test.xm"/>
</ configuration>

With this configuration, a Conf i gur at i on instance will attempt to locate a property with a matching key in
test. properties beforeit attemptsto locate the matching property int est . xm . See Recipe 7.7 for more information
about retrieving configuration from XML documents.

7.8.4. See Also

In addition to properties files and XML documents, Commons Configuration can aso be instructed to resolve
configuration properties from a JNDI tree using or g. apache. conmons. conf i gur ati on. JNDI Conf i gur at i on. For more
information on accessing propertiesin a JNDI tree using Commons Configuration, see the "Configuration Overview" page
on the Commons Configuration project site (http://commons.apache.org/configuration/overview.htmt).

7.9. Depending on Commons Logging

7.9.1. Problem

Y ou need to use Commons Logging to develop a system that works under various logging frameworks, including Sun's
logging framework and Apache Log4J.

7.9.2. Solution
To use Commons Logging 1.0.4 in aMaven 2 project, add the following dependency to your project's pom xm :

Example 7.7. Adding a Dependency on Commons L ogging
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<dependency>
<gr oupl d>commons- | oggi ng</ gr oupl d>
<artifact!|d>commons-| oggi ng</artifactld>
<versi on>1. 0. 4</ ver si on>
</ dependency>

7.9.3. Discussion

If you are not sure what this means, 1'd suggest reading Maven: The Definitive Guide. When you depend on alibrary in
Maven 2, al you need to do is add the dependency gr oupl d, arti fact I d, and ver si on t0 your project's dependencies.
Once you do this, Maven 2 will download the dependency and make it available on your project's classpath.

Commons Logging was created for devel opers who need to create components or libraries that may need to operate in
environments with different logging frameworks, including Apache Log4J and the built-in logging framework introduced
in Java 1.4. Using Commons Logging, a component like Commons BeanUtils or Commons Digester can write log
messages to an abstracted Log interface, and Commons Logging can deal with passing these log messages to whichever
logging framework is available.

7.9.4. See Also

For more information about Commons L ogging, see the Commons Logging project site
(http://commons.apache.org/logding).

7.10. Using an Abstract Logging Interface

7.10.1. Problem

Y ou are writing areusable library, and you do not know where or how your code will execute. Y ou need to write log
messages to an abstracted logging interface because you cannot count on the presence of Log4J or JDK 1.4 logging.

7.10.2. Solution

Write messages to the Commons Logging Log interface, and rely on Commons Logging to decide which concrete logging
framework to use at runtime. The following code uses the Log interface to log trace, debug, info, warning, error, and fatal

messages:

i nport org. apache. conmons. | oggi ng. LogFact ory;
i mport org. apache. conmons. | oggi ng. Log
Log | og = LogFactory. getLog( "com di scursive.jccook. SomeApp" );
if( log.isTraceEnabled( ) ) {
log.trace( "This is a trace nessage" );

i f( log.isDebugEnabled( ) ) {
| og. debug( "This is a debug nessage" );

log.info( "This is an informati onal message" );
log.warn( "This is a warning" );

log.error( "This is an error" );

log.fatal ( "This is fatal" );
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LogFact ory. get I nst ance( ) returnsan implementation of the Log interface, which corresponds to an underlying
concrete logging framework. For example, if your system is configured to use Apache Log4J, aLog4JLogger is returned,
which corresponds to the Log4J category com di scur si ve. j ccook. SomeApp.

7.10.3. Discussion

The developers of areusable library can rarely predict where and when such alibrary will be used, and since there are a
number of logging frameworks currently available, it makes sense to use Commons Logging when devel oping reusable
components such as Commons components. When LogFact ory. get | nst ance() is called, Commons Logging takes care
of locating and managing the appropriate logging framework by testing a number of system properties and libraries
available on the classpath. For the developer of a small reusable component, the complexity ends at the callsto the Log
interface; the burden of configuring the underlying logging framework is shifted to the developer integrating this library
into alarger system.

7.10.4. See Also

Recipe 7.11 details the algorithm Commons Logging uses to identify the appropriate concrete logging framework to use at
runtime.

7.11. Specifying a Logging Implementation

7.11.1. Problem

Y ou are using a component that writes log messages with Commons Logging, and you need to configure the underlying
logging implementation.

7.11.2. Solution

If the system property or g. apache. conmons. | oggi ng. Log ishot set, Commons Logging will use Apache Log4Jif itis
available in the classpath. To explicitly configure Commons Logging to use Log4J, set the

or g. apache. commons. | oggi ng. Log property to or g. apache. commons. | oggi ng. i npl . Log4JLogger with the following
statement:

System set Property( "org.apache. cormons. | oggi ng. Log",
"or g. apache. conmons. | oggi ng. i npl . Log4JLogger" );

If the system property or g. apache. conmons. | oggi ng. Log is not set and Apache Log4J is not available on the classpath,
Commons Logging will then use the built-in JDK 1.4 logging framework. To explicitly configure Commons Logging to
use the JIDK 1.4 logging framework, set the or g. apache. commons. | oggi ng. Log property to

or g. apache. conmons. | oggi ng. i npl . Jdk14Logger .

If neither Apache Log4J nor the JDK 1.4 logging framework is available on the classpath and the

or g. apache. commons. | oggi ng. Log System property is not set, Commons Logging uses a basic logging implementation
named Si npl eLog. To explicitly configure Commons Logging to use Si npl eLog, Set the

or g. apache. conmons. | oggi ng. Log property to or g. apache. commons. | oggi ng. i npl . Si npl eLog.

7.11.3. Discussion
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To summarize, Commons Logging performs the following steps when choosing an underlying logging implementation:

1. Checkstheorg. apache. conmons. | oggi ng. Log System property. If this property is set, use the class specified in this
property.

2. Checksfor the presence of Log4Jin the classpath. If Log4Jis present, use aLog4JLogger instance.

3. Checksfor the presence of the JDK 1.4 logging framework. If JDK 1.4 is present, use a JDK14Logger instance.
If neither Log4J nor JDK 1.4 isavailable, use si npl eLog.

7.11.4. See Also

For more information about the configuration of Apache Log4J, see Recipe 7.13 and Recipe 7.14. For more information
about the configuration of the JDK 1.4 logging framework, see Sun's documentation of this framework at
http://java.sun.com/j2se/1.4.2/docs/quide/util/logging/.

Si npl eLog isavery simple logger that can be used when an application does not need a complex logging framework. For
more information about configuring Si mpl eLog Via system properties, read the Commons Logging JavaDoc at
http://commons.apache.org/| ogaing/api/index.html.

7.12. Depending on Apache Log4J

7.12.1. Problem
Y ou need to use Apache Log4J to print statements to alog file for informational or debugging purposes.

7.12.2. Solution
To use Apache Log4J 1.2.15 in aMaven 2 project, add the following dependency to your project's pom xmi :

Example 7.8. Adding a Dependency on Apache L og4J

<dependency>
<gr oupl d>l og4j </ gr oupl d>
<artifactld>l og4j</artifactld>
<versi on>1. 2. 15</ ver si on>
<excl usi ons>
<excl usi on>
<gr oupl d>j avax. j ms</ gr oupl d>
<artifactld>jnms</artifactld>
</ excl usi on>
<excl usi on>
<gr oupl d>com sun. j dnk</ gr oupl d>
<artifactld>j nxt ool s</artifactld>
</ excl usi on>
<excl usi on>
<gr oupl d>com sun. j nx</ gr oupl d>
<artifactld> nxri</artifactld>
</ excl usi on>
</ excl usi ons>
</ dependency>
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7.12.3. Discussion

Apache Log4J (formerly known as Jakarta Log4J) is a highly configurable logging framework providing hierarchical
loggers, various log destinations, and log formats. M essages are written to Log4J Logger objects, which represent a
specific category in ahierarchy of log categories; for example, the com di scur si ve. Bl ah category isachild of the

com di scur si ve category. All messages sent to a child category are sent to each ancestor in atree of Logger categories. A
category can be assigned an Appender and aLayout ; an Appender controls where a message is sent, and aLayout defines
the formatting and contents of a message. Log4J ships with a number of Appender implementations, including
SMIPAppender , Rol | i ngFi | eAppender , Socket Appender , Sysl ogAppender , and NTEvent LogAppender . Log4J also ships
with anumber of Layout implementations, including XM.Layout , Pat t er nLayout , HTM_Layout , and Dat eLayout .

7.12.4. See Also

For more information about the Apache Logging Services project, see the Logging Services project page at
http://logaing.apache.org. For more information about the Apache Log4J project, see the Log4J project page at
http://logging.apache.org/logdj/docy .

7.13. Configuring Log4J with a Properties File

7.13.1. Problem

Y ou need to use Log4J, and you would like to configure it with a propertiesfile.

7.13.2. Solution

UsetheBasi cConfi gurat or toread al og4j . properti es file resource from the classpath. The following code configures
Log4J from aresource named | og4j . properti es, and logs two messages:

i mport org.apache. | og4j . PropertyConfi gurator;

i mport org.apache. | og4j . Logger;

URL | og4Jresource = this.getC ass( ).getResource("l og4j.properties");
PropertyConfi gurator.configure( |og4Jresource );

Logger | og = Logger. getLogger( "com di scursive. SomeApp” );

log.info( "This is a | og nessage" );

log.error( "This is an error message" );

Thel og4j . properti es file contains a basic Log4J configuration that sets the root category logging level to warN and the
application's logging level to DEBUG.

# Al | ogging output sent to standard out and a file

# WARN i s default |ogging | eve

| og4j . r oot Cat egor y=WARN, STDOUT, FILE

# Application |ogging |evel is DEBUG

| og4j . |1 ogger.com di scur si ve=DEBUG

# Configure the Standard Qut Appender

| og4j . appender . STDOUT=or g. apache. | og4j . Consol eAppender

| og4j . appender . STDOUT. | ayout =or g. apache. | og4j . Pat t er nLayout
| og4j . appender . STDOUT. | ayout . Conver si onPat t er n=%p (% %) %M
# Configure a rolling file appender

| 0g4j . appender . FI LE=or g. apache. | 0g4j . Rol | i ngFi | eAppender

| og4j . appender. FI LE. Fi | e=out put . | og

| og4j . appender . FI LE. MaxFi | eSi ze=2000KB
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| 0g4j . appender . FI LE. MaxBackupl ndex=5
| og4j . appender . FI LE. | ayout =or g. apache. | og4j . Pat t er nLayout
| og4j . appender. FI LE. | ayout . Conversi onPattern=% % 5p % - %M

This example prints a single info message to the console with the following format:

I NFO (Sanpl e.java: 24) This is a | og nessage
ERROR (Sanpl e.java: 25) This is an error nessage

Ther oot Cat egory is configured to send all log messages to the console and aRol | i ngFi | eAppender . A file named
out put . | og contains the following content after this code has been executed:

2004-06-14 00: 12: 22,324 |INFO Sanple - This is a | og nessage
2004- 06- 14 00: 12: 22, 326 ERROR Sanple - This is an error nessage

7.13.3. Discussion

PropertyConfigurator. configure() takesaURL referencing aresource to be loaded from the classpath. This properties
fileisread and Log4Jis configured to send all messages to both the console and a file. Content iswritten to afileusing a
Rol | i ngFi | eAppender , which writesto afile until it reaches a configurable maximum size (2 MB). Once this size has
been reached, aRol | i ngFi | eAppender will move the existing out put . | og fileto afile named out put . | og. 1 and create a
new out put . | og file. As configured in the previous example, the Rol | i ngFi | eAppender will keep five backup log files,
moving out put . | og. 1 tO out put . | og. 2 and out put . | og to out put . | og. 1 the next time alog file's maximum size has
been reached.

The Solution configures the default logging level to be warRN, meaning that all log messages |lower on the level hierarchy
will not be sent to appenders. Log4J has five default levels, and they are listed in order of importance: DEBUG, | NFO, WARN,
ERROR, and FATAL. If acategory is configured with alogging level of ERROR, only ERROR and FATAL messages are sent to
appenders, and if a category is configured with alogging level of DEBUG, all logging messages are sent to appenders. If

you are only interested in the debugging output from your own program, set ther oot Cat egor y to ahigh logging level, and
override that level for your application’s classes. | og4j . | ogger . com di scur si ve=DEBUG overridesther oot Cat egory's
logging level for every topic at or below the com di scur si ve logging category.

7.13.4. See Also

The properties file shown in the Solution should be used as a starting point for Log4J configuration. For more information
about various implementations of Appender or syntax for Conver si onPat t er n, see the Log4J APl documentation at
http://logging.apache.org/logdj/docs/api/index.html .

7.14. Configuring Log4J with XML

7.14.1. Problem
Y ou need to configure Log4J with an XML document.

7.14.2. Solution
Use the DoMconf i gur at or to configure Log4J with an XML document. The following code configures Log4J from a

177


http://logging.apache.org/log4j/docs/api/index.html

Application Infrastructure

resource named | og4j . xni , and logs two messages:

i mport org.apache. | og4j . DOMConf i gur at or ;

i mport org.apache. | og4j . Logger;

URL | og4Jresource = this.getC ass( ).getResource("log4j.xm");
DOMConf i gur at or. confi gure( | of4Jresource );

Logger | og = Logger. getLogger( "com di scursive. SomeApp"” );
log.info( "This is a | og nessage" );

log.error( "This is an error nessage" );

Thel og4j . xni file contains a basic Log4J configuration, which sets the root category logging level to warN, and the
application'slogging level to bEBUG. This XML document configures Log4J exactly the way that L og4J was configured by
the previous example; log messages are sent to both the console and aRol | i ngFi | eAppender :

<?xm version="1.0" encodi ng="UTF-8" ?>
<configuration configDebug="true">
<appender nane="STDOUT" cl ass="org. apache. | og4j. Consol eAppender" >
<l ayout cl ass="org.apache. | og4j.PatternLayout">
<par am nane=" Conver si onPattern" val ue="%p (%: %) %¥"n"/>
</l ayout >
</ appender >
<appender nanme="Fl LE" cl ass="org. apache. | og4j. Rol | i ngFi | eAppender ">
<param nanme="Fi | e" val ue="out put.| og" />
<par am nane="MaxFi | eSi ze" val ue="2000KB" />
<par am nane=" MaxBackupl ndex" val ue="5" />
<l ayout cl ass="org. apache. | og4j. PatternLayout">
<par am nane="Conver si onPattern" value="%l %5p % - %Hn"/>
</l ayout >
</ appender >
<cat egory name="com di scursi ve">
<priority val ue="DEBUG' />
</ cat egory>

<r oot >
<priority val ue="WARN'/>
<appender -ref ref="STDOUT" />
<appender-ref ref="FILE" />
</ root >

</ configuration>

This configuration will produce the same output as the previous recipe. The only difference between this recipe and the
last isthat XML isused to configure Log4J.

7.14.3. See Also
For more information about Log4J, see the Log4J project page at http://logging.apache.org/log4.
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Chapter 8. Math

8.1. Introduction

In recent years, Java has lost its reputation as alanguage suffering from serious performance problems. Although the
debate still rages on and various benchmarks show conflicting results, improvements to the VM, the compiler, and a
more intelligent garbage collector have boosted performance to levels on par with C++. Java has never been the traditional
language-of-choice for scientific computing, numerical methods, or high-performance computing, but, as performance
improves, there are fewer reasons to avoid using Java for numerical computing. It is no longer inconceivable to consider
Java when implementing systems involving complex mathematics, and Apache Commons contains two projects that
provide some very basic math capabilities: Commons Lang and Commons Math.

Thefirst four recipesin this chapter deal with math utilities found in Commons Lang. This includes a class that represents
fractions, finding the minimum and maximum values in an array, representing a range of numbers, and convenient ways
to retrieve different random variables. Commons Lang was introduced in Chapter 1, and instructions for downloading and
installing Commons Lang can be found in Recipe 1.1. The remainder of this chapter deals with Commons Math. Recipes
involving Commons Math deal with complex numbers, the calculation of univariate statistics, solving a system of linear
equations, and establishing a relationship between two independent variables. Instructions for downloading and installing
Commons Math can be found in Recipe 8.5.

8.1. Using Fractions

8.1.1. Problem

Y ou need to work with fractions supplied by the user, such as 3 4/5 and 134/21. Y our application needs to parse, multiply,
and reduce fractions.

8.1.2. Solution

Use Commons Lang's Fr act i on class to parse and manipulate fractions. The following code demonstrates the parsing of a
St ri ng containing a fraction:

i mport org.apache. conmons. | ang. mat h. Fracti on;

String userlnput = "23 31/37";

Fraction fraction = Fraction.getFraction( userlnput );
doubl e val ue = fracti on. doubl eval ue( );

Thestring "23 31/37" is converted to adoubl e value of 23. 837837. A Fract i on object is created by calling the
Fraction. get Fracti on( ) method, and doubl e value of the Fract i on object isobtained with fracti on. doubl eVal ue(

).

8.1.3. Discussion

TheFracti on class provides a number of operations that can be used to simplify the following expression to an improper
fraction. The following code evaluates the expression in Figure 8-1 using Fr act i on:

i mport org. apache. conmons. | ang. mat h. Fracti on;
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Fraction nunmerl = Fraction.getFraction( 3, 4 );

Fraction nuner2 = Fraction. getFraction( 51, 3509 );

Fraction nunerator = nunerl.multiplyBy( nuner2 );

Fraction denom nator = Fraction. getFraction( 41, 59 );

Fraction fraction = nunerator. divideBy( denoni nator );

Fraction result = fraction.reduce( );

Systemout.printin( "as Fraction: " + result.reduce( ).toString( ) );
Systemout.println( "as double: " + result.doubleValue( ) );

Figure 8-1. Expression to be evaluated with Fraction

The previous example creates an instance of Fract i on by calling the static get Fracti on(i nt nunerator, int

denoni nat or) method. Fraction objects are then multiplied and divided with the mul ti pl yBy( ) and di vi deBy( )
methods of Fracti on. And, thefinal call toreduce( ) reducestheFracti on to the smallest possible denominator. This
exampl e executes and prints the following output to the console:

Expression as Fraction: 9027/575476
Expr essi on as doubl e: 0.015686145034719084

Animproper fraction is afraction such that X/Y > 1 (i.e, "135/23" or "3/2"). Fr act i on provides the ability to convert
improper fractions to proper fractions as demonstrated in the following example:

i nport org.apache. conmons. | ang. mat h. Fracti on;

String userlnput = "101/99";

String properString = Fraction. getFraction(userlnput).toProperString( );
/] properString is now "1 2/99"

Warning

Fract i on does not automatically reduce contents, and it isimportant to call reduce( ) before performing any
arithmetic with the Fract i on class to reduce the risk of overflow. For example, Fracti on. get Fract i on(
10000, 100000 ).pow 6 ) shouldequal 1. 0E- 6, but, because Fr act i on sSimply multiplies each numerator
and denominator without reducing the fraction, the result of this statement will be 1. 0. When raised to the
power of 6, the Fract i on object quickly becomes Fracti on. get Fracti on( | nt eger . MAX_VALUE,

I nt eger . MAX_VALUE) or 1. 0. Call reduce( ) liberally or you may have occasion to cursethis Fracti on class.

Table 8-1 lists a sampling of methods available on the Fract i on class.

Table 8-1. Methods on Commons Lang Fraction

Method Description

abs( ) Returns the absolute value of aFracti on

add( Fraction fraction) Addstwo Fract i on objects together

subtract (Fraction fraction) Subtracts the parameter from the current Fract i on
mul tipl yBy(Fraction fraction) Multiplies the parameter by the current Fract i on
di vi deBy(Fraction fraction) Dividesthe current Fr act i on by the parameter
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Method Description

reduce( ) Reduces the Fr act i on to the smallest denominator
negat e( ) Returns-1* Fracti on

invert( ) Swaps the numerator and denominator

get Nunerator () Returns the numerator

get Denomi nator ( ) Returns the denominator

get Proper Nuner ator () Returns the proper numerator

get Pr oper ol e( ) Returns the proper whole number

pow( ) Raises aFr act i on to the specified power

8.1.4. See Also
For more information about downloading Commons Lang, see Recipe 1.1.

8.2. Finding the Maximum and Minimum in an Array

8.2.1. Problem

Y ou need to retrieve the maximum and minimum values from adoubl e[],fl oat[],long[],int[],short[],Or byte[].

8.2.2. Solution

Use Commons Lang Nunber Uti | s. max( ) and Nunber Uti | s. min( ) to retrieve the minimum or maximum values from
an array of primitives. The following code retrieves the minimum and maximum values from adoubl e[ ] :

i nport org.apache. commons. | ang. mat h. Nunber Uti | s;

doubl e[] array = {0.2, 0.4, 0.5, -3.0, 4.223, 4.226};
doubl e nmax Nunber Utils. max( array ); // returns 4.226
doubl e nin Nunber Wils.mn( array ); // returns -3.0

8.2.3. Discussion

Nurber Utils. min( ) and Number Utils. max() both accept doubl e[],float[],long[],int[],short[],andbyte[].If
the array isempty or nul | , both Nunber Uti |'s. min( ) and Nunber Uti |'s. max( ) will return an
11l egal Argunment Excepti on.

Commons Math also contains a class that can find the minimum and maximum value in adoubl e[ ] . The following
exampl e uses the vax and M n classes from Commons Math to evaluate adoubl e[ ] :
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i mport

or g. apache. cormons. mat h. st at . uni vari at e. r ank. Max;

i mport org.apache. commons. mat h. stat. uni vari ate. rank. M n;
doubl e[] array = {0.2, 0.4, 0.5, -3.0, 4.223, 4.226};
Max maxi mum = new Max( );

Mn mni mum= new Mn( );

doubl e max maxi mum eval uate( array, 0, array.length );
double min = mini mum eval uate( array, 0, array.length );

8.3. Using Number Ranges

8.3.1. Problem
Y ou need to define arange of acceptable values for avariable, and test to seeif that variable is within those boundaries.

8.3.2. Solution

Use an implementation of Range, an interface that defines a simple numerical range. There are a number of different
implementations for different types. Nunber Range , Doubl eRange , Fl oat Range , | nt Range , and LongRange . The
following example demonstrates the use of Doubl eRange to verify that a variable is within avalid range. A Doubl eRange
is created with minimum and maximum values, and avalue is tested by Doubl eRange using a method named

cont ai nsDoubl e( ) :

i mport org. apache. conmons. | ang. mat h. Doubl eRange;

i nport org.apache. conmons. | ang. mat h. Range;

Range saf eSpeed = new Doubl eRange( 0.0, 65.0 );

doubl e current Speed = get Current Speed( );

i f( !saf eSpeed. cont ai nsDoubl e( current Speed ) ) {
Systemout.println( "Warning, current speed is unsafe." );

}

8.3.3. Discussion

Additionally, one can also test to see if another Range is contained within aRange, or if a Range overlaps another Range.
The following example demonstrates the use of cont ai nsRange( ) to determineif aRange isentirely contained within
another Range:

i mport org.apache. conmons. | ang. nat h. Range;

i mport org.apache. conmons. | ang. nat h. | nt Range;

i mport org. apache. conmons. | ang. mat h. Nunber Ut i | s;

doubl e recordH gh = get RecordHi gh( );

doubl e recordLow = get RecordLow( );

I nt Range recordRange = new | nt Range( recordLow, recordHi gh );

int todayTenp = get TodaysMaxTenp( );

I nt Range daysRange = new | nt Range( NunberUtils.ni n( todayTenp ),

Nunber Uil s. max( todayTenp ) );

i f( !recordRange. cont ai nsRange( todayTenp ) ) {

Systemout.println( "Today is a record tenperature day!" );

}

The previous code creates a Range, r ecor dRange, from the record high and low temperatures. It then creates daysRange,
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which isaRange of the current day's high and low temperatures. If dayRange is not entirely contained within the

recor dRange, then the current day contains arecord temperature and r ecor dRange. cont ai nsRange( daysRange) Will
returnf al se. cont ai nsRange( ) returnstrue if every value in the containing range occurs in the contained range, and
over | apsRange( ) returnst rue if two Range objects share any common value. Nunber Ut i | s is used to retrieve the
maximum and minimum values from the t oday Tenp array.

In another example, a Range object is used to ascertain the state of an element from a temperature measurement.
Elemental Gold (Au) meltsat 1337.33 Kelvin and boils at 3129.15 Kelvin. The following code is used to read the
temperature from a thermometer and print the current state of the element:

i mport org. apache. conmons. | ang. nat h. Range;

i mport org. apache. conmons. | ang. nat h. Doubl eRange;

doubl e nelting = 1337. 33;

doubl e boiling = 3129. 15

/] State ranges for el enent Au

bj ect[] stateRanges =

new Cbject[][]{{"solid" , new Doubl eRange( 0.0, nelting )},

{"l'iquid", new Doubl eRange( nelting, boiling )},
{"gas", new Doubl eRange( boiling, Doubl e. | NFI NI TY) };

/1 Read neasurenment fromthernoneter

doubl e tenp = thenonet er. get Readi ng( );

String state = "unknown";
/] Test the state
for( int i =0; i < stateRanges.length; i++ ) {

Doubl eRange st at eRange = (Doubl eRange) stateRanges[i][1];
i f( stateRange.contains( temp ) ) {

state = (String) stateRanges[i][O0];
}

}

Systemout.println( "The substance is in a " + state + " state." );
/[l 1If the tenperature is a tenperate 293 K, this line would print
/Il "The Gold is in a solid state."

The rangesin this example overlap; the sol i d range ends at el ti ng, and the i qui d range begins at nel ti ng. Because
each Range istested in a defined order, each Range object in this exampleis lower- and upper-bound inclusive. If thet enp
variable has the same value as el t i ng, the program will indicate solid state, and if thet enp variable has the same value
ashboi | i ng, this program will signify thel i qui d state.

8.3.4. See Also

For more information about downloading Commons Lang, see Recipe 1.1.

8.4. Generating Random Variables

8.4.1. Problem

J2SE 1.4 includes aj ava. | ang. Mat h class that provides a mechanism to get arandom doubl e value between 0. 0 and 1. 0,
but you need to create random bool ean values, or random i nt variables between zero and a specified number.

8.4.2. Solution
Generate random variables with Commons Lang Randontt i | s, which provides a mechanism to generate randomii nt ,

183



Math

I ong, f1 oat , doubl e, and bool ean variables. The following code generates arandom integer between zero and the value
specified in the parameter tonext I nt ( ) :

i nport org.apache. commons. | ang. mat h. Randonmti | s;
[/l Create a random i nteger between 0 and 30

int maxVal = 30;

i nt random nt = Randomtils. nextlnt( maxVval );

Or, if your application needs arandom bool ean variable, create one with a call to the static method next Bool ean( ) :

i mport org.apache. conmons. | ang. mat h. Randonlti | s;

bool ean randonBool = Randomlhtil s. next Bool ean( );

8.4.3. Discussion

A frequent argument for not using a utility like Randonmit i | s isthat the same task can be achieved with only one line of
code. For example, if you need to retrieve arandom integer between 0 and 32, you could write the following code:

int randomnt = (int) Math.floor( (Math.random{ ) * (double) naxVal) );

While this statement may seem straightforward, it does contain a conceptual complexity not present in
Randonlti | s. next | nt (maxVal ). Randonlti | s. next I nt (maxVal ) isasimple statement: "I need a random integer between
0 and naxVval "; the statement without Randont i | s istranslated to a more complex statement:

I'm going to take arandom doubl e between 0.0 and 1.0, and multiply this number by naxval , which has
been cast to adoubl e. Thisresult should be arandom doubl e between 0.0 and maxVval , which | will then
passto Math. floor( ) and casttoanint.

While the previous statement does achieve the same task as Randoniti | s, it does so by rolling-up multiple statements into
asingleline of code: two casts, acall tofl oor( ), acall torandon() , and amultiplication. Y ou may be able to instantly
recognize this pattern as code that retrieves arandom integer, but someone else may have a completely different approach.
When you start to use some of the smaller utilities from Apache Commons systemwide, an application will tend toward
greater readability; these small reductions in conceptual complexity quickly add up.

8.5. Obtaining Commons Math

8.5.1. Problem

Y ou need to use Commons Math to work with complex numbers, matrices, statistics, or linear equations.

8.5.2. Solution

To use Commons Math in a Maven 2 project, add the following dependency to your project's pom xm :

Example 8.1. Adding a Dependency on Commons Math

<dependency>
<gr oupl d>commons- mat h</ gr oupl d>
<artifactld>commons- mat h</artifactld>
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<ver si on>1. 2</ ver si on>
</ dependency>

If you are not sure what this means, 1'd suggest reading Maven: The Definitive Guide. When you depend on alibrary in
Maven 2, all you need to do is add the dependency gr oupl d, arti fact I d, and ver si on t0 your project's dependencies.
Once you do this, Maven 2 will download the dependency and make it available on your project's classpath.

8.5.3. Discussion

Commons Math was created to provide some more advanced mathematical capabilities under an Apache-style license.
Commons Math provides classes to work with complex numbers, utilities to calculate statistics, a matrix implementation,
specia functions, continued fractions, root-finding, interpolation, and bivariate regression.

While the previous four recipes demonstrated classes and utilities available in Commons Lang, the next five recipes
demonstrate classes and utilities from Commons Math. Simpler math utilities, which have wide application, will
frequently be included in Commons Lang, and more complex utilities will be added to Commons Math. As both
components continue to evolve, you may notice some overlap between the feature-set of Commons Lang and Commons
Math.

8.5.4. See Also

For more information about the Commons Math project, see http://commons.apache.org/math/.

For the authoritative cookbook of mathematics, pick up a copy of Numerical Recipesin C++ or Numerical Recipesin C
(Cambridge University Press). These classic tomes contain a huge library of code and examples, but be forewarned, the
mathematics will quickly intimidate the faint of math. More information about this indispensable text can be found at the
Numerical Recipes website (http://www.nr.com/). Unlike all the components described throughout this book, the code and
examples from both of these books is covered under a very restrictive license described at

http://www.numerical -recipes.com/infotop.html#distinfo.

8.6. Calculating Simple Univariate Statistics

8.6.1. Problem

Y ou need to calcul ate univariate statistics such as mean, median, variance, minimum and maximum.

8.6.2. Solution

Use Commons Math's st at Ut i | s to calculate simple univariate statistics. The following example uses st at Ui | s to
calculate simple statistics for adoubl e[ ] :

i nport org.apache. conmons. mat h. stat. Stat Util s;

doubl e[] values = new double[] { 2.3, 5.4, 6.2, 7.3, 23.3 };
Systemout.println( "mn: " + StatUtils.m n( values ) );
Systemout.printin( "max: " + StatUtils.nmax( values ) );
Systemout.println( "nean: " + StatUtils.nmean( values ) );
Systemout.println( "product: " + StatUils.product( values ) );
Systemout.println( "sum " + StatUtils.sunm values ) );
Systemout.println( "variance: " + StatUtils.variance( values ) );
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This code executes and prints afew simple statistics to the console, as follows:

mn: 2.3

max: 23.3

mean: 8.9

product: 13097.61036

sum 44.5

vari ance: 68.25500000000001

8.6.3. Discussion

Stat Uil s delegatesthese calculations to functorsin the or g. apache. comons. mat h. st at . uni vari at e. nonent ,

org. apache. cormons. nat h. st at. uni vari at e. rank, and or g. apache. cormons. mat h. st at. uni vari at e. sunmary
packages. The following example uses the individual classes from these packages to recreate the previous example, and it
adds some measures not availablein stat Uti | :

i mport org.apache. conmons. mat h. st at. uni vari at e. nronent . *;
i nport org.apache. conmons. mat h. st at . uni vari at e. rank. *;

i mport org.apache. conmons. mat h. st at. uni vari ate. sunmary. *;
/1 Measures from previous exanpl e

Mn mn=new Mn( );

Max max = new Max( );

Mean nmean = new Mean( );

Product product = new Product( );

Sum sum = new Sun( );

Vari ance vari ance = new Vari ance( );

Systemout.println( "mn: " + nin. evaluate( values ) );
Systemout.println( "max: " + nmax.eval uate( values ) );
Systemout.println( "mean: " + nmean.evaluate( values ) );
Systemout. println( "product: " + product.evaluate( values ) );
Systemout.println( "sum " + sum evaluate( values ) );
Systemout.println( "variance: " + variance.evaluate( values ) );

/1 New measur es

Percentil e percentile = new Percentile( );
Geonetri cMean geoMean = new Geonetri cMean( );
Skewness skewness = new Skewness( );

Kurtosis kurtosis = new Kurtosis( );

Systemout.println( "80 percentile value: " +

percentil e. eval uate( val ues, 80.0 ) );
Systemout.println( "geonetric nmean: " + geoMean. eval uate( values ) );
System out. println( "skewness: " + skewness.eval uate( values ) );
Systemout.println( "kurtosis: " + kurtosis.evaluate( values ) );

The previous example adds percentile, geometric mean, standard deviation, skewness, and kurtosis to the available
univariate statistics. The previous example produces the following output:

mn: 2.3

max: 23.3

mean: 8.9

product: 13097.61036

sum 44.5

vari ance: 68.25500000000001

80 percentile val ue: 20.099999999999998
geonetri c nmean: 6.659450778469037
standard dev: 8.261658429153314
skewness: 1.9446683453691376
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kurtosis: 4.102348153299074

8.6.4. See Also

If you need aformal definition of a specific moment, rank, or summary, see MathWorld (http://mathworld.wolfram.com),
an invaluable mathematical reference site from Wolfram, the makers of Mathematica.

8.7. Solving a System of Linear Equations

8.7.1. Problem
Y ou need to find the values of X, y, and z that satisfy the system of linear equations shown in Figure 8-2.

Figure 8-2. A system of linear equations

8.7.2. Solution

Usethe Real Mat ri x and Real Mat ri xI npl from Commons Math. Represent this system of linear equations as matricesin
the Ax=B form, as shown in Figure 8-3. Place the coefficients of AinaReal Mat ri x, and put Bin adoubl e[ ] . Call the
sol ve( ) method on Real Mat ri x to retrieve adoubl e[ ] of valuesfor X, y, and z that satisfy this system of equations.

Figure 8-3. System of linear equationsin Ax=B form

The following example takes the coefficients and constants from Figure 8-3 and uses aReal Mat ri x t0 solve this system:

i mport org.apache. conmons. nat h. | i near. Real Matri x;
i mport org.apache. conmons. mat h. | i near . Real Mat ri xI npl ;
i mport org.apache. conmons. | ang. ArrayUtil s;
doubl e[][] coefficients = { { 3.0, 20.0, 89.0 },
{ 4.0, 40.0, 298.0 },
{ 7.0, 21.0, 0.42 } };
doubl e[] values = { 1324, 2999, 2039 };
Real Matri x matrix = new Real Matri xl npl ( );
matri x. set Data( coefficients );

doubl e[] answers = matri x. sol ve( val ues );
Systemout.println( "Answers: " + ArrayUtils.toString( answers ) );

This example solves this system of equations and prints out the values of x, y, and z using Commons Lang ArrayUti | s to
print adoubl e[ ] :

Answers: {400. 4839095455532, - 36. 59139305646149, 9. 599731825759218}

Using Commons Math, we find that the following values satisfy this system of equations: x =400, y = -36, and z = 9.6.

8.7.3. Discussion
To solve these equations, adoubl e[ ][] of coefficientsis created to represent a3 3 matrix, and adoubl e[ ] of constantsis

187


http://mathworld.wolfram.com

Math

created. The Real Mat ri x interface isimplemented by Real Mat ri xI npl , which storesamatrix asadoubl e[ ][] ; tO
populate thisdoubl e[ ][], passthedoubl e[ ][], coeffi ci ents, totheset Data( ) method of Real Mat ri xI npl . TO solve
the system, the val ues doubl e[ ] ispassedtomatri x. sol ve( ), and adoubl e[] containing X, y, and z is returned.

This method will not work for every matrix; there are systems of linear equations that are unsolvable. For example, if one
attempts to find values for the system of equations from Figure 8-4, an | nval i dwvat ri xExcept i on Will be thrown stating
that the matrix is singular. Additionally, if the number of rowsin B does not equal the number of columnsin A, sol ve()
will throw an | nval i dvat ri xExcepti on.

Figure 8-4. An unsolvable system of equations

8.7.4. See Also

For more information about solving systems of linear equations (or, for that matter, information about anything), see
Wikipedia (http://en.wikipedia.org/wiki/System of_linear_equations). Real Mat i x| npl uses a process known as LU
decomposition to solve this system of egquations. For more information about LU decomposition, see the JavaDoc for the
or g. apache. commons. mat h. | i near package (http://commons.apache.org/math/apidocs/index.html).

8.8. Arithmetic with Complex Numbers

8.8.1. Problem

Y ou need to perform arithmetic with complex numbers. For example, given the complex numbers A, B, ¢, and E and two
equations shown in Figure 8-5, you need to find the real part of F and the imaginary part of D.

Figure 8-5. Expressions evaluated with the Complex object

8.8.2. Solution

Use Commons Math Conpl ex and Conpl exMat h classes to represent complex numbers and perform arithmetic using
complex numbers. Use the Conpl exFor mat class to print the real and imaginary parts of a complex number. The following
example demonstrates the use of the conpl ex classto calculate D and F from Figure 8-5 using arbitrary valuesfor A, B, C,
and E:

i mport org. apache. conmons. mat h. conpl ex. Conpl ex;
i mport org.apache. cormons. mat h. conpl ex. Conpl exFor mat ;

Compl ex a = new Conpl ex(2, 3);

Compl ex b = new Conpl ex(4, 5);

Compl ex ¢ = new Conpl ex(0. 3, 2);

Conpl ex e = new Conpl ex(4, 4);

Conmpl ex sum = a.add( b );

Complex d = c.divide( sum);

Complex f = e.multiply( d.conjugate( ) );

Systemout.println( "Dis: " + Conpl exFornat.formatComplex( d ) );
Systemout.printin( "F is: " + Conpl exFornmat.format Conplex( f ) );
double real F = f.getReal ( );

doubl e i D = d. getl magi nary( );
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doubl e answer = real F / inD;

Systemout.println( "Answer Re(F)/Im(D): " +
Nunber For mat . get | nstance( ).format ( answer ) );

Thevariablesa, b, ¢, and e are created using arbitrary values, and an intermediate Conpl ex object sumis calculated by
adding b to a- - a. add(b) . d is calculated by dividing this intermediate sumby c: c. di vi de(sum . f iscalculated by
multiplying e times the complex conjugate of d: e. mul ti pl y( d. conjugate( ) ). Thefina answer is calculated by
taking thereal part of f (f. get Real ( )) and dividing that by the imaginary part of d: d. get | magi nary( ). The previous
example performs complex arithmetic and prints the following to the console:

Dis: 0.18 + 0. 1i
Fis: 1.1 + 0. 33i
Answer Re(F)/I1m(D): 11.417

8.8.3. Discussion

The previous example used the Conpl exFor mat classto create a St ri ng representation of a Conpl ex object. This class
allows you to print out the complex number Nintheformat Re(N) + I m(N)i . Thisclass also has a constructor that takes a
String to useinstead of "i." In electrical engineering, where "i" is frequently used to refer to current, complex impedance

isrepresented using a"j" instead of an "i." To print a complex number using a"j", write the following code:

wrn

)

Compl ex i npedance = new Conplex( 1.0, 2.0 );
Compl exFormat format = new Conpl exFormat ("j ") ;
Systemout.println( "Inpedance: " + format.format( inpedance ) );

The previous code prints the following output to the console:

| npedance: 1.0 + 2.0j

The Conpl ex object contains simple arithmetic methods such asadd( ), subtract( ), multiply( ), divide(),
conj ugat e( ), and negat e( ). More advanced methods are available as static methods on the Conpl exMat h class.
Conpl exMat h includes trigonometric methods such assin( ), sinh( ), cos(), andtan( ), aswell as methods to
calculate logarithms and to take the square root of a Conpl ex object.

8.8.4. See also

For more information about the Conpl exMat h utility, see the Commons Math JavaDoc at
http://commons.apache.org/math/apidocs/index.html.

8.9. Establishing Relationships Between Variables

8.9.1. Problem

Y ou need to establish a relationship between two independent variables. These variables could be temperature versus
energy use or the number of news channels versus stress-related ailments; you need to measure the correlation between
two variables.
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8.9.2. Solution

Add data points to an instance of Commons Math Si npl eRegr essi on. This classwill calculate the slope, slope
confidence, and a measure of relatedness known as R-square. The Si npl eRegr essi on class performs aleast squares
regression with one independent variable; adding data points to this model refines parametersto the equationy = ax + b.
The following code uses Si npl eRegr essi on to find arelationship between two series of values[o0, 1, 2, 3, 4, 5] and
[0, 1.2, 2.6, 3.2, 4, 5]:

i mport orgorg. apache. conmons. mat h. stat. nul tivari ate. Si npl eRegr essi on;

Si mpl eRegressi on sr = new Si npl eRegression( );

/! Add data points

sr.addData( 0, 0 );

sr.addData( 1

sr.addDat a( 2

sr. addDat a( 3,
4
5

~— — —

sr. addDat a(
sr. addDat a(
/[l Print the value of y when line intersects the y axis

Systemout.println( "Intercept: " + sr.getlntercept( ) );

/1 Print the nunber of data points

Systemout.printin( "N:. " + sr.getN( ) );

/1l Print the Slope and the Sl op Confidence

Systemout.println( "Slope: " + sr.getSlope( ) );

System out. println( "Slope Confidence: " + sr.getSlopeConfidencelnterval ( ) );
/1 Print RSquare a neasure of rel atedness

System out. println( "RSquare: " + sr.getRSquare( ) );

b wdNPF

.2

.6

.2
)
)

This example passes six data pointsto Si npl eRegr essi on and prints the slope, number of data points, and R-square from
Si npl eRegr essi on:

Intercept: 0.238

N 6

Sl ope: 0.971

Sl ope Confi dence: 0.169
RSquar e: 0.985

8.9.3. Discussion

R-sguare is the square of something called the Pearson's product moment correlation coefficient, which can be obtained
by calling get R( ) on Si npl eRegr essi on . R-square is a determination of correlation between two series of numbers. The
parametersto the addDat a() method of Si npl eRegr essi on are a corresponding x and y value in two sets of data. If
R-square is 1.0, the model shows that as x increases linearly, y increases linearly. In the previous example, R-squareis
0.98, and this demonstrates that the (x,y) data points added to Si npl eRegr essi on have a strong linear relationship.

If R-squareis-1.0, x increases linearly asy decreases linearly. A value of 0.0 shows that the relationship between x and y
isnot linear. The following example demonstrates two series of numbers with no relationship:

i mport org.apache. conmons. mat h. stat. mul ti vari at e. Si npl eRegr essi on;
Si mpl eRegressi on sr = new Si npl eRegression( );

sr. addDat a( 400, 100 );

sr.addDat a( 300, 105 );

sr.addDat a( 350, 70 );

sr.addbDat a( 200, 50 );

sr.addDat a( 150, 300 );

sr. addDat a( 50, 500 );

/1 Print RSquare a neasure of rel atedness
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Systemout.println( "RSquare: " + sr.getRSquare( ) );

The data points added to this Si npl eRegr essi on are al over the map; x and y are unrelated, and the R-sgquare value for
this set of data pointsis very close to zero:

Intercept: 77.736

N 12

Sl ope: 0. 142

Sl ope Confidence: 0.699
RSquare: 0.02

The (x,y) data points supplied to the previous example have no linear correlation. This doesn't prove that thereisno
relationship between x and y, but it does prove that the relationship is not linear.

8.9.4. See Also

For more information about |east squares, the technique used by Si npl eRegr essi on, see Wikipedia
(http://en.wikipedia.org/wiki/L east_squares). More information about R and R-square can also be found on Wikipedia
(http://en.wikipedia.org/wiki/Pearson_product-moment_correlation_coefficient).

8.10. Estimating the Amount of Time Left in a Process

8.10.1. Problem

Y ou are running a program that takes along time to execute, and you need to present the user with an estimated time until
completion.

8.10.2. Solution

Use Commons Math's Si npl eRegr essi on and Commons Lang's St opvat ch to create a ProcessEst i mat or classthat can
be used to predict when a particular program will be finished. Y our program needs to process a number of records, and
this program could take afew hoursto finish. Y ou would like to provide some feedback, and, if you are confident that
each record will take roughly the same amount of time, you can use Si npl eRegr essi on's slope and intercept to estimate
the time when all records will be processed. Example 8-1 definesthe ProcessEst i mat or class that combines the power of
St opvat ch and ProcessEst i mat or to estimate the time remaining in a process.

Example 8-1. ProcessEstimator to estimate time of program execution

package com di scursive. jccook. mat h. ti neesti nat e;
i mport org.apache. conmons. | ang. ti ne. St opWat ch;
i nport org.apache. conmons. mat h. stat. mul ti vari at e. Si npl eRegr essi on;
public class ProcessEstimator {
private Sinpl eRegression regression = new Si npl eRegression( );
private StopWatch stopWatch = new StopWatch( );
/1 Total nunmber of units
private int units = O;

/1 Nunber of units conpl eted
private int conpleted = 0;

[/l Sanple rate for regression
private int sanpleRate = 1;
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public ProcessEstimator( int numdnits, int sanpleRate ) {
this.units = nunbnits;
t hi s. sanpl eRat e = sanpl eRat e;

}

public void start( ) {
stopWatch.start( );
}

public void stop( ) {
st opWat ch. stop( );
}

public void unitConpleted( ) {
conpl et ed++

i f( conpleted % sanmpl eRate == 0 ) {
Il ong now = SystemcurrentTineMI1lis( );
regression. addData( units - conpl eted, stopWatch.getTinme( ));

}

public | ong projectedFinish( ) {
return (long) regression.getlntercept( );
}

public | ong getTi neSpent( ) {
return stopWatch. getTi me( );

public | ong projectedTi mreRemai ni ng( ) {
| ong tineRenmi ning = projectedFinish( ) - getTi meSpent( );
return tinmeRemai ni ng;

}

public int getUnits( ) {
return units;
}

public int getConpleted( ) {
return conpl et ed;
}

ProcessEsti mat or has aconstructor that takes the number of records to process and the sample rate to measure progress.
With 10,000 records to process and a sample of 100, the Si npl eRegr essi on Will add a data point of units remaining
versustime elapsed after every 100 records. As the program continues to execute, pr oj ect edTi meRenai ni ng( ) will
return an updated estimation of time remaining by retrieving the y-intercept from si npl eRegr essi on and subtracting the
time already spent in execution. The y-intercept from Si npl eRegr essi on represents the y value when x equals zero, where
x isthe number of records remaining; as x decreases, y increases, and y represents the total time elapsed to process all
records.

The ProcessEst i mat i onExanpl e in Example 8-2 usesthe ProcessEst i mat or t0 estimate the time remaining while calling
the per f or nLengt hyProcess( ) method 10,000 times.

Example 8-2. An example using the ProcessEstimator

package com di scursive.jccook. mat h. ti neesti nat e;
i nport org.apache. commons. | ang. mat h. Randomti | s;
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public class ProcessEstimati onExanpl e {

private ProcessEstimator estimate;

public static void main(String[] args) {
ProcessEsti mati onExanpl e exanpl e = new ProcessEsti mati onExanpl e( );
exanpl e. begi n( );

}

public void begin( ) {
esti mate = new ProcessEsti mator( 10000, 100 );
estimate.start( );

for( int i =0; i < 10000; i++ ) {
/1l Print status every 1000 itens
printStatus(i);
per f or mLengt hyProcess( );
estimate. uni t Conpl eted( );

}

estimate.stop( );

Systemout.println( "Conpleted " + estimate.getUnits( ) + " in " +
Mat h. round( esti mate. get Ti meSpent( ) / 1000 ) + " seconds." );
}

private void printStatus(int i) {
if( 1 %1000 == 0 ) {
Systemout.println( "Conpleted: " + estinmate.getConpleted( ) +
" of " + estimate.getUnits( ) );

Systemout.println( "\tTime Spent: " +
Mat h. round( esti mate. get Ti meSpent( ) / 1000) +
" sec" + ", Tine Remaining: " +
Mat h. round( esti mate. proj ectedTi reRemai ning( ) / 1000) +
" sec" );
}
}
private void perfornliengthyProcess( ) {
try {
Thr ead. sl eep( Randomti | s. next | nt (10));
} catch( Exception e ) {}
}

After each call to per f or nLengt hyProcess( ), the uni t Conpl et ed( ) method on ProcessEsti mat or iSinvoked. Every
100th call to uni t Conpl et e( ) CauSeS ProcessEst i mat or t0 update Si npl eRegr essi on With the number of records
remaining and the amount of time spent so far. After every 1000th call to per f or mLengt hyProcess( ), astatus messageis
printed to the console as follows:

Conpl eted: 0 of 10000

Time Spent: 0 sec, Tine Remaining: 0 sec
Compl et ed: 1000 of 10000

Ti me Spent: 4 sec, Tine Remaining: 42 sec
Conpl et ed: 2000 of 10000

Time Spent: 9 sec, Tinme Renmining: 38 sec
Conpl et ed: 3000 of 10000

Ti me Spent: 14 sec, Time Remmining: 33 sec
Conpl et ed: 4000 of 10000

Time Spent: 18 sec, Tinme Renmining: 28 sec
Compl et ed: 5000 of 10000
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Time Spent: 24 sec, Time Renmining: 23 sec
Conpl et ed: 6000 of 10000

Time Spent: 28 sec, Tinme Renmmining: 19 sec
Conpl eted: 7000 of 10000

Time Spent: 33 sec, Tinme Renmining: 14 sec
Compl et ed: 8000 of 10000

Time Spent: 38 sec, Tinme Remmining: 9 sec
Conpl et ed: 9000 of 10000

Ti me Spent: 43 sec, Tinme Remaining: 4 sec
Compl et ed 10000 in 47 seconds.

As shown above, the output periodically displays the amount of time you can expect the program to continue executing.
Initialy, there is no data to make a prediction with, so the ProcessEst i mat or returns zero seconds, but, as the program
executes the per f or nLengt hyProcess( ) method 10,000 times, a meaningful time remaining is produced.

8.10.3. Discussion

The previous exampl e used a method that sleeps for arandom number of milliseconds between 1 and 10, and thisvalueis
selected using the Randonit i | s class described in Recipe 8.4. It is easy to predict how long this processis going to take
because, on average, each method call is going to sleep for five milliseconds. The ProcessEst i mat or iSinaccurate when
the amount of time to process each record takes a steadily increasing or decreasing amount of time, or if there is a block of
records that takes substantially more or less time to process. If the amount of time to process each record does not remain
constant, then the relationship between records processed and time elapsed is not linear. Because the Pr ocessEst i mat or
uses alinear model, Si npl eRegr essi on, a nonconstant execution time will produce inaccurate predictions for time
remaining. If you are using the ProcessEst i mat or , make sure that it takes roughly the same amount of time to process
each record.

8.10.4. See Also
This recipe refersto the st opwvat ch class from Commons Lang. For more information about the st opvat ch class, see
Recipe 1.19.
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Chapter 9. Templating

9.1. Introduction

Systems designed without clear separation between presentation and application logic quickly become chores to maintain.
Trivial look-and-feel updates in such applications take days or weeks, and trying to extend such a coupled architecture can
introduce unmanageable risks and code that isimpossible to unit test. To minimize the possibility of creating such
disasters, avoid coupling presentation and application logic through the use of a good templating engine. Maintain clear
separation between presentation and application logic from the beginning—be orthogonal. Don't print out HTML, XML,
or SQL from Java code, use atemplating engine.

The simplest example of templating is Java's MessageFor mat . A sSimple message, such asHel | o {0}, | speak {1}, can
be parameterized using the MessageFor mat class. A more complex templating example is found in applications that use
Apache Velocity or FreeMarker to avoid mixing Javawith HTML or textual output. Throughout this spectrum of
complexity, the concept of templating remains the same; a template with references to variables is merged with a context
containing these variables. There are many ways to decouple the rigors of logic from the prettiness of presentation, and
after reading this chapter, you will have arange of options for different situations.

This chapter touches upon Apache Velocity, Apache Commons JEXL, and a technology outside of the Apache Software
Foundation named FreeMarker. Templating engines are frequently used in web application, and this chapter ends with
instructions for integrating these engines into a J2EE web application. Separating HTML or textual content into a separate
file allows you to give graphic designers and business users a larger role in customizing and creating content for the
enduser. With atemplating engine, you can dramatically reduce the time and effort it takes to make simple changes. But,
by far, the largest benefit of atemplating engine isthat it allows programmers to do more programming and graphic
designers to do more designing by reducing needless coupling of presentation markup and compiled application logic.

9.1.1. Common Templating Problems in Applications

Server-side Java has won afair amount of attention over the past five years, but devel opers seldom consider using
templating engines when writing a standalone Java application. Consider the following code, which prints a formatted
report for abank customer:

System Outpr|nt|n( LUIE S R I S R O )
Systemout.println( "*******x BANK STATEMENT *#*#****xu .
System Outprlntln( LR SR I S S I I R S I R I I I R I I I I L )
Account[] accounts = AccountUtil.get Accounts("1232");
doubl e total = 0.0;
for( int i =0; i < accounts.length; i++ ) {
Systemout.println( "Account: " +
accounts[i].getBal ance( ) );
total += accounts[i].getBal ance( );
}
Systemout.println( "Total: " + total );
System Outprlntln( LR SR I R S I I R I R I R I I S I L )

In this example, textual content is mixed with Java code, and a programmer must be involved in any change to the look
and feel of the report. If this report were generated using an external template, a nonprogrammer could be trained to
change the report, or the customers could customize the output of this program by modifying a template with
straightforward syntax.

Consider another common problem: generating an XML document. There are seemingly thousands of ways to create an
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XML document: using DOM or JDOM to create a Docurrent object, serializing an object with Commons Betwixt, and
using Hibernate are afew of these possibilities. Some of these techniques are explained in Chapter 6, but hereisan
example of how not to generate an XML document:

System out . println("<?xm version=\"1.0\"?>");

System out . printl n("<Config>");

Systemout. println("<Property nane=\"" + name + "\"\n" +
"val ue=\"" + value + "\"/>");

System out. println("</Config>");

Avoid this practice at all costs. Here are afew red flags from the previous two examples:

Mixed languages
Nesting an XML document into a Java class by way of printing out st ri ng literals is unreadable. When you need to
mentally decode heavily escaped XML nested in Java, you are asking yourself to do too much at once. Y ou will also
end up with mixed context, an XML element starting within a pair of parentheses, and ending in another. In this fugue
of forward and back slashes, one misplaced slash produces an invalid XML document, or one overlooked
Nul | Poi nt er Except i on causes a catastrophe. Y ou are asking your brain to compile two strands of code with
intertwined and overlapping syntax. While your compiler might not complain, your system will be difficult to
maintain. Code that is difficult to comprehend is even more difficult to maintain.

Escaped charactersin compiled code
Escaping charactersin st ri ng literals quickly becomes an annoyance, especially if the strings to be encoded contain
back slashes and double quotes. | accept that the St ri ng c: \ t enp\ bl ah. t xt , must be written asc: \\ t enp\\ bl ah. t xt ,
but | don't enjoy doing it. How confusing isaliteral \ "c:\\ tenp\\\ "? Avoid this entirely by using atemplating
engine or externalizing strings in propertiesfiles.

Mixing presentation with conditional or iterative logic
A previous example printed each account balance in af or loop. A common trick in JSP isto create awhi | e loop with
JSP scriptlets, surrounding the code to be executed with <% while( i < 4 ) { % and<»} %. Templating
languages such as Velocity or even JSP 2.0 with JSTL support conditional and iterative operations without asking you
to mix languages.
There are other opportunities for using atemplate in an application. These include code generation, creating SQL scripts,
and interacting with an interpreted language via generated scripts. The list continues, and it proves that templating isn't
just for making web pages.

9.1.2. Templating in Web Applications

Examine the JSP code below (the variable names have been changed to protect the innocent). Take this code and multiply
it by 100 or 200 pages. Now, what happens when you want to move from PostgreSQL to Oracle? Do you do a global
search and replace on the driver class name and the JDBC URL? Or, even worse, what happens when someone asks you
to trandate the entire site to Chinese in two weeks? It would be easier to learn Chinese in two weeks than it would beto
internationalize this code. The offending JSPis.

<% Resul t Set rs;

try {
Cl ass. forNane( "org.postgresql.Driver" );
String dbURL = "jdbc: postgresql://192.168. 0. 1/ dbnane";
Connecti on dbCon =

Dri ver Manager . get Connecti on( dbURL, "systenm, "");
Pr epar edSt at enent ps =
dbCon. prepareStatenent( "select * fromOfer " +
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"where id = ?" );
ps.setString( 1, request.getAttribute("id") );
rs = ps.executeQery( );

rs.next( );
} catch( Exception e ) {
% <% Sonet hi ng bad happened, Call Jack (800) 232-2233 %
<%} %
<j sp: i ncl ude page="header.htm " />
Hell o <% rs.getString("nanme") %,
| would like to informyou of a good offer.
<% rs.getString("offerText") %
There are a fewthings | would like to tell you.

<ul >
<% Thing[] things = OferUtil.getThings( rs.getString("id") );
for( int i =0; i <things.length; i++ ) { %
<li><% things[i].getText( )%</Ii>
<%} %
</ ul >

<j sp:include page="footer.htm" />

Tip

Thisisreal code from areal system, and it was written by a whole team of programmers who didn't find
anything terribly wrong with this style. If you were raised on JSP like this, you might not recognize some of
the problems. What is wrong with the previous example? Four different "languages' are combined in onefile
(Java, SQL, HTML, and JSP); the page starts off with JSP scriptlets, then the example contains Java code that
prints out HTML and generates SQL statements. Lastly, this particular JSP page forgets to close the
connection it created to the database—something that could easily create aresource leak under a heavy load.
Make it simpler, use atemplating engine (or upgrade to JSP 2.0) and never write aline of Javain a JSP
again.

Velocity, JEXL, and FreeMarker are remedies for the coupling issues demonstrated in the previous examples. Each of
these tools can be integrated into any application in a matter of minutes. In this chapter, you will learn techniques for
Separating presentation logic from behavioral (or business) logic. At the end of the chapter, | will briefly explain how you
can integrate all of these utilities into a 2EE web application.

9.1. Obtaining Commons JEXL

9.1.1. Problem

Y ou need to use Commons JEXL to evaluate a simple expression that contains references to variables and object
properties.

9.1.2. Solution
To use Commons JEXL in aMaven 2 project, add the following dependency to your project's pom xni :

Example 9.1. Adding a Dependency on Commons JEXL

<dependency>
<gr oupl d>commons- j exl| </ gr oupl d>
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<artifactld>commons-jexl </artifactld>
<ver si on>1. 1</ ver si on>
</ dependency>

If you are not sure what this means, I'd suggest reading Maven: The Definitive Guide. When you depend on alibrary in
Maven 2, all you need to do is add the dependency gr oupl d, arti f act | d, and ver si on t0 your project's dependencies.
Once you do this, Maven 2 will download the dependency and make it available on your project's classpath.

9.1.3. Discussion

Commons JEXL is an expression language interpreter influenced by the expression language features of JSP 2.0; JEXL is
an extended version of JSP 2.0 EL that does not depend on the Servlet API. This meansthat it can be integrated into any
application that needs to use an expression language.

Tip

JEXL issimilar to EL with one mgjor difference. The JSP 2.0 EL implementation project in Commons,
Commons EL, is covered by a Java Specification Request (JSR), which was developed under the Java
Community Process (JCP). Because of this, EL is bound to implement the JSP specification—no more and no
less. On the other hand, JEXL isfreeto extend and improve upon the standard.

9.1.4. See Also
To learn more about Commons JEXL, visit the Commons JEXL web site (http://commons.apache.ora/jex|/).

9.2. Using an Expression Language

9.2.1. Problem

Y ou need to parameterize text messages with variables and bean properties.

9.2.2. Solution

Use Commons JEXL to evaluate an expression containing references to bean properties. To reference properties of an
object, create an expression using the bean property syntax introduced in Chapter 3. Surround each property reference
with curly braces and aleading $, asin the following example:

Common Java Cookbook DocBook XM. Content was conposed by ${opera.conposer} in ${opera.year}

Use the following code to "merge" an instance of the per a bean with the above expression:

i nport org.apache. cormons. j ex| . Expr essi on;

i mport org.apache. conmons. j exl . Expressi onFact ory;
i mport org. apache. commons. j exl . Jex| Cont ext ;

i nport org.apache. conmons. j exl . Jex| Hel per;

Opera opera = new Qpera( );

oper a. set Nane(" The Magic Flute");

oper a. set Conposer (" Mzart");
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oper a. set Year (1791) ;
String expr =
"Conmon Java Cookbook DocBook XM. Content was conmposed by ${opera.conposer} in " +
"${opera.year}.";
Expr essi on e = Expressi onFactory. creat eExpressi on( expr );
Jex| Context jc = Jexl Hel per. createContext( );
jc.getVars( ).put("opera", opera);
String nessage = (String) e.evaluate(jc);
System out. println( nmessage );

This code puts an instance of the gper a bean in aJex! Cont ext and evaluates the expression, producing the following
output:

The Magic Flute was composed by Mozart in 1791.

9.2.3. Discussion

The previous exampl e creates and populates an instance of the per a bean: oper a. An Expr essi on object is then created
by passing a st ri ng containing a JEXL expression to Expr essi onFact ory. cr eat eExpressi on( ). A Jex| Context iS
created with acall to Jex! Hel per. creat eCont ext ( ). This context contains a map-like structure that holds named
variables, and the oper a object is added to the Jex| Cont ext under the name oper a. Once an Expr essi on and a

Jex| Cont ext are created and populated, expr essi on. eval uat e( ) merges the expression with the context, and a message
is generated. A JEXL expression evaluates to an Obj ect , but, in this case, the expression evaluatesto a st ri ng object, and
the results of the evaluation are cast to astri ng.

This simple exampl e sets the stage for a mgjority of recipesin this chapter; most templating engines involve the pattern
established by the previous example. First, there is atemplate—in this case, a st ri ng that contains expressions that are to
be replaced by bean properties. Second, a collection of named variables are put into a context. Lastly, the templateis
merged with the variables in the context.

This chapter makes heavy use of expressions in templating engines, and thisis alogical time to introduce the concept of
the syntax used to create expressions. If you are familiar with JavaServer Pages (JSPs) you may know about atag library
called the JavaServer Pages Standard Tag Library (JSTL), which is a set of standard JSP tag libraries that make creating
JSP pages much easier. Along with JSTL came something called EL, which is an expression language you can usein
JSTL tagsand in JSP 2.0. In general, JEXL can do everything that JSP EL can do, and more. Table 9-1 lists expressions
that are valid in both JSP 2.0 EL and Commons JEXL.

Table 9-1. Simple Commons JEXL and JSP 2.0 EL expressions

EL expression Evaluatesto

${true} true

${1} The integer 1

${' Hell o'} Thestring "Hello"

${' bl ah® == 'blah'} true

${var == true} true if the variable named var isaBooleantr ue
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EL expression

${x.a < 352}
${ball.color == 'Geen'}
$(x =2 || y == 4}

${t hi ng. col or. nane}

${t hi ng. shapes["circle"]}

${t hi ng. soneLi st[55]}

${enpty var}

${!(y < 4)}

9.2.4. See Also

For more information about JSP 2.0 Expression Language, see Hans Bergsten's article on onJava.com called "JSP 2.0:

Evaluatesto

true if x. get AC ) isanumber lessthan 352
true if bal | . get Col or ( ) equals"Green"
true if x equals2 or if y equals 4

Retrieves the value of t hi ng. get Col or (). get Name(
)

Retrieves the object stored under the key "circle" on
the Map shapes, which is abean property of t hi ng

Retrieves the object at index 54 of alLi st, sonelLi st ,
which is abean property of t hi ng

Evaluatestotrue if var isnul | or empty

true if y isnot lessthan 4

The New Deal, Part 1" (http://www.onjava.com/pub/a/onjava/2003/11/05/jsp.html) or his book JavaServer Pages

(O'Reilly).

9.3. Invoking Methods in an Expression

9.3.1. Problem

You are trying to print out a message that contains data returned by a method.

9.3.2. Solution

Commons JEXL can evaluate any method that is made available to the interpreter. The following expression invokes the
I anguage() method on an oper a bean. The act s property of pera isali st, and this expression invokesthe si ze( )
method on this Li st to obtain the number of actsin the oer a:

| anguage( )}

Common Java Cookbook DocBook XM. Content was conposed by ${opera.conposer} in ${opera.year}

Thi s opera has ${opera.acts.size( )}, and it is perfornmed in ${opera.

The following code creates and populates an expression and a context, merging the two to create a message:

i mport org.apache. cormons. j ex| . Expr essi on;
i mport org.apache. conmons. j exl . Expressi onFact ory;
i mport org. apache. commons. j exl . Jex| Cont ext ;
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i nport org. apache. commons. j ex| . Jex| Hel per;
Opera opera = new Opera( )
oper a. set Nane("The Magic Flute");
oper a. set Conposer (" Mzart");
oper a. set Year (1791) ;
opera. acts( new ArraylList(2) );
String expr =
"Common Java Cookbook DocBook XM. Content was conposed by ${opera.conposer} in ${opera.
"This opera has ${opera.acts.size( )} acts, and it is performed in " +
"${opera. | anguage( )}";
Expressi on e = Expressi onFactory. creat eExpressi on( expr );
Jexl| Context jc = Jexl Hel per. createContext( );
jc.getVars( ).put("opera", opera);
String nessage = (String) e.evaluate(jc);
Systemout. println( nmessage );

year}.'

The following message is printed to the console:

The Magi ¢ Flute was conmposed by Mozart in 1791. This opera has
2 acts, and it is perforned in Gernan.

9.3.3. Discussion

This code is almost the same as the previous recipe, but you will notice that the expression contains adirect cal to the
oper a. | anguage( ) method and acall to thesi ze( ) method on the act s property of oper a.

Because JEXL is not governed by the Java Community Process (JCP), JEXL isfreeto extend the feature set of EL. Table
9-2 presents valid JEXL expressions that are actually invalid JSP 2.0 EL expressions.

Table 9-2. Extended capabilities of JEXL expression language

JEXL expression Evaluatesto
${obj ect. function( )} Accessing any function on an object, this evaluates to

the return value from this function.

${"wWol fgang" + " " + "Mbdzart"} JEXL supports string concatenation. This expression
evaluatesto "Wolfgang Mozart."

${" Cow'. si ze( )} In JEXL you can get the size of astring like this. This
expression evaluatesto 3.

${ hashMap. si ze( )} On amap, JEXL will return the number of keys.
${arraylist.size( )} Returnsthe size of alist.
9.3.4. See Also

For more information about Commons JEXL's improvements on JSP 2.0 EL, see the Commons JEXL page
(http://commons.apache.org/jexl/).

201


http://jakarta.apache.org/commons/jexl/

Templating

9.4. Externalizing Logic with an Expression Language

9.4.1. Problem

Y ou heed to capture application logic in an external file.

9.4.2. Solution

Use an external propertiesfile to store expressions used in an application. For this recipe, imagine yourself creating a
system to sort Bal | objects based on a set of arbitrary criteria. Instead of hard-coding criteriain a series of Javai f -el se
clauses, create aframework with loads sorting criteria from a properties file containing bool ean JEXL expressions. For
instance, thefirst line in this properties file would be:

Hvy- G een- Basket = ball.color == 'Geen' && (ball.weight > 1000)

Thistrandlates to "If the ball's color is Green and the weight is over 1000, put this ball into the Heavy Green basket." The
name of each property is the name of the basket into which aBal I matching the criteriais placed. The contents of the
criteriafile are:

Hvy- Gr een- Basket = ball.color == 'Geen' && (ball.weight > 1000)
Sm Yell ow-bin = ball.color == "'Yellow && (ball.weight < 100)
Transparent-Bin = ball.isTransparent( )

Lrg- Yel | ow Basket = ball.color == "Yellow &&(ball.weight >= 100)
M sc-Bin = true

Each criterion is applied to each Bal | object in the order it appears in the criteriafile. The heavy green sorting criteriais
applied first, and each criterion is evaluated until the last criterion is reached. The last criteria aways evaluates to

t rue—similar to aswi t ch-case control statement, the "Misc-bin" is the default. The following code reads this criteriafile
and evaluates each JEXL expression in order to sort a collection of Bal | objects:

i mport org.apache. conmons. j exl . Expr essi on;
i nport org.apache. cormons. j ex| . Expr essi onFact ory;
i mport org.apache. commons. j exl . Jex| Cont ext ;
i nport org.apache. commons. j ex| . Jex| Hel per;
/l Load in our criteria properties
Properties criteria = new Properties( );
criteria.load( getd ass( ).getRResourceAsStrean("criteria.txt") );
Set binNanes = criteria. getKeys( );
// Load our ball objects into a List
List balls = getBalls( );
Iterator ballslter = balls.iterator( );
whil e( ballslter.hasNext( ) ) {
Ball ball = (Ball) ballslter.next( );
/] lterate through every rule, until you find a match...
Iterator binlter = binNanme.iterator( );
while( rulelter.hasNext( ) ) {

[/l Get the nanme of the basket

String basket = (String) binlter.next( );

/1l Get the expression corresponding to this bin.

String expr = conditions.get( bin );

Expr essi on e = Expressi onFactory. creat eExpressi on( expr );
/1 Popul ate the context with the current Ball object

Jex| Context jc = Jexl Hel per.createContext( );
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jc.getVars( ).put("ball", ball);

/! Eval uate the Expression
Bool ean result = (Bool ean) e.eval uate(jc);

/[l 1f the expression evaluated to true, add this Ball to the bin.

if( result.booleanValue( ) == true ) {
sendBal | ( bal |, basket );
}

}

The result of the Expr essi on evaluation isaBool ean value, and, if the Bool ean result ist r ue, the matching Bal | issent to
the specified basket.

9.4.3. Discussion

Using this technique, as the number of criteriaincreases, the code to implement this sorting algorithm remains unchanged.
The behavior of the system can be altered by changing the criteriafile; compiled code is left untouched. The codein this
Solution section is longer than aseries of i f -el se clauses to implement these criteriain code, but, as the number of
sorting criteriaincreases, you will be glad you took the extratime to create a general solution without hard coding system
behavior in Java code.

Thiswas the first example that involved something more than printing out a pretty message for human consumption.
JEXL has been used to create a "language” for sorting criteria; if aclient wants to change the rules, you can now train
someone familiar with simple logic statements to change a system to meet changing requirements.

9.4.4. See Also

This recipe demonstrated a system that uses a simple set of rulesto categorize balls. For more information about a serious
open source Rule Engine for Java named JESS, take alook at http://herzberg.ca.sandia.gov/jess/index.shtml. If you are
interested in Rule Engines, take alook at JSR 94: Java Rule Engine API (http:/jcp.org/en/jsr/detail 2d=94) or Ernest
Friedman-Hill's"Jessin Action" (Manning).

9.5. Obtaining Velocity

9.5.1. Problem

Y ou need to use Velocity to create templates that can reference variables and object properties and contain limited
conditional and iterative control structures.

9.5.2. Solution
To use Velocity in aMaven 2 project, add the following dependency to your project's pom xni :

Example 9.2. Adding a Dependency on Ve ocity

<dependency>
<gr oupl d>or g. apache. vel oci t y</ gr oupl d>
<artifactld>vel ocity</artifactld>
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<versi on>1. 6. 1</ ver si on>
</ dependency>

If you are not sure what this means, 1'd suggest reading Maven: The Definitive Guide. When you depend on alibrary in
Maven 2, all you need to do is add the dependency gr oupl d, arti fact I d, and ver si on t0 your project's dependencies.
Once you do this, Maven 2 will download the dependency and make it available on your project's classpath.

9.5.3. See Also
To learn more about Velocity, visit the Velocity web site (http://vel ocity.apache.org/).

9.6. Using a Simple Templating Language

9.6.1. Problem
Y ou heed to produce a parameterized message using atemplate stored in afile.

9.6.2. Solution

Use Velocity and store your template in the filesystem. Vel ocity is a straightforward templating engine with alightweight
syntax similar to the expression language introduced in Recipe 9.2. The following Velocity template is used to create an
email:

#set ( $customer = $subscri ption. cust onmer )

#set ( $mmgazi ne = $subscri pti on. magazi ne )

$cust oner. first Nane,

Your subscription to ${magazine.title} on

$subscription.endDate. |f you are interested in renew ng your subscription,
pl ease click on the followi ng URL, and enter your password:

${magazi ne. baseUr| }/renew?cust =or g. codehaus. cj cook: cj cook-content:jar:0.19

This template references a subscri pt i on bean bound to the name subscri pti on. ThisSubscri pti on Object hasa

cust oner property and amagazi ne property, and both of these properties are assigned to alocal template variable using
the#set directive. To render a Velocity template, the engineisinitialized using Vel ocity.init( ) , aVel oci t yCont ext
is created and populated, and the template is read with aFi | eReader . The following code renders this template:

i mport org.apache. vel ocity. Vel oci t yCont ext ;

i nport org.apache. vel ocity. app. Vel ocity;

/1 Initialize Velocity

Vel ocity.init( );

/'l Create a context and put our subscription object into the context
Vel oci t yCont ext context = new Vel ocityContext( );

cont ext . put ("subscri ption", testSubscription( ));

/] Create a Reader to read our velocity tenpl ate.

Reader reader = new Fil eReader( new File("renew vni) );

/1 Evaluate our tenplate and wite the result to a StringWiter
StringWiter witer = new StringWiter( );

Vel ocity. eval uate(context, witer, "test", reader);
Systemout.println( witer.toString( ) );
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Thetemplateisloaded from the filesystem in afile named r enew. vm and the following output is printed to the console:

Ti m

Your subscription to Science Wrld expires on July 20, 2003. |f

you are interested in renewing your subscription, please click on the foll ow ng
URL, and enter in your password.

http://ww. sci encewor| d. com r enew?cust =22324

9.6.3. Discussion

In the previous example, Vel oci ty isused as a singleton—a single instance of the Vel oci t yEngi ne in one Java Virtua
Machine. The Velocity engine has a number of configuration options, but, in this example, the Velocity engineis
configured with a default set of properties through acall to Vel ocity.init( ). Thetemplateis stored on the filesystem,
and the templateis read using aFi | eReader . The output of the template evaluation iswrittentoastri ngwiter. TO
merge atemplate with acontext, vel oci ty. eval uate( ) ispassed the following parameters. a Vel oci t yCont ext , a
witer tohold the output, a name for logging purposes, and a Reader to read the template.

Velocity syntax isvery simple, and it is similar to the expression language used in JSP 2.0 EL and Commons JEXL. If
you want to print out the value of abean property, use ${ bean. property} Or ${ bean. get Property( )}; Velocity can
handle both bean properties and methods. In addition to the basic expression syntax, Velocity also supports a number of
directives and control loops, which are explored in Recipe 9.7

The one directive used in the previous example is #set , which assigns a variable for use later in the script;

#set ($cust omer = $subscri ption. cust omer) assignsthe cust omer property of thesubscri pti on object to the variable
$cust oner . Table 9-3 lists some sample Velocity references that demonstrate referencing bean properties and invoking
methods.

Table 9-3. Sample Velocity references

Velocity reference Evaluatesto

${sub} Thevalue of "sub" in the vel oci t yCont ext .

${sub. endDat e} Thevalue of sub. get EndDate( ).

${sub. set Prop("Val ")} Thereturn type of set Prop( ) isvoid, thisreference

does not evaluate to avalue, but it doesinvoke the
setter with one argument.

$! {cust oner. first Name} If cust omer . get Fi rst Name( ) returnsanul |
reference, this evaluates to an empty Stri ng. Thisis
called aquiet reference.

${cust oner. first Nane} If cust omer . get Fi rst Name( ) returnsanul |, this
evaluatestothe string "null."

9.6.4. See Also

Velocity has anumber of configuration options that allow you to configure logging, character encoding, and the behavior
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of directives. For more information about configuring Vel ocity, see "Velacity Configuration Key and Values' in the
Velocity Developer's Guide (http://vel ocity.apache.org/engine/rel eases/vel ocity-1.6.1/user-guide.html).

9.7. Writing Templates with Conditionals and Loops

9.7.1. Problem

Y our template needs to iterate over alist of objects and highlight objects if a specific property meets a certain criteria.

9.7.2. Solution

Use a Velocity template with the #f or each and #i f directives. The following Velocity template uses a #f or each to loop
through aLi st of Ai rport beansand an#i f to check for the location of an airport relative to the supplied $count r yCode:

The Worl d's Busiest Airports
<t abl e>
<tr>
<t d>Rank</t d><t d>Code</t d><t d>Nane</t d><t d>Passenger s</ t d>
<t d>${ count r yCode} Donestic</td>
</tr>
#f oreach( $airport in $airports )
<tr>
<t d>$vel oci t yCount </t d>
<t d>%$ai r port. code</t d>
<t d>$ai r port. nane</t d>
<t d>$ai r port . passenger s</t d>
#i f( $airport.countryCode == $countryCode )
<td>Y</td>
#el se
<t d>N</t d>
#end
</tr>
#end
</ tabl e>

To render thistemplate, aLi st of Ai rport objectsand acount ryCode String iscreated and put into a Vel oci t yCont ext .
The $count ryCode reference is used to test the count r yCode property of every Airport object in the Li st ; if the
count r yCode property matches, ay is placed in the last column. The following code initializes the Vel ocity engine,
creates a Vel oci t yCont ext , and renders the template:

i mport org.apache.velocity. Vel ocity;

i nport org. apache. vel ocity. app. Vel oci t yCont ext ;

/1 Initialize Velocity with default properties

Vel ocity.init( );

/l Create a List to hold our Airport objects

List airports = new ArrayList( );

airports.add( new Airport(1l, "ATL", "Hartsfield Atlanta", 76876128, "US" ) );
airports.add( new Airport(2, "ORD', "Chicago O Hare", 66501496, "US" ) );
airports.add( new Airport(3, "LHR', "London Heat hrow', 63338649, "UK"' ) );
airports.add( new Airport(4, "HND', "Tokyo-Haneda", 61079478, "JP" ) );
airports.add( new Airport(5, "LAX', "Los Angel es", 56198447, "US" ) )
airports.add( new Airport(6, "DFW, "Dallas/Fort Wrth", 52826304, "US' ) );
/Il Create a context and put a List into the context, and a country code

Vel oci t yCont ext context = new Vel ocityContext( );
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context.put( "airports", airports );

context.put( "countryCode", "US" );

/Il Create a Reader to read our velocity tenplate.

Reader reader = new Fil eReader( new File("renew vni') );

[/l Evaluate our tenplate and wite the result to a StringWiter
StringWiter witer = new StringWiter( )

Vel ocity. eval uate(context, witer, "test", reader);
Systemout.printin( witer.toString( ) );

This code produces the following output after merging the Velocity template with a Vel oci t yCont ext :

The Worl d's Busiest Airports

Rank Code Nane Passengers US Donestic
1 ATL Hartsfield Atlanta 76876128 Y
2 ORD Chicago O Hare 66501496 Y
3 LHR  Heat hr ow 63338649 N
4 HND  Tokyo- Haneda 61079478 N
5 LAX Los Angel es 56198447 Y
6 DFW Dallas/Fort Wrth 52826304 Y

9.7.3. Discussion

The #f or each directive can iterate over arrays, Enuner at i onS, Li st S, and Set S; each element is exposed as alocal
reference specified in the parameter to #f or each. A #f or each block isterminated by #end. The #f or each directive also
exposes alocal reference $vel oci t yCount , which holds the index of the current row, and, if you need to create atable
with alternating row colors, usethevel oci t yCount variable withthe#i t directive:

#f oreach( $wi dgets in $theTool box )
#if( $vel ocityCount %2 == 0 )
#set ( $bgCol or = ' #DDD )
#el se
#set ( $bgCol or = ' #CCC )
#end
<tr col or="%${bgCol or}">
<t d>Sone Dat a</td>
</tr>
#end

The#i f directivetakes abool ean expression, and renders the content contained in the #i f block if this expression
evaluatestotrue. Like#f oreach, an#i f block isalso terminated by #end. The#i f directive can aso be followed by an
#el sei f block or an #el se block, as shown in the following example:

#i f( $vari abl e == "TEST" )
This is a test.

#el sei f( $variable == "SERI QUS" )
The condition is Serious.

#el sei f( $variable == "MAIOR" )
The condition is Mjor.

#el se
The condition is Nom na

#end

The #f or each directive can be used to iterate over aset of keysfrom amap. To access each element in a vap, use the
bracket notation shown in the following example:
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#set ( $keys = soneMap. keySet ( ) )
#f oreach( $key in $keys )

$key: $soneMap[ Skey]
#end

9.7.4. See Also

For information about the relational and logical operators supports by Velocity, see the Velocity Template Language
(VTL) Reference Guide (http://vel ocity.apache.org/engine/rel eases/vel ocity-1.6.1/vtl-reference-quide.html).

9.8. Using Macros in a Templating Engine

9.8.1. Problem
Y ou need to reuse portions of atemplate to standardize the display of common elements such as an address or a name.

9.8.2. Solution

Use Velocity Macro definitions to reuse logic to print out both names and addresses. V elocity macros are like subroutines
that take a set of parameters and perform common tasks. In the following Velocity template, two macros, #name and
#addr ess, handle the printing of names and addresses:

#set ( $vol unt eer = $appoi nt nent. vol unt eer )
#set ( $l ocati on = $appoi ntnent.| ocation )
#set ( $org = $appoi nt ment. or gani zati on )
## Define the "name" macro
#macro( name $obj ect ) $! obj ect.firstName $! object.| ast Name#end
## Define the "address" nacro
#macr o( address $object )
$! obj ect . address. street 1
$! obj ect . address. street 2
$! obj ect. address.city, $!object.address.state $!object. address. zi pcode
#end
#nanme( $vol unteer ),
Thank you for volunteering to help serve food at the $l ocati on. nane next
week. This email is a rem nder that you are scheduled to help out from
$appoi ntrent . start Ti me to $appoi nt ment . endTi me on $appoi nt ment . dat e.
The address of the shelter is:
#address( $l ocation )
If you need directions to the shelter click the foll owi ng URL
${org. baseUrl }di rections?l ocati on=or g. codehaus. cj cook: cj cook-content:jar:0.19
Also, if you are unable to hel p out on $appoi ntment. date, please |et us know by
sending an email to ${org.enmmil} or by filling out the format this URL
${or g. baseUr| } pl anschange?appoi nt nent =or g. codehaus. cj cook: cj cook-content:jar:0.19
Thanks agai n,
#name( $org. presi dent )
#address( $org )

In the following code, the template shown previoudly is loaded from a classpath resource or gani ze. vm and an
Appoi nt ment object is placed ina Vel oci t yCont ext :

i nport org. apache. vel ocity. Vel oci t yCont ext ;
i mport org.apache. vel ocity. app. Vel oci t yEngi ne;
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i mport org. apache. vel ocity. runtinme. Runti neConst ant s;

/l Create and initialize a Vel ocityEngi ne setting a configuration property
Vel oci t yEngi ne vEngi ne = new Vel oci t yEngi ne( );

VENgi ng. set Property( Runti meConstants. VM CONTEXT_LOCALSCOPE, Bool ean. TRUE ) ;
VEngine.init( );

[/l Create a test Appoi ntment

Appoi nt ment appoi nt nrent = test Appoi ntnment( );

/] Create a Velocity Context and give it the appoi nt nent

Vel oci t yCont ext context = new Vel ocityContext( );

cont ext . put (" appoi ntment"”, appoi ntment);

/]l Prepare a StringWiter that will hold the contents of

/1 our tenplate nerge

StringWiter witer = new StringWiter( );

/] Get a streamto read in our velocity tenplate. The

/] organize.vmfile is | oaded fromthe classpath and is stored

/1 in the same package as the current cl ass.

| nput Stream tenpl at eSt ream = get 0 ass( ). get Resour ceAsStrean{ " or gani ze.vni);
Reader reader = new | nput StreanReader( tenplateStream);

/1 Evaluate the tenplate

VEngi ne. eval uate(context, witer, "test", reader);

/1 Print out the results of the tenplate eval uation
Systemout.println( "organize: " + witer.toString( ) );

The template is merged with a Vel oci t yCont ext , and the following output is produced:

John S.,
Thank you for volunteering to help serve food at the Boston Honel ess
Vet erans Shelter next week. This enmail is a reninder that you are

schedul ed to help out from9:00 AMto 2: 00 PM on Mnday, Septenber
12, 2003. The address of the shelter is:
17 Court Street
Bost on, MA 01260
If you need directions to the shelter click the followi ng URL:
http://ww. organi ze. com di recti ons?l| ocati on=2342
Also, if you are unable to help out on Septenber 12th, please let us
know by sending an email to organi ze@el pout.com
or by filling out the format this URL:
http://ww. or gani ze. com pl anschange?appoi nt nent =29932422
Thanks agai n,
Bri shen R
201 N. 2nd Street
Jersey City, NJ 20213

9.8.3. Discussion

A macro definition is started with the #macr o directive and ended with #end; the same macro isinvoked by calling
#<macr o_name>( <par anet er s> ). Velocity macros must be defined before they are referenced, using the following
syntax:

#macr o( <nane> <ar gument s>)
<Macr o Body>
#end

Macro parameters are not typed as are method parameters in Java; there is no mechanism to check that an Addr ess object
is passed to the #addr ess macro, throwing an exception if an inappropriate object is encountered. To successfully render
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this Velocity template, verify that an Addr ess is sent to the #addr ess macro and a Per son is sent to the #name macro.

In the previous example, an instance of Vel oci t yEngi ne is created and the Runt i meConst ant s. VM CONTEXT_LOCAL SCOPE
property isset to t rue. This property correspondsto the vel oci macr o. cont ext . | ocal scope, which controls the scope of
references created by #set directives within macros. When this configuration property isset tot r ue, references created in
the body of amacro are local to that macro.

The Velocity template in the Solution expects a single reference $appoi nt ment to an Appoi nt ment bean. Each

Appoi nt ment hasavol unt eer property of type Per son, and every O gani zat i on hasapr esi dent property of type

Per son. These Per son objects, ${ appoi nt ment . vol unt eer} and ${ appoi nt ment . or gani zat i on. pr esi dent }, are passed
to the #name macro that prints out the first and last name. Two Addr ess objects, ${ appoi nt nent . | ocat i on. addr ess} and
${ appoi nt ment . or gani zat i on. addr ess}, are passed to the #addr ess macro that prints a standard U.S. mailing address.

A macro can contain any directive used in Velocity; the following macro uses nested directives to print out alist of
numbersin HTML. #nunber Li st allows you to specify arange with $I ow and $hi gh; valuesin $nurber s within this range

will be printed bold:

#macr o( nunber Li st $nunmbers $l ow $hi gh )
<ul >
#f oreach( $nunber in $nunbers )
#if ( ($nunber > $l ow) && ($nunmber < $high) )

<l i ><b>$nunber</b> - In Range!</Ili>
#el se
<l i>$nunber</li> - Qut of Range!</li>
#end
#end
</ ul >
#end

The macro defined above would be called by the following Vel ocity template. Note the presence of comments, which are
preceded by two hashes (##):

#set ( $squares = [1, 4, 9, 16, 25, 36, 49, 64, 81, 100] )
## Print out a |list of nunbers highlighting nunbers

## between 25 and 75

#nunber Li st ( $squares, 25, 75 )

9.8.4. See Also

If your system has alarge number of Velocity templates, you can create a set of files to hold common macros, which will
be made available to every Velocity template using the vel oci macro. I'i brary property. For more information, see the
Velocity User Guide (http://vel ocity.apache.org/engine/rel eases/vel ocity-1.6.1/user-quide.html#V el ocimacros).

9.9. Invoking Methods in a Template

9.9.1. Problem
Y ou need to invoke methods from a Velocity template.

9.9.2. Solution
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Use Velocity to access public methods on an object in the Vel oci t yCont ext . Bind an object to the vel oci t yCont ext and
reference methods on these objectsin a Velocity template. The following template, available on the classpath at
scripting/vel ocity/resul ts.vm invokestheaverage( ), m n( ), and max( ) methodsonastat Uil object bound to
thereference $st at :

** Aggregate Statistics

Aver age: $stat.average( $results.scores )%

Lowest: $stat.nmin( $results.scores )%

Hi ghest: $stat.nmax( $results.scores )%

** Scores:

#f oreach( $student in $results.students )
#score( $student 50 )

#end

More results are avail abl e here:

http://ww.test.confdetail ?test={results.id}

Thestat Uil object, whichisbound to $st at , computes basic statistics on integer arrays. This class definition is:

public class StatUtil {
public int average(int[] array) ({
int sum= 0.0;
for( int i =0; i < array.length; i++ ) {
sum += array[i];
}

return( sum/ array.length );

public int min(int[] array) {
int mn = Integer. MAX_VALUE;
for( int i =0; i < array.length; i++) {
if( array[i] <mn) { min = array[i]; }
}

return( mn);
public int max(int[] array) {
int max = I nteger. M N_VALUE;
for( int i =0; i < array.length; i++) {
if( array[i] > max) { max = array[i]; }
}

return( max );

The template shown above is loaded from the classpath, and ast at Uti | object is added to the Vel oci t yCont ext . The
Vel oci t yEngi ne is configured to load templates from the classpath, and the template is merged with acall to
nmergeTenpl ate( ) :

i nport org. apache. vel ocity. Vel oci t yCont ext ;

i mport org.apache. vel ocity. app. Vel oci t yEngi ne;

/1 The followi ng Iines of code tell the Velocity Engine

/1l where to find our shared Macros, 2. Load everything from
/] C asspat h.

Vel oci t yEngi ne vEngi ne = new Vel oci t yEngi ne( );

VENngi ne. set Property("vel oci macro. library", "scripting/velocity/mcros.vm');
VENngi ne. set Property("resource. | oader", "cl ass") ;
VENngi ne. set Property("cl ass. resource. | oader. descri ption", "Cd asspath Loader");

VENgi ne. set Property("cl ass. resource. | oader. cl ass",
"org.apache. velocity.runtine.resource. | oader. Cl asspat hResour ceLoader") ;
VEngine.init( );
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/] Put the test results and the StatUtil object into the context
Vel oci t yCont ext context = new Vel ocityContext( );
context.put("results”, testResults( ));

context.put("stat", new StatUil ( ));

/1l Since we've configured our Vel ocityEngine to | oad our

/] tenplates fromthe classpath, we can call nergeTenpl ate and
/1 let the VelocityEngi ne take care of readi ng our tenplate.
StringWiter witer = new StringWiter( );

VEngi ne. nergeTenpl at e("scripting/velocity/results.vn', context, witer);
/1 Print out the results

Systemout.println( "results: " + witer.toString( ) );

When the template is merged with a Vel oci t yCont ext containing student resultsand a st at Ut i | object, the following
output is produced:

Here is the student performance on Test #3: The Geography of Upper Mngoli a.
** Aggregate Statistics

Aver age: 84. 3%

** Scores:

Tim QO 40. 2% FAI L
Susan P. 90. 6% PASS
St even R 80. 4% PASS
Kofi A 78. 0% PASS
Rock P. 85. 1% PASS

More results are avail abl e here:
http://ww.tests. com detail ?t est| d=2324223

9.9.3. Discussion

Note that the #scor e macro is absent from this template. The #scor e macro encapsulates presentation logic to transate a
number grade to a printed |etter grade. This macro is stored in a separate file made available as a classpath resource stored
inscripting/vel oci ty/ macros. v

#macro( score $student $passi ngG ade )
#i f( $student.score >= $passi ngG ade )
St udent : Conmon Java Cookbook DocBook XM. Content Score: ${student.score}% PASS
#el se
St udent : Conmon Java Cookbook DocBook XM. Content Score: ${student.score}% FAl L
#end
#end

The Vel oci t yEngi ne is configured to load both the #scor e macro and the template from the classpath by setting the
resour ce. | oader, cl ass. resource. | oader. descri ption, andcl ass. resour ce. | oader. cl ass. The#score macrois
loaded from a macro library, and the location of thislibrary is specified in the vel oci macro. I'i brary configuration
property. Velocity has built-in resource loaders to 1oad resources from the filesystem, the classpath, a database, or a JAR
file. The following configuration configures two resource loaders for avel oci t yEngi ne—a filesystem resource |oader
and a classpath resource loader. When aresource is loaded, the Vel oci t yEngi ne attempts to locate the resource in the
filesystem, and, if the resource is not found, it searches the classpath. Using this configuration, you can create an
application with default templates in the classpath, which can be overridden by customized templates on the filesystem.
The file resource loader is aso configured to cache file resources in memory, checking for a modification every 600
seconds:

resource. |l oader = file, class
file.resource. | oader. description = Custom zed Tenpl at es
file.resource.l oader.class =\ org.apache.velocity.runtinme.resource. | oader.
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Fi | eResour ceLoader

file.resource.l oader.path = custom tenpl ates

file.resource. | oader.cache = true
file.resource. | oader. nodificati onChecklnterval = 600

cl ass. resource. | oader. description = Default Tenpl at es

cl ass. resource. | oader.class =\ org.apache.velocity.runtine.resource. | oader.
O asspat hResour ceLoader

Instead of configuring a Vel oci t yEngi ne in Java code, the name of this properties file can be passed tothei ni t ( )
method:

Vel oci t yEngi ne engi ne = new Vel oci t yEngi ne( );
engine.init( "conf/velocity.properties" );

9.9.4. See Also

If you need to format dates and numbers, take alook at the Vel oci t yTool s project, which provides a few ready-made
utilities, such as Dat eTool , Nunber Tool , and Mat hTool (http://velocity.apache.org/tools/releases/1.4/).

Velocity's simplicity can be both ablessing and a curse. In this last example, note that the student scores were all stored as
integer values. Ve ocity's numeric comparisons only work with integers values. Try to evaluate ${var < 37.4} ina
Velocity template and you will have inconsistent results. Velocity issimpleis by design. If you are looking for amore
complex templating engine, the next few recipes introduce another templating engine named FreeMarker.

9.10. Obtaining FreeMarker

9.10.1. Problem
Y ou need to use FreeMarker to write templates that can reference variables, object properties, and DOM Node objects.

9.10.2. Solution
To use Freemarker in aMaven 2 project, add the following dependency to your project's pom xm :

Example 9.3. Adding a Dependency on Commons BeanUtils

<dependency>
<gr oupl d>or g. f r eemar ker </ gr oupl d>
<artifactld>freemarker</artifactld>
<ver si on>2. 3. 15</ ver si on>

</ dependency>

If you are not sure what this means, 1'd suggest reading Maven: The Definitive Guide. When you depend on alibrary in
Maven 2, all you need to do is add the dependency gr oupl d, arti f act I d, and ver si on t0 your project's dependencies.
Once you do this, Maven 2 will download the dependency and make it available on your project's classpath.

9.10.3. See Also
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To learn more about FreeMarker, visit the FreeMarker web site (http://www.freemarker.org/).

9.11. Using a Complex Scripting Engine

9.11.1. Problem

Y ou need to find a templating engine that supports number formatting, date formatting, and comparison of double values.
In addition, you are looking for a templating engine that gives you more control over whitespace and line breaks.

9.11.2. Solution

Use FreeMarker, atemplating engine with alarge built-in feature set that includes support for date and number formatting
and intelligent handling of whitespace. The following FreeMarker template creates a summary report for a college course:

<#assi gn student = enroll ment. student >

<#assi gn course = enrol |l nent.course >

<#tassi gn exans = enrol | nent.exans >

<#-- This macro assigns a variable naned final -->

<@inal exans=exans/>

${student.firstName} ${student.| astNane},

Here is a summary of your performance in ${course.dept} ${course.nuni}
Common Java Cookbook DocBook XM. Content.

d ass: Conmon Java Cookbook DocBook XM. Cont ent
Pr of essor: ${cour se. pr of essor}
Sect i on: ${enrol | nent.section?string("000")}

Exam Date, Score, Wight, G ade
<#l i st exanms as exanp
<@onpress single_line=true>
<#assi gn score = exam score >
Common Java Cookbook DocBook XM. Content,
${ exam dat e?dat e?stri ng. short},
#{ exam score; mLML}
${ exam wei ght },
<@etter score=score/>
</ @onpr ess>

</#list>
Final Gade: ${final; nlM} <@etter score=final/>
Your final grade has been subnmitted to the Registrar
<#macro final exanms>
<#l ocal num = 0>
<#l ocal dem = 0>
<#l i st exans as exanp
<#l ocal num = num + (exam score * exam wei ght)/>
<#l ocal dem = dem + exam wei ght >
</#list>
<#assign final = num/ denp
</ #macr o>
<#macro |l etter score>
<#if (score >= 90)> A
<#el seif (score >= 80)> B
<#el seif (score >= 70)> C
<#el seif (score >= 60)> D
<#el se> F
</#if>
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</ #macr o>

To merge this template with data, populate a Map with named attributes and pass this Map to thet enpl at e. process()
method. The following code creates a Conf i gur at i on object that |loads a FreeMarker template, t enpl ate. ft1, from the
classpath. An Enr ol | ment object is added to the root vap, and the output of the template merge iswritten to a
StringWiter:

i nport freemarker.tenpl ate. Configuration;

i mport freemarker.cache. d assTenpl at eLoader ;

i nport freemarker.tenpl ate. Obj ect W apper;

i mport freemarker.tenpl ate. Tenpl at e;

StringWiter witer = new StringWiter( );

[/l Create a Configuration object for FreeMarker
Configuration cfg = Configuration. getDefaultConfiguration( );
cf g. set Tenpl at eLoader (new C assTenpl at eLoader (get d ass( )));
cf g. set Obj ect W apper ( Obj ect W apper . BEANS WRAPPER) ;

/1 The root Map serves as a Context for our tenplate engine
Map root = new HashMap( );

root.put("enrollnment", testEnrollnent( ));

/[l A tenplate is processed with a Map and output is sent to a Witer.
Tenpl ate tenplate = cfg.get Tenpl ate("tenplate.ftl");

t enpl at e. process(root, witer);

Systemout.println("output: \n" + witer.toString( ));

Thetemplateis rendered, and the following output is printed to the console:

Stefan W nz,

Here is a sunmary of your performance in ECON 201 Macroecononi CsS.
Cl ass: Macr oecononi cs

Pr of essor: Dr. Stephen H. Jones
Secti on: 002

Exam Date, Score, Wight, G ade
TO1, 01/10/03, 93.4, 1.00, A
T02, 01/27/083, 85.5, 1.50, B

M d, 02/15/03, 98.0, 2.00, A+
TO3, 03/31/083, 71.5, 1.00, C
TO4, 04/10/03, 88.5, 1.50, B+
Fin, 05/05/03, 95.0, 4.00, A

Fi nal G ade: 91 A-

Your final grade has been subnitted to the Registrar. Have a great Sunmmer!

9.11.3. Discussion

In the template for this recipe, three objects are retrieved from an Enr ol | nent Object: acour se property, ast udent
property, and aLi st of Examobjects. Three variables—cour se, st udent , and exam—are created with the <#assi gn>
directive, <#assi gn vari abl e = expressi on >. Properties are referenced as they were referenced in JEXL and Velocity;
${enrol | nent. student} isused to accessthe st udent property ontheenrol | ment. A student'sfinal course gradeis
calculated in amacro by caling <@i nal exans=exams/ >. This macro assigns aglobal template variable, fi nal , whichis
formatted to one decimal place with the expression ${fi nal ; mim}.

At first glance, a FreeMarker template looks very similar to a Velocity template, but there are several interesting features
not available in Velocity:
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Formatting dates and numbers
Our date object was formatted with the expression ${ exam dat e?dat e?st ri ng. short}. ?dat e instructs the engineto
take only the day, month, and year portion of the date, and ?stri ng. short tells FreeMarker to use thelocae's
short-date format (12/31/04). Y ou can also specify your own date format using the same syntax you would use in
Si npl eDat eFor mat . The expression ${ exam dat e?st ri ng(" M dd- yyyy hh: nrm ss")} would output astring similar
to "12-31-2004 04.23:22."

Comparing dates and numbers
FreeMarker can compare dates and numbers, both integer and floating point.

Macros with named parameters
Macros can be invoked with named parameters. For example, the @ et t er macro can be invoked with named
parameters. <@et ter team="Boston Cel tics" score="34"></ @etter>.
Here are some other interesting FreeMarker features not availablein Velocity:

» Namespaces for variables and macros
 "Built-in" functions for basic types

» Accessto XML document objects

» Improved looping

* Local macro variables

 Built-in XML and HTML escaping

Tip

Velocity has avery large user base, and it isthe right tool for asimple job. FreeMarker has some very useful
features "out of the box," while Velocity requires developersto install supporting utilities or write these
"extensions' from scratch. Some devel opers will prefer atemplating language that is simple by design, and
others need atool that is substantially more complex. Thereis a case to be made for simplicity. If you
working on alarge team, where you have content authors who need to create and maintain your templates,
you may want to use atechnology like Velocity that embraces simplicity. Open source communities benefit
from healthy cross-pollination of ideas and competition, and FreeMarker was developed as an aternative to
Apache Velocity; they even have afeature comparison page (http://www.freemarker.org/fmVsvel.html).

9.11.4. See Also

It is beyond the scope of this book to drill into the details of every FreeMarker feature listed in thisrecipe. If you are
interested in learning more about FreeMarker, take alook at the online documentation
(http://www .freemarker.org/docs/index.html).

If you are using Apache Velocity and wish to migrate your templates to FreeMarker, the FreeMarker team has written a
utility, code named "US Cavalry," which will automatically tranglate your VTL templatesto FTL templates. To obtain
"US Cavalry," see http://www.freemarker.org/usCavalry.html.
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9.12. Accessing XML Documents from a Templating Engine

9.12.1. Problem

Y ou need to reference XML nodes from atemplate.

9.12.2. Solution

Use FreeMarker and parse an XML document with the NodeModel class. A NodeMbdel is an object that allows access to an
XML document as a hierarchy of named elements and attributes from a FreeMarker template. NodeModel hasapubl i c
stati c method parse( ), which parses an XML document and returns aNodeMbdel to be added to your context Map. The
following code parses an XML document and passes a NodeMbdel to atemplate:

i mport freemarker.tenplate. Configuration

i nport freemarker.cache. C assTenpl at eLoader ;

i mport freemarker.tenpl ate. Cbj ect Wapper;

i mport freenarker.tenpl ate. Tenpl at e;

i mport freemarker. ext.dom NodeMbdel

/Il Create a File Cbject for our XM. data

Fil e conposers = new Fil e("conposers. xm ");

NodeMbdel nodeMbdel = NodeModel . parse( conposers );

Map root = new HashMap( );

root. put ("doc", nodeMdel);

/l Atenplate is processed with a Map and output is sent to a Witer.
Tenpl ate tenpl ate = cfg. get Tenpl at e( " conposer Tabl e. ftl");
tenpl at e. process(root, witer);
Systemout.println("output: \n" + witer.toString( ));

A Fi | e object refersto an XML document, and NodeModel . parse( ) isused to parse this document to a NodeModel
object, which isthen placed in ther oot Map—the context with which the FreeMarker template will be merged. The XML
document contains information about the lives of great classical composers, and the structure of this document is shown
here:

<?xm version="1.0"?>
<conposer s>
<conposer >
<nane>Bach, Johann Sebasti an</ name>
<born date="3/21/1685">
<l ocat i on>Ei senbach</| ocati on>
</ bor n>
<not es>Bach wrote intense and conpl ex fugues. </ notes>
<li nk>ht t p: // ww. bachf aqg. org/ </ |i nk>
</ conposer >
<conposer >
<nane>Mbzart, Wl fgang Amadeus</ nane>
<born date="1/27/1756" >
<l ocati on>Sal zbur g</| ocati on>
</ bor n>
<notes>Wote first synphony at age 8.</notes>
<link>http://ww. nmozart project.org/</link>
</ conposer >
<conposer >
<panme>Hendri x, Ji m </ nane>
<born date="11/27/1942">
<l ocati on>Seattl e</| ocati on>

217



Templating

</ bor n>
<not es>Hendri x set his guitar on fire in Mnterey</notes>
<l'ink>http://ww. jimhendrix.com </I|ink>
</ conposer >
</ conposer s>

The NodeModel Object is exposed to the template as doc, and the #1 i st directive is used to iterate through each conposer
element. A reference to achild element I i nk of the conposer element is${conposer. i nk}, and areference to the date
attribute of the born element is preceded by @ - ${ conposer . bor n. @at e} . The FreeMarker template, which references

elements and attributes through a NodeModel , is:

<#l i st doc. conposers. conposer as conposer>
<p>
<a href="${conposer. |ink}">Conmobn Java Cookbook DocBook XM. Cont ent </ a><br/>
Born on ${conposer.born. @ate} in ${conposer.born.| ocation}<br/>
Not es: ${conposer. not es}
</ p>
</#list>

9.12.3. Discussion

In addition to simple access to elements and attributes, FreeMarker also alows you to use XPath expressions if Apache
Xalan is available on the classpath. If you have Xalan, you can use XPath with the same syntax you would use if you were
trying to access a map. Instead of soneMap[ "key"], you would use soneEl erment [ " <XPat h>"] . Hereisaquick example,
which uses an XPath expression to iterate through every composer's "born™" element:

<#l i st doc["conposers/conposer/born*] as birth>
<p>Born: ${birth.date}, ${birth.location} Commmon Java Cookbook DocBook XM. Content </ p>
</#list>

FreeMarker a so includes a number of built-ins for NodeModel objects; in the previous template, ?par ent returns the
parent element of the element represented by the bi rt h node. Table 9-4 lists a number of built-ins for XML nodes;
2chi | dren returns all of the child nodes of a given node, and ?ancest or s gives every node above thisnode in an XML
document.

Table 9-4. FreeMarker built-insfor NodeM odel objects

Expression Evaluatesto
${ composer s?chi | dr en} A sequence of all child nodes. This example would

return 3 conposer nodes.

${ conposer ?par ent } If called on aconposer node, this would return the
conposer s hode.

${ conposer ?r oot } Thiswould return the doc nhode, which is the topmost
node in this document.

${1i nk?ancest or s} If this corresponded to the link element for Jimi
Hendrix, this would return a sequence of
[ ${conposers. conposer[3]}, ${composers}].This
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Expression Evaluatesto

returns an array of al ancestors starting with
${link?parent} andending at ${!i nk. root}.

${1i nk?node_nane} Thiswould return "link." This returns the name of the
element or attribute in question.

${1i nk?node_t ype} Thiswould return "element." 1t could return
"attribute," "element,” "text," "comment," "entity,"
and afew other types corresponding to Node typesin
the DOM API.

9.12.4. See Also

For more detail about referencing XML elements through NodeMbdel and the use of XPath expressionsin FreeMarker, see
the "Learning by Example" section of Imperative XML Processing

(http://www.freemarker.org/docs/xqui_imperative learn.html).

FreeMarker also offers syntax for declarative processing of XML—assigning macrosto handle elementsin an XML
document. For more information about FreeMarker declarative XML processing, see the FreeMarker online
documentation (http://www.freemarker.org/docs/xqui_declarative_basics.html).

9.13. Using Velocity in a Web Application

9.13.1. Problem
You are sick of writing JSP and having to wait for pages to compile. Y ou would like to find away to use Velocity instead
of JSP.

9.13.2. Solution

Configure your web application to use the Vel oci t yVi ewSer vl et to render your Velocity templates. Download the |atest
version of the vel oci t yVi ew project from http://velocity.apache.org/; it islisted under "Velocity Tools 1.1." Put the
velocity and velocity-tools jarsin the wee- | NF/ |i b directory, and configure your web application to render templates
ending in*. vmwith the vel oci t yVi ewSer vl et . Add the following ser vl et and ser vl et - mappi ng €lements to your

web. xni file asfollows:

<I-- Define Velocity tenplate conpiler -->
<servl et >
<servl et - nane>vel oci t y</ ser vl et - name>
<servl et-cl ass>
org. apache. vel ocity. t ool s. vi ew. servl et. Vel oci t yVi ewSer vl et
</servlet-class>
<| oad- on- st art up>10</| oad- on- st art up>
</servlet>
..... ot her servlets.....
<l-- Map *.vmfiles to Velocity -->
<servl et - mappi ng>
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<servl et - name>vel oci t y</ servl et - name>
<url-pattern>*.vnm</url-pattern>
</ servl et - mappi ng>

All requests ending in *. vmare processed by the Vel oci t yVi ewSer vl et , which locates the appropriate Velacity template
in the document root of your web application. Attributes from the request, session, and application scope will be available
asvariablesin the vel oci t yCont ext .

To test this configuration, create asimple Velocity template in the document root of your web application named

i ndex. vm start your servlet container, and attempt to render the template by loading http://<server>/<web-app>/index.vm
in abrowser. If everything is set up correctly, you should see the rendered template. If the configuration is not correct, you
will see the source for your Velocity template.

9.13.3. Discussion

JSP compilation is an annoyance, especialy if you are constantly atering and debugging JSP—all that waiting around
adds up over the course of along project. Using Velocity can help improve performance; the simplicity and elegance of
Velocity makes parsing and executing atemplate fast and efficient. If you are looking for aviable alternative to JSP, try
Velocity as your view layer, and you might be surprised.

Velocity can be arefreshing break from JSP, and almost any web application framework will work with Velocity. If you
are working with an existing web application, there is no need to stop using JSPin lieu of Velocity; you can use both
technol ogies in the same web application. Templates ending in *. j sp will be rendered by the existing JSP servlet, and
templates ending in *. vmwill be rendered by the Vel oci t yVi ewSer vl et .

9.13.4. See Also

VelocityTools also contains a project named V elocity Struts, which provides tools to integrate Vel ocity with Struts. The
VelocityStruts project has tools that duplicate the functionality of the Struts JSP tag libraries—a For nifool  corresponds to
theht m tag library, aMessageTool duplicatesthe bean: message tag, aTi | esTool provides accessto the Strutstiles
plug-in. It is possible to introduce Velocity into an existing Struts application by simply adding the ser vl et and

ser| vet - mappi ng 0 web. xni , as shown above. Configure the vel oci t yVi ewSer vl et , and configure an Act i on to forward
to avelocity template; configure the struts tool s by following the directions on the VelocityStruts user guide

(http://vel ocity.apache.org/tool s/releases/1.4/struts).

9.14. Using FreeMarker in a Web Application

9.14.1. Problem
Y ou would like to use FreeMarker templates in aweb application.

9.14.2. Solution

FreeMarker ships with a Fr eemar ker Ser vl et , which can be configured to render your FreeMarker templates. To
configure this servlet, add the following ser vl et and ser vl et - mappi ng elementsto your web. xm file:

<servl et >
<ser vl et - nane>f r eemar ker </ ser vl et - nane>
<servl et - cl ass>f reemar ker. ext . servl et . Fr eenmar ker Ser vl et </ servl et - cl ass>
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<i ni t-paranme
<par am nane>Tenpl at ePat h</ par am name>
<par am val ue>/ </ par am val ue>
</init-paran>
<init-paranp
<par am nane>NoCache</ par am nane>
<par am val ue>t r ue</ par am val ue>
</init-paranp
<init-paramn
<par am name>Cont ent Type</ par am nane>
<par am val ue>t ext/ ht m </ par am val ue>
</init-paranr
<| oad- on- st art up>1</1| oad- on- st art up>
</servl et>
<servl et - mappi ng>
<servl et - name>f r eemar ker </ ser vl et - name>
<url-pattern>*.ftl</url-pattern>
</ servl et - mappi ng>

9.14.3. Discussion

I your application contains custom JSP tag libraries, these tag libraries can be used from a FreeMarker template. To see
how a JSP tag library can be used in FreeMarker, take alook at the following JSP page, which references an app tag
library withaTLD filein/WeB- | NF/ app-taglib. tld:

<%page | anguage="j ava" %

<%@aglib uri="/WVEB-INF/ app-taglib.tld" prefix="app"%
<p>

This is an HTM. page with a taglib in it.

</ p>

<app: printStuff var="test" node="fast"/>

The app tag library hasapri nt St uf f tag, which takes the parametersvar and node. The sametag can be used in a
FreeMarker template by assigning areference to JspTagl i bs[ "/ WEB- | NF/ app-taglib. t1d"] inan <#assi gn> directive.
The tag can then be used with acall to <@pp. print Stuff/>:

<#assi gn app=JspTagli bs["/WEB-| NF/ app-taglib.tld"]>
<p>

This is an HTM. page with a taglib in it.

</ p>

<@pp.printStuff var="test" node="fast"/>

That couldn't be much simpler.

9.14.4. See Also

Thisisavaluable piece of functionality if you are using aframework like Struts, which depends on JSP tag libraries. For
more details about using FreeMarker with Struts, see "Using FreeMarker with Servlets'
(http://fmpp.sourceforge.net/freemarker/pgui_misc_serviet.html).
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Chapter 10. I/O and Networking

10.1. Introduction

If you've ever had to copy aFi | e or copy the contents of an | nput St r eamto an Qut put St r eam you've probably wondered
why Java goes out of its way to make things difficult. Javal/O is not aterribly complex subject, but it does have a knack
for turning simpler tasks into complex nests of heavily wrapped Reader s and streams. Commons 1O fills afew gapsin
Javas /0 and networking capabilities by providing utilities and methods to copy streams, copy files, touch files,
recursively delete directories, and safely close Reader s and streams. If you are working with Reader , Wi ter,

I nput St ream OF Qut put St r eam you should take alook at 1 outi | s and CopyUt i | s; they may save you afew lines of
tedious code.

Commons 10 aso provides aset of simpleFi | enaneFi | t er implementations, which can be used to selectively list files or
directories. In addition to Commons IO's Fi | enaneFi | t er implementations, Jakarta ORO's G obFi | enaneFi | t er and

Per | 5Fi | enaneFi | t er are presented to introduce you to more complex filters involving expressions. ORO is a subproject
of Jakarta that provides support for Perl 5 regular expressions and glob expressions. A glob expression is commonly used
when listing filesin adirectory; for example, the expression, *. xni , is aglob expression that matches every file that ends
in. xm . While Java 1.4 provides support for regular expressions, there are subtle differences between the regular
expression syntax supported by Java 1.4 and the regular expression syntax supported in Perl 5. Y ou can learn more about
the differences between Perl5 regular expressions supported by ORO and regular expressions supported by Java 1.4 by
reading the ORO project page at http:/jakarta.apache.org/oro. Take alook at Jakarta ORO if your application needs to
work with globs and complex regular expressions.

Commons Net contains simple clients for common protocols, such as FTP, POP3, and SMTP. Using Commons Net, you
can retrieve or transfer filesto an FTP server with a very small amount of code. Sun provides a very capable set of classes
to send and retrieve mail using POP and SMTP, but thej avax. mai I API brings a certain amount of complexity and
overhead that might not make sense for an application sending a simple email message. Commons Net provides a
lightweight SMTP client, which can be used to send a simple email message in afew lines of code without introducing the
complexity of j avax. mai | . Commons Net also contains a very straightforward POP3 client, which can be used to check a
POP mailbox for incoming messages. In addition to FTP, POP, and SMTP, Commons Net contains simple clients for
Trivial File Transfer Protocol (TFTP), Telnet, Finger, and NNTP.

10.1. Obtaining Commons 1O

10.1.1. Problem

Y ou need to use Commons | O.

10.1.2. Solution
To use Commons |10 in aMaven 2 project, add the following dependency to your project's pom xm :

Example 10.1. Adding a Dependency on Commons |10

<dependency>
<gr oupl d>commons- i o</ gr oupl d>
<artifactld>commons-io</artifactld>
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<ver si on>1. 4</ ver si on>
</ dependency>

If you are not sure what this means, 1'd suggest reading Maven: The Definitive Guide. When you depend on alibrary in
Maven 2, all you need to do is add the dependency gr oupl d, arti fact I d, and ver si on t0 your project's dependencies.
Once you do this, Maven 2 will download the dependency and make it available on your project's classpath.

10.1.3. Discussion

Commons 10 contains afew utilities for simplifying a number of common 1/O tasks. CopyUtils and 1 Ouil s inthe

or g. apache. commons. i o package provide a suite of static utility methods for working with streams and readers.

or g. apache. conmons. i o. Fi | eUti | s provides static utility methods to help with common Fi | e operations, such as
touching afile, recursive deletion of directories, and reading files. The or g. apache. commons.io. filefilter package
contains implementations of Fi | enaneFi | t er, such as suf fi xFi | eFi | t er, which accepts files with a specified name
suffix.

10.1.4. See Also

For more information about the Commons | O project, see the project page at http://commons.apache.org/io.

10.2. Copying Streams, byte[ |, Readers, and Writers

10.2.1. Problem

Y ou heed to copy astream, byt e[ ], Reader, Or Wi t er . For example, you need to copy the content from an | nput St r eam
or Reader toaWwi ter, Or you need to copy a st ri ng to an Qut put St r eam

10.2.2. Solution

Use copyUti I s from Commons 1O to copy the contents of an I nput St r eam Reader , byte[], OF Stri ng to an

Qut put St reamor aw i t er . The following code demonstrates the use of CopyUti | s to copy between an | nput St reamand
awiter:

i mport org. apache. conmons. i 0. CopyUtils;
try {
Witer witer = new FileWiter( "test.dat" );
I nput St ream i nput St r eam =
get C ass( ).get ResourceAsStream("./test.resource");
CopyUils.copy( inputStream witer );
writer.close( );
i nput Stream cl ose( );
} catch (1 CException e) {
Systemout.println( "Error copying data" );

}

The previous examplereadst est . r esour ce USiNg an | nput St r eam Which is copied to aFi | ewi ter using
CopyUtils. copy( ).
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10.2.3. Discussion
If you need to copy information from aReader Or | nput Streamtoastring, Usel Outils.toString( ). Thefollowing
example opens an | nput St r eamfrom a URL and copies the contentsto astri ng:

i mport org.apache. commons.io.lQUtils;
URL url = new URL( "http://ww:. sl ashdot.org" );
try {
| nput Stream i nStream = url . openStrean( );
String contents = |QUtils.toString( inStream);
Systemout.println( "Slashdot: " + contents );
} catch ( | Oexception ioe ) {
/1 handl e this exception
}

Because copyUti | s usesa4 KB buffer to copy between the source and the destination, you do not need to supply buffered
streams or readers to the copy( ) method. When using CopyUtil's. copy( ), makesuretoflush( ) andcl ose( ) any
streams, Readers, OF Wi ters passed to copy( ).

10.3. Closing Streams, Readers, and Writers

10.3.1. Problem
Y ou need to close an | nput St r eam Qut put St r eam Reader , OF Wi t er, and you want to avoid catching an | Oexcepti on in
afinal |y block.

10.3.2. Solution

Usel Outils. cl oseQuietly() toclosean ! nput Stream Qut put St ream Reader, Or Wi t er without having to test for nul |
or deal with an | cExcept i on. The following code demonstrates the use of cl oseQui et y( ) to avoid anasty try/cat ch

withinafinal | y block:

i mport org.apache. commons.io. |l OU%ils
i mport org.apache. conmons. i 0. CopyUtils
Reader reader = null;
String result
try {

File file = new File( "test.dat" );

reader = new Fil eReader( file );

result = CopyUils.toString( reader );
} catch( | CException ioe ) {

Systemout.println( "Unable to copy file test.dat to a String." );

} finally {
IOUtils.closeQietly( reader );
}

10.3.3. Discussion

It isalways agood ideato close streams, readers, and writersinfi nal | y blocks because you can guarantee that a system
will release I/O resources even if an exception isthrown. A call tocl ose( ) releases resources associated with the stream,
but because cl ose( ) canthrow an| Cexcepti on , you heed to either surround your call to cl ose( ) withatry/catch
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block, or declare that your method throws an | CExcept i on. This problem is best illustrated by the following code, which
closesaReader and Wit er without thehelp of 1 outi | s:

Reader reader
Witer witer
String result
try {

File file ew File("test.dat");

reader = new Fil eReader( file );

witer = new StringWiter( );

CopyUtils.copy( reader, witer );

result = witer.toString( );
} catch( | OException ioe ) {

Systemout.println( "A serious problem has happened" );
} finally {

try {
if( reader !'= null ) {

reader. cl ose( );

nul | ;
nul | ;

}
} catch( | CException ioe ) {

Systemout.println( "There has been a problem cl osing the reader." );
}

try {
if( witer '=null ) {
writer.close( );

}
} catch( | OException ioe ) {

Systemout.println( "There has been a problemclosing the witer." );
}

}

The code withintheti nal I y block isastediousto read asit isto write. To avoid aNul | Poi nt er Except i on , both the
Reader and Wi t er need to be compared with nul I , and both Reader and Wi t er need separatet ry/cat ch blocks to avoid
asituation whereaw i t er remains open because of a problem closing the Reader . Another variation on thisthemeisto
surround the entire example with asinglet ry/cat ch for | CExcept i on:

try {
Reader reader = null;
Witer witer =

nul | ;
String result
try {
File file = new File("test.dat");
reader = new Fil eReader( file );
witer = new StringWiter( );
CopyUtils.copy( reader, witer );
result = witer.toString( );
} finally {
if( reader = null ) {
reader. cl ose( );
}

if( witer I'=null ) {
writer.close( );

}

}
} catch( | OException ioe ) {

Systemout.println( "There was an |/ O exception." );
}
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While this looks manageable, thet ry/cat ch for | OExcept i on has been expanded to cover the entire example, just to avoid
catching an exception in afinal I y block. In the previous sample, when an | OExcept i on was thrown, the exception was
handled within afew lines of its origin, making it easier to provide meaningful context in an exception message.
Expanding the scope of at ry/cat ch block and introducing anested t ry/cat ch/f i nal | y isan overly complex solution for
what should be arelatively straightforward task—closing aReader and aw i t er . There is a more subtle problem with this
second approach, aswell; if an | CExcepti on isthrown by reader. cl ose( ) inthefinal Iy block, writer.close( ) may
never be executed—a possible resource leak.

IOUtils.closeQuietly( ) alowsyoutoignorethisdilemmaentirely if you accept the assumption that a problem
closing a stream can be safely ignored. If there is a problem closing an | nput St r eam Qut put St r eam Reader , OF Wi ter, it
isunlikely that you will be able to take any corrective actioninafinal Iy block. 1 Outils. cl oseQui etly() takesa
referenceto an | nput St r eam Qut put St r eam Reader , Of Wi t er, testsfor nul |, and swallows any | OExcept i on that may
be thrown in the process of closing a stream or reader.

10.3.4. See Also
This recipe used Copy Ut i | s, which was demonstrated in Recipe 10.2.

10.4. Printing a Human-Readable File Size

10.4.1. Problem

Y ou need to display the size of afile in kilobytes, megabytes, or gigabytes. Instead of displaying file sizes as
1,073,741,824 bytes, you want an approximate, human-readable size, such as 1 GB.

10.4.2. Solution

UseFileltils. byt eCount ToDi spl aySi ze() to produce a st ri ng containing an approximate, human-readable size. The
following code passes the number of bytesin the file proj ect . xm tOFil eltils. byt eCount ToDi spl aySi ze( ):

i nport org.apache. commons.io.FileUils;
try {
File file = new File("project.xm");
Il ong bytes = file.length( );
String display = FileUtils. byteCount ToD spl aySi ze( bytes );
Systemout.println("File: project.xm");
Systemout.println(" bytes: " + bytes );
Systemout.println(" size: " + display );
} catch( | CException ioe ) {
Systemout.println( "Error reading file length." );
}

This code prints out the number of bytesin the proj ect . xm file, and the human-readable size "2 KB":

File: project.xn
bytes: 2132
size: 2 KB

10.4.3. Discussion
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FileUtils containsthree static variables—Fi | eUtils. ONE_KB, Fil eltils. ONE_MB, and Fi l elti | s. ONE_GB—Wwhich
represent the number of bytes in akilobyte, megabyte, and gigabyte. Fi | eUti | s. byt eCount ToDi spl aySi ze( ) dividesthe
number of bytes by each constant until it finds a constant that can divide the number of bytes, discarding the remainder to
create a human-readable value. For example, the value 2,123,022 isdivided by Fi | eUti | s. ONE_GB, which returns avalue
of lessthan 1.0. Thevaueisthen divided by Fi | euti | s. ONE_MB, which returns 2—the value used in the human-readable

size"2MB."

Warning
FileUtils. byteCount ToDi spl aySi ze( ) will not round the size of afile; a2.9 MB file will have adisplay
size of 2 MB. The byte count is divided by ONE_KB, ONE_MB, Or ONE_GB, and the remainder is discarded.

10.5. Copying Files, Strings, and URLs

10.5.1. Problem
Y ou need to copy afileto another file, or you need to copy afile to adirectory.

10.5.2. Solution
UseFileUtils.copyFile() andFileUtils.copyFileToDirectory() . Thefollowing code copiesthefilet est. dat to
t est. dat. bak:

i mport org.apache. conmons.io.FilelUtils;
try {
File src = new File( "test.dat" );
file dest = new File( "test.dat.bak" );

FileUtils.copyFile( src, dest ) {
} catch( | CException ioe ) {
System out. println( "Problemcopying file." );

}

Youmay also useFileUtils. copyFil eToDirectory( ) tocopy afileto adirectory. The following code copiesthefile
test. dat tothedirectory ./t enp:

try {
File src = new File( "test.dat" );
File dir = new File( "./tem" );

FileUtils.copyFileToDirectory( src, dir );
} catch( 1 CException ioe ) {
Systemout.println( "Problemcopying file to dir.");

}

10.5.3. Discussion

Quite often you need to write the contents of astri ng to afile. FileUtils. witeStringToFile( ) providesaquick way
to write textual content stored ina st ri ng to aFi | e, without opening aw i t er . The following code writes the contents of

thedata Stringtothefiletenp. tnp:
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try {
String string = "Bl ah bl ah bl ah";

File dest = new File( "test.tnmp" );

FileUtils.witeStringToFile( dest, string, ? );
}

Another common task is storing the contentsof aURL inaFile. FileUtils. copyURLToFi | e( ) takesaURL object and
stores the contentsin afile. The following code stores the contents of the New York Times front page in afileti mes. htni :

try {
URL src = new URL( "http://ww.nytines.cont );

File dest = new File( "tines.htm" );
FileUtils.copyURLToFile( src, dest );
} catch( | CException ioe ) {
Systemout.println( "Error copying contents of a URL to a File." );

}

10.6. Deleting Directories Recursively

10.6.1. Problem

Y ou heed to delete a directory and everything it contains. Y ou need a recursive delete—the equivalent of aUnixrm -r.

10.6.2. Solution

UseFileltils. del eteDirectory() toremoveadirectory and everything below it. The following example deletes the
t enp directory:

i mport org.apache. conmons.io.FileUtils;

try {
File dir = new File( "temp" );
FileUtils.deleteDirectory( dir );

} catch( |1 CException ioe ) {
Systemout.println( "Error deleting directory." );

}

This code will delete every file and directory in thet enp directory and, once the directory is empty, del et eDi rect ory( )
will remove thet enp directory itself.

10.6.3. Discussion
You can aso "clean”" adirectory with thecl eanbi rect or y() method. When cleaning a directory, the contents of the
directory are erased, but the directory itself is not deleted. The following example cleans thet enp directory, emptying it of

al files and subdirectories;

i mport org.apache. conmons.io.FileUtils;

try {
File dir = new File( "temp" );
FileUtils.cleanDirectory( dir );

} catch( |1 CException ioe ) {
Systemout.println( "Problemcleaning a directory" );
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10.7. Obtaining the Size of a Directory

10.7.1. Problem
Y ou need to know the size of everything contained within a directory.

10.7.2. Solution

UsethesizeODirectory( ) methodonFileltils. Thefollowing example returns the size of thet enp directory:

File dir = new File( "temp" );
long dirSize = FileUils.sizeODirectory( );

If t enp contains anumber files, Fil eltils. si zeO Directory( ) will return the sum of the size of every fileint enp. If
t enp contains subdirectories, this method will recursively call si ze Di rect ory( ) on each subdirectory to obtain the
size of each subdirectory, and it will return the sum of these sizes.

10.8. Touching a File

10.8.1. Problem

Y ou need to perform the equivalent of the Unix t ouch command; you want to create afile or update a file's modified
timestamp.

10.8.2. Solution

Usethetouch() method fromFileltils. TOusetouch( ), passitarile object; if theFi | e does not exist, t ouch( )
will create anew file. If the file exists, the timestamp of the file will be updated to the current time. The following code
demonstratesthet ouch( ) method onthefiletestFile. txt:

i mport org.apache. conmons.io. FileUtils;
try {
File testFile = new File( "testFile.txt" );
[/ If testFile didn't already exists, create it
/1l 1If testFile already exists, update the nodified tinmestanp
FileUtils.touch( testFile );
} catch( |1 CException ioe ) {
Systemout.println( "Error touching testFile" );

}

If testFile.txt doesnot exist, the file will be created by the call tot ouch( ). If testFile.txt doesexist, thelast
modified timestamp will be updated to the current time after the call tot ouch( ).

10.9. Filtering Files
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10.9.1. Problem

Y ou need to select all thefilesin adirectory endingin. xm , or you need to select only files (not subdirectories) contained
in adirectory. In other words, you need to filter alist of files.

10.9.2. Solution

Use one of the many implementations of | OFi | eFi | t er intheorg. apache. conmons.io. filefilter package This
package contains various implementations of Fi | eFi | ter and Fi | enaneFi | t er, which can be used to filter the contents of
adirectory. The following example uses suf fi xFi | eFi | t er to return an array of filenamesthat endin . xm :

i mport java.io.FilenaneFilter;

i nport org.apache. conmons.io.filefilter.SuffixFileFilter;
i mport org.apache. conmons. | ang. ArrayUtil s;

File rootDir = new File(".");

FilenameFilter fileFilter = new SuffixFileFilter(".xm");
String[] xmMFiles = rootDir.list( fileFilter );
Systemout.println( "*** XM. Files" );
Systemout.println( ArrayUtils.toString( xmFiles ) );

This code searches for al filesending in. xn in the current directory. Running thisin the root of the example project
matches onefile, proj ect . xm , producing the following output:

*** XML Fil es
{project.xm}

10.9.3. Discussion

Theor g. apache. commons. i o. fil efilter package containsanumber of implementations of Fi | enaneFi | ter and
FileFilter.PrefixFileFilter and SuffixFil eFilter letyou match files and directories by a prefix or suffix.

NaneFi | eFi | t er matches afile or adirectory to a specific name. bDi rect or yFi | eFi | t er accepts only directories.

AndFil eFilter,OrFileFilter,andNotFileFilter alow for thelogica combination of filters. The following example
uses a combination of thefilefiltersin this packageto list. ht mor . ht ni filesin adirectory:

i mport org.apache.conmons.io.filefilter. AndFileFilter;
i mport org. apache. commons.io.filefilter.DirectoryFileFilter;
i mport org.apache.commons.io.filefilter.lOFileFilter;
i mport org.apache.commons.io.filefilter.NotFileFilter;
i nport org.apache.commons.io.filefilter.OFileFilter;
i mport org.apache.conmons.io.filefilter.SuffixFileFilter;
i nport org.apache. conmons. | ang. ArrayUtil s;
IOFileFilter htmFilter =
new O FileFilter( new SuffixFileFilter("htn),
new SuffixFileFilter("htm™") );
IOFileFilter notDirectory = new NotFileFilter( DirectoryFileFilter.|NSTANCE );
FilenameFilter fileFilter new AndFileFilter( htm Filter, notDirectory );
String[] htmFiles = rootDir.list(fileFilter);
Systemout.println( "*** HIM. Files" );
Systemout.println( ArrayUtils.toString( htmFiles ) );

This example combinestwo Suf fi xFi | eFi | ter instancesinan o Fil eFi | ter to match . ht mor . htnl files. Wrapping a
DirectoryFil eFilter withaNot Fil eFil ter createsafilter that will accept files and reject directories. Combining these
two filtersin an AndFi | eFi | t er creates afilter to list files with either suffix. Every filter defined in the
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org. apache. commons. i o.filefilter packageisanimplementation of thei CFi | eFi | t er, which implements both the
java.io.FileFilter andjava.io. Fil enameFi | ter interfaces.

10.10. Measuring Stream Traffic

10.10.1. Problem

Y ou heed to keep track of the number of bytesread from an | nput St r eamor written to an cut put St ream

10.10.2. Solution

Use a Count i ngl nput St r eamOr Count i ngQut put St r eamto keep track of the number of bytes written to astream. The

following example uses a Count i ngQut put St r eamto keep track of the number of bytes written to aFi | eQut put St r eam:

i mport org.apache. commons.io. |l OUils;
i mport org.apache. conmons. i 0. out put. Count i ngQut put St r eam
i nport java.io.*;
File test = new File( "test.dat" );
Count i ngQut put St r eam count Stream = nul | ;
try {
Fi | eQut put Stream fos = new Fi | eQut put Strean{ test );
count Stream = new Counti ngQut put Streanm( fos );
count Streamwite( "Hello".getBytes( ) );
} catch( | CException ioe ) {
Systemout.println( "Error witing bytes to file." );

} finally {
IOUtils.closeQuietly( countStream);
}

if( countStream!= null ) {
int bytesWitten = count Stream get Count ( );
Systemout.println( "Wote " + bytesWitten + " bytes to test.dat” );

This previous example wrapped aFi | eCut put St r eamwith a Count i ngQut put St r eam producing the following console
output:

Wote 5 bytes to test. dat

10.10.3. Discussion
Count i ngl nput St reamWraps an | nput St reamand get Count ( ) providesarunning tally of total bytesread. The
following example demonstrates Count i ngl nput St r eant

i nport org.apache. commons.io.|lQUtils;
i mport org.apache. conmons. i 0. out put. Count i ngQut put St r eam
i nport java.io.*;
File test = new File( "test.dat" );
Count i ngl nput St ream count Stream = nul | ;
try {
FilelnputStreamfis = new FilelnputStrean{ test );
count Stream = new Counti ngQut put Strean( fis );
String contents = |QUtils.toString( countStream);
} catch( 1 CException ioe ) {

231



I/0O and Networking

Systemout.println( "Error reading bytes fromfile." );

} finally {
IOUtils.closeQuietly( countStream);

}
if( countStream!= null ) {

i nt bytesRead = count Stream get Count ( );

Systemout.printin( "Read " + bytesRead + " bytes fromtest.dat" );
}

10.11. Splitting an OutputStream

10.11.1. Problem
Y ou need to send the same output to two Qut put St r eans.

10.11.2. Solution

Use Commons IO TeeQut put St r eamto send the same data to two instances of cut put St ream When datais written to a
TeeQut put St r eam, that datais sent to the two instances of cut put St r eampassed to its constructor. The following
example demonstrates the use of Teeut put St r eamto write the same St ri ng to two instances of Fi | eQut put St r eam:

i mport org.apache. commons.io. |l OUils;

i mport org.apache. commons. i 0. out put . TeeQut put St r eam
File testl = new File("splitl.txt");

File test2 = new File("split2.txt");

Qut put St ream out Stream = nul | ;

try {
Fil eQut put Stream fosl = new Fil eQutput Strean{ testl );

Fi | eQut put Stream fos2 = new Fi |l eQut put Strean{ test2 );
out Stream = new TeeCQut put Strean( fosl, fos2 );

outStreamwite( "One Two Three, Test".getBytes( ) );
out Stream fl ush( );
} catch( | Oexception ioe ) {
Systemout.println( "Error witing to split output stream );

} finally {
IOUtils.closeQuietly( outStream);
}

Flushing or closing a Teeut put St r eamwill flush or close both of the cut put St r eaminstances it contains. After this
example is executed, two files, split1. txt andsplit 2.t xt, will contain the same text.

10.12. Obtaining Jakarta ORO

10.12.1. Problem
Y ou need to use Jakarta ORO to finds files by a glob or regular expression.
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10.12.2. Solution
To use Jakarta ORO in a Maven 2 project, add the following dependency to your project's pom xn :

Example 10.2. Adding a Dependency on Commons ORO

<dependency>
<gr oupl d>or o</ gr oupl d>
<artifactld>oro</artifactld>
<versi on>2. 0. 8</ ver si on>

</ dependency>

If you are not sure what this means, 1'd suggest reading Maven: The Definitive Guide. When you depend on alibrary in
Maven 2, all you need to do is add the dependency gr oupl d, arti f act | d, and ver si on t0 your project's dependencies.
Once you do this, Maven 2 will download the dependency and make it available on your project's classpath.

10.12.3. Discussion

Jakarta ORO provides support for Perl regular expressions, AWK expressions, and glob expressions. Before Java 1.4
introduced thej ava. uti | . regex package and regular expression support in the st ri ng class, Jakarta ORO and Jakarta
RegExp gave devel opers away to use regular expressions in Java. Now that Java supports regular expressions, ORO still
remains relevant for developers who need specific support for Perl5 extended regular expressions.

10.12.4. See Also

For more information about ORO, see the Jakarta ORO project at http://jakarta.apache.org/oro. For more information
about the regular expression syntax supported by Jakarta ORO, see the package summary for the

or g. apache. oro. test . regex package at

http://j akarta.apache.org/oro/api/org/apache/oro/text/regex/package-summary.html.

10.13. Using Globs and Perl5 Regular Expressions to List Files

10.13.1. Problem
Y ou need to get alist of files that match either aglob or regular expression.

10.13.2. Solution

Use Per | 5Fi | enameFi | ter OF @ obFi | enaneFi | t er from Jakarta ORO to select al files matching an expression. Both of
these classesimplement theFi | eFi | ter and Fi | enaneFi | t er interface, and both can be passedtothelistFiles( )
method on aFi | e object. The following example uses d obFi | enaneFi | ter tolist XML filesinthe. / dat abi r directory:

i mport org.apache.oro.io.d obFil enaneFilter;

File dataDir = new File("./dataDir");

FilenameFilter xm Filter = new A obFilenaneFilter( "*.xm" );
File[] xmMFiles = dataDir.listFiles( xmFilter );

To find all files matching a Perl regular expression, use the Per | 5Fi | enaneFi | t er . The following example returns files
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starting with "dev" and ending with ".tld" by passing aregular expression to the constructor of Per | 5Fi | enaneFi | ter:

File dataDir = new File("./dataDir");
Fi | enameFi |l ter regexFilter = new Perl5FilenanmeFilter( "~dev.*.tld$" );
File[] tlIdFiles = dataDir.listFiles( regexFilter );

10.14. Obtaining Commons Net

10.14.1. Problem
Y ou need to use Commons Net to write asimple FTP, SMTP, or POP3 client.

10.14.2. Solution
To use Commons Net in a Maven 2 project, add the following dependency to your project's pom xm :

Example 10.3. Adding a Dependency on Commons Net

<dependency>
<gr oupl d>commons- net </ gr oupl d>
<artifactld>commons-net</artifactld>
<ver si on>2. 0</ ver si on>

</ dependency>

If you are not sure what this means, 1'd suggest reading Maven: The Definitive Guide. When you depend on alibrary in
Maven 2, all you need to do is add the dependency gr oupl d, arti f act I d, and ver si on t0 your project's dependencies.
Once you do this, Maven 2 will download the dependency and make it available on your project's classpath.

10.14.3. Discussion

Commons Net contains some simple clients for commonly used network protocols, such as FTP, TFTP, Telnet, NNTP,
POP3, and SMTP. Protocols are supported by collections of classesin packages dedicated to these protocols. For
example, FTP is supported by a set of classesin the or g. apache. comons. net . f t p package, including FTPd i ent and
FTPFi | e; and SMTP is supported by classesin the or g. apache. cormons. net . st p package, including sSMrPd i ent .

10.14.4. See Also

For more information about Commons Net, see the Commons Net project page at http://commons.apache.org/net.

10.15. Writing an FTP Client

10.15.1. Problem

Y ou heed to write a program to interact with an FTP server.
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10.15.2. Solution
Use Commons Net FTPd i ent to communicate with an FTP server. The following example retrieves the contents of the
filece4bus. gi f fromftp.ibibilio.org:

i mport org.apache. commons.io.lQUtils;
i mport org.apache. commons. net.ftp. FTPO i ent;
FTPClient client = new FTPClient( );
Qut put St ream out St ream = nul |
try {
/'l Connect to the FTP server as anonynous
client.connect( "ftp.ibiblio.org" );

client.login( "anonynmous", "" );
String renoteFile = "/pub/m cro/ conmbdor e/ schemat i cs/ conput er s/ c64/
c64bus. gi f";

/1 Wite the contents of the renote file to a Fil eCut putStream
out Stream = new Fi | eQut put Streanm( "c64bus.gif" );
client.retrieveFile( renoteFile, outStream);

} catch(l OException ioe) {
Systemout.println( "Error comruni cating with FTP server." );

} finally {
IOU%tils.closeQietly( outStream);

try {
client.disconnect( );
} catch (1 CException e) {
System out. println( "Probl em di sconnecting from FTP server" );

}

In the previous example, an instance of FTPC i ent is created; the example then logsontoft p. i bi bio. org as
anonynous-With no password—using the connect ( ) and1 ogi n() method on FTPd i ent . The full path to the remote file
c64bus. gi f and an Qut put St reamare passedtoretri eveFi | e() , which then transfers the contents of the c64bus. gi f to
alocal file. Once the file has been retrieved, the FTPd i ent is disconnected from the server using the di sconnect ( )
method inafi nal | y block.

10.15.3. Discussion

FTPd i ent can also be used to list the contents of adirectory by passing a directory totheli st Fil es( ) method. The
following example uses FTPd i ent to print the name and size of every filein the

/ pub/ m rrors/apache/jakartal/ ecs/ binaries directory onftp.ibiblio.org:

i mport org.apache. commons. net.ftp. FTPO i ent;
i nport org.apache. conmons. net. ftp. FTPFi | e;
FTPClient client = new FTPClient( );
// Connect to the FTP server as anonynous
client.connect( "ftp.ibiblio.org" );
client.login( "anonynmous", "" );
String renoteDir = "/pub/mrrors/apache/jakartal/ecs/binaries”
/1 List the contents of the renote directory
FTPFil e[] renoteFiles = client.listFiles( remoteDir );
Systemout.printin( "Files in " + renoteDir );
for (int i =0; i <remoteFiles.length; i++) {
String nane = renmoteFiles[i].getName( );
long length = renpteFiles[i].getSize( );
String readabl eLength = FileUils. byteCount ToDi spl aySi ze( | ength );
Systemout.println( nane + ":\t\t" + readabl eLength );
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client.disconnect( );

After connectingtoft p. i bi bl i o. or g, thisexample retrieves an array of FTPFi | e objectsusingclient.listFiles( ).
Each FTPFi | e object contains information describing the remote file, and the name and size of each FTPFi | e is printed to
the console as follows:

Files in /pub/mrrors/apache/jakartal/ecs/binaries
README. ht i : 1 KB

RELEASE_NOTES. t xt : 2 KB

ecs-1.4.2.tar.gz: 1 M8

ecs-1.4.2.tar.gz.asc: 65 bytes
ecs-1.4.2.tar.gz.nd5: 33 bytes

ecs-1.4.2. zip: 2 MB

ecs-1.4.2.zip.asc: 65 bytes

ecs-1.4.2. zip. nd5: 33 bytes

10.15.4. See Also

Commons Net also contains a Trivial File Transfer Protocol (TFTP) client: or g. apache. commons. net . t ft p. TFTPO i ent .
For more information about TFTP client, see the Javadoc for TFTPd i ent at
http://commons.apache.org/net/api docs/ org/apache/commons/net/tftp/ TET PClient.html.

FTPd i ent contains a number of additional features, such as active and passive connection modes and the ability to
append to remote files, make remote directories, and put files on aremote FTP server. For more information about
FTPC i ent, sSeethe FTPd i ent Javadoc at
http://commons.apache.org/net/apidocs/org/apache/commons/net/ftp/FTPClient.html.

10.16. Sending Mail with SMTP

10.16.1. Problem

Y ou need to send an email.

10.16.2. Solution

Use smrpd i ent from Commons Net. The following example sends a simple email to sonedude@ol . or g from
t obri en@i scursi ve. comviathe SMTP server on host www. di scur si ve. comusing port 25:

i mport org.apache. conmons. net. snt p. SMIPd i ent ;
SMIPClient client = new SMIPClient( );
client.connect ("ww. di scursive. cont');
client.sendSi npl eMessage("tobrien@li scursive. cont',
"somedude@ol . cont',
"Hey! Call ne when you get a chance." );

client.disconnect( );

This example sends a very simple email message to one recipient by passing three argumentsto

client.sendSi npl eMessage() : the sender's email address, the recipient's email address, and a message. If you are trying
to send a simple email message to multiple recipients, passastring[] containing each address as the second parameter to
sendsSi npl eMessage( ) . The following example sends a simple email message to multiple recipients by passing a
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String[] tOosendSi npl eMessage( )

i mport org.apache. conmons. net. snt p. SMIPd i ent ;
SMIPClient client = new SMIPClient( );
client.connect ("ww. di scursive. cont');
String[] recipients = new String[2];
reci pients[0] = "m ssion-control @asa. gov";
reci pients[1] = "announce@asa. gov";
client.sendSi npl eMessage( " astronaut @asa. gov",
recipients,
"The eagl e has | anded." );

client.disconnect( );

10.16.3. Discussion

Telnet to port 25 of a SMTP server, and you will see the server respond with a numeric code (220).

SMIPRepl y. i sPosi tiveConpl etion( ) returnst rue if the response code of the previously executed command is between
200 and 299; the value of theinitial response code, 220, is equal to the public static variable SMrPRepl y. SERVI CE_READY.
The following example uses get Repl yCode( ) and SMIPRepl y. i sPosi ti veConpl eti on() to test the connection to the
SMTP server:

i mport org. apache. conmons. net. snt p. SMIP;
i nport org.apache. conmons. net. snt p. SMIPCl i ent ;
i mport org. apache. conmons. net. snt p. SMIPRepl y;
SMIPClient client = new SMIPClient( );
client.connect ("ww. di scursive. cont');
int response = client.getRepl yCode( );
i f( SMIPReply.isPositiveConpletion( response ) ) {
/'l Set the sender and the recipients
client.setSender( "tobrien@li scursive.cont );
client.addReci pi ent ( "presi dent @hitehouse. gov" );
client.addReci pi ent( "vicepresident @hitehouse. gov" );
/1 Supply the nessage via a Witer
Witer nmessage = client.sendMessageData( );
message. wite( "Spend nore noney on energy research. Thanks." );
message. cl ose( );
/1l Send the message and print a confirmation
bool ean success = client. conpl et ePendi ngComand( );
i f( success ) {
Systemout.println( "Message sent" );

} else {
Systemout.println( "Error comuni cating with SMIP server" );
}

client.disconnect( );

Instead of sendSi npl eMessage( ), the previous example sets a sender address and two recipient addresses using

set Sender ( ) and addReci pi ent () . The message body is then writtento aw i t er returned by sendMessageDat a() .
When thew it er isclosed, the messageis sent by calling conpl et ePendi ngCommand() . conpl et ePendi ngConmand( )
returnst r ue if the message has been queued for delivery.

10.16.4. See Also

JavaMail isthe set of utilities contained in thej avax. mai I package, and JavaMail is usually used in conjunction with the
Java Activation Framework (JAF) to send email messages using SMTP. Commons Net does not aim to replace the
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JavaMail AP, but it does provide avery straightforward alternative for sending email messages. For more information
about JavaMail, see the JavaMail product page at http://java.sun.com/products/javamail. For more information about the
JavaMail API, see Chapter 10, "JavaMail Best Practices," in Java Enterprise Best Practices (O'Rellly).

10.17. Checking a POP3 Mailbox

10.17.1. Problem
Y ou need to check a POP3 mailbox.

10.17.2. Solution

Use Commons Net poP3d i ent to check a POP3 mailbox for incoming mail. The following example connectsto the
POP3 server ww. di scur si ve. com logsin ast obri en@li scur si ve. com and prints each message in the mailbox:

i mport org. apache. conmons. i 0. CopyUil s;

i mport org.apache. commons.io. |l OUils;

i mport org.apache. conmons. net. pop3. POP3d i ent ;

i mport org.apache. conmons. net. pop3. POP3Messagel nf o;
POP3C ient client = new POP3Client( );

client.connect ("ww. di scursive.com');
client.login("tobrien@li scursive.conl', "secretpassword");

POP3Messagel nfo[] messages = client.|istMssages( );

for (int i = 0; i < nmessages.length; i++) {
i nt messageNum = nessages[i] . numnber;
Systemout.println( "****x**x*kxx*x% Npssage nunber: " + nessageNum);

Reader reader = client.retrieveMessage( nessageNum);
Systemout.println( "Message:\n" + IQUtils.toString( reader ) );
|OULtils.closeQietly( reader );

}

client.logout( );
client.disconnect( );

Thisexamplecalsclient.listMssage() to get an array of POP3Messagel nf o objects. Each message is retrieved using
the message number contained in each POP3Messagel nf o. TO retrieve the contents of an individual message, the message
number ispassed tor et ri eveMessage() , which returns aReader from which the message body is read. The previous
example prints the contents of a POP3 mailbox, as shown below:

kkkkkkhkkkhkkkk*k Ivbssage nunber 1
Message:
Ret ur n- Pat h: <j er k@pamheaven. net >
X-Original -To: tobrien@li scursive.com
Del i vered- To: tobrien@li scursive.com
Recei ved: fromjerk-net.co.jp (unknown [219.71. 255. 123])
by pericles.synmbiont.net (Postfix) with SMIP id 6FA54543FE
for <tobrien@li scursive.conr; Tue, 22 Jun 2004 02:19:13 -0400 (EDT)
Recei ved: from 228. 4. 65.206 by sntp.cito.nl;
Tue, 22 Jun 2004 06:09: 26 +0000
Message- | D: <9b8001c4581f $2524e2e9$d8470c90@ er k- net . co. j p>
From " Spanmer" <jerk@panheaven. net>
To: tobrien@li scursive.com
Subj ect: Hey, | heard you need a nortgage
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Date: Tue, 22 Jun 2004 02: 09: 21 -0400
M ME-Version: 1.0
Cont ent - Type: text/plain;

charset ="i so- 8859- 1"
Cont ent - Tr ansf er - Encodi ng: 8bi t
Hel | o,
| heard that you nust be a sucker, so | thought | would send you sone
unsolicited email about a nmortgage. Only 3% and you can even wire
the nmoney directly to my friend fromNi geria. Did | nmention that if
you decide to take this nortgage |I'll send you the secret for making
mllions by sending usel ess spam
M. Jerk Spanmer
“I ruin email for everyone!"

10.17.3. Discussion

This example did not venture into the topic of parsing an email message body. As shown above, the message read with
retri eveMessage( ) isaraw message with SMTP headers containing the Subj ect , Message- | D, and other important
pieces of data associated with a message. The body of a message is separated from alist of headers by a single blank, and
if you are creating amail client for auser, you will need to write a parser that can extract a relevant header—such as

Subj ect and Fr om—from the raw email message.

10.17.4. See Also
Thisrecipeused 1 OUtils. toString( ) andiOuils. closeQuietly( ) tocopy and closeaReader for each email
message. These methods are described in detail in Recipe 10.2 and Recipe 10.3.

For agood overview of SMTP and POP3 from the perspective of a FreeBSD administrator, take alook at Dru Lavigne's
article "Understanding E-Mail" from OnLamp.com
(http://www.onlamp.com/pub/a/bsd/2000/08/30/FreeBSD_Basics.html).
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Chapter 11. HTTP and WebDAV

11.1. Introduction

The Hypertext Transfer Protocol (HTTP) is ubiquitous; this protocal is at the core of important technol ogies such as the
World Wide Web (WWW), the Simple Object Access Protocol (SOAP), XML databases, content management systems,
WebDAYV, and, most importantly, iTunes. Much of the world's business is accomplished over HTTP in some form or
another, and if this protocol were to suddenly vanish, a sizable portion of the world economy would vanish with it. Given
this ubiquity, it islikely that you've had occasion to write a Java program that needed to fetch aweb page or interact with
aservlet or CGI script. While the J2SE contains some rudimentary tools to communicate viaHT TP, the feature set of
URLConnect i on is somewhat limited. This chapter introduces Apache HttpClient, a set of utilities that simplifies the task
of retrieving and sending information over HTTP.

Apache HttpClient grew up in the Jakarta Commons, and until April 2004 it was a Commons project. It subsequently
graduated to afull Jakarta project, and as Jakarta was dismantled, it became an Apache top-level project. This chapter
refers to HitpClient as Apache HttpClient, but you should be aware that most of the documentation and support still refer
to the project as Commons HttpClient.

11.1. Obtaining HttpClient

11.1.1. Problem

Y ou need to use Apache HttpClient to write a program to interact with a server over HTTP.

11.1.2. Solution
To use Commons HitpClient 3.1 in a Maven 2 project, add the following dependency to your project's pom xm :

Example 11.1. Adding a Dependency on Commons HttpClient

<dependency>
<gr oupl d>commons- ht t pcl i ent </ gr oupl d>
<artifactld>commons-httpclient</artifactld>
<ver si on>3. 1</ ver si on>

</ dependency>

If you are not sure what this means, 1'd suggest reading Maven: The Definitive Guide. When you depend on alibrary in
Maven 2, all you need to do is add the dependency groupl d, arti fact | d, and ver si on to your project's dependencies.
Once you do this, Maven 2 will download the dependency and make it available on your project's classpath.

11.1.3. Discussion

Apache HttpClient isaclient library for the HTTP protocol. HttpClient is very feature-rich, supporting all HTTP methods
defined in RFC 2616 (Hypertext Transfer Protocol, HTTP/1.1). Apache HttpClient supports GET, POST, PUT,
OPTIONS, HEAD, and DELETE using the command pattern; Ht t pMet hod objects are instantiated and executed by an

Htt pd i ent Object that manages server interaction and state across multiple requests. HttpClient has support for various
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authentication mechanisms, including Basic, Digest, and NTLM authentication. HttpClient supports both HTTP and
HTTPS, and the library can manage the complexity involved in using both schemes with an HTTP proxy. HttpClient can
manage the state of a session, automatically keeping track of cookies across multiple requests.

11.1.4. See Also
For more information about the HttpClient 3.1 project, see the project page (http://hc.apache.org/httpclient-3.x/).

11.3. Performing an HTTP GET

11.3.1. Problem
Y ou need to retrieve information with the HTTP GET method.

11.3.2. Solution

Create an instance of H t pd i ent and use it to execute a Get Met hod object. Once the method has been executed, the
response body can be accessed asan | nput St ream byt e[ ], or Stri ng. The following example gets the contents of
http://www.discursive.com/jccook/ and retrieves the response body as a string:

i mport org.apache. commons. httpclient. Htpdient;
i mport org.apache. conmons. httpclient. Ht pExcepti on;
i mport org.apache. conmons. httpclient. Htt pMet hod;
i nport org.apache. conmons. htt pclient. nmet hods. Get Met hod;
Htpdient client = new HttpCient( )
String url = "http://ww.di scursive.conijccook/";
Ht t pMet hod et hod = new Get Met hod( url );

try {
cl i ent.execut eMet hod( nethod );

i f( method. get StatusCode( ) == HtpStatus. SC OK ) {
String response = net hod. get ResponseBodyAsString( );
Systemout. println( response );

}
} catch( HttpException he ) {

Systemout.println( "HTTP Problem " + he.getMessage( ) );
} catch( | CeException ioe ) {

Systemout.println( "1 O Exeception: " + ioe.getMessage( ) );
} finally {

nmet hod. r el easeConnecti on( );

met hod. recycl e( );

}

This code retrieves the content of http://www.discursive.com/jccook using the HTTP GET method. If the response codeis
Htt pSt at us. SC_OK Of 200, the response is printed to the console:

<htm >

<head>

<title>JCCook Exanple</title>
</ head>

<body>

<hi>Hel |l o Worl d! </ h1>

</ body>
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</htm >

11.3.3. Discussion

Note the exception handling involved in this example. Performing asimple HTTP GET called for two catch blocks:

Ht t pExcept i on and | OExcept i on. An Ht t pExcept i on isthrown if there is a problem relating to the HT TP protocol, and
an | Cexcept i on isthrown if there is a problem with the network. Examplesin this chapter omit the rigorous exception
handling from the previous example; you can assume that every call to execut e() is surrounded by the appropriate
try/cat ch block.

Get Met hod is an implementation of the Ht t pMet hod interface, which is executed by Ht t pd i ent . Thelifecycle of any

Ht t pMet hod implementation is straightforward; an Ht t pMet hod is created, executed by an instance of Htt pd i ent , and,
once the response has been examined, the connection is released and the method is recycled. When an H: t pvet hod object
isrecycled by acall torecycl e( ), itisasignal to the system that this specific Ht t pMet hod instance can be used again.
rel easeConnection( ) instructsHtt pd i ent to release the connection that is associated with an Ht t pvet hod instance. No
matter what happens during the execution of a method, ther el easeConnecti on( ) must be called to free network
resources.

Once amethod has been executed, you can get the response status code from net hod. get St at usCode( ) . This method
returnsani nt , which will correspond to one of thepubl i c static final variableson Htt pSt at us. Some of the more
common status codes on Ht t pSt at us are SC_X (200), SC_NOT_FOUND (404), SC_| NTERNAL_SERVER ERRCR (500),
SC_MOVED_TEMPCRARI LY (302), and SC_UNAUTHORI ZED (401). For afull list of HTTP status codes, see the Javadoc for

Ht t pSt at us. When a server sends back abad HTTP status, it is sometimes accompanied by a short message. This
message can be read by calling net hod. get St at usText ( ).

11.3.4. See Also

For aformal definition of the HTTP GET method, see Section 9.3 of RFC 2616 at
http://www.zvon.oro/tmRFC/RFC2616/Output/index.html.

For afull list of HTTP status codes, see the Ht t pSt at us Javadoc at http://hc.apache.org/httpclient-3.x/apidocs/index.html.

11.4. Sending Parameters in a Query String

11.4.1. Problem
Y ou heed to send query parametersin a URL.

11.4.2. Solution

Set the query string using the set Quer yStri ng( ) method on an instance of Ht t pMet hod. Use URI Uti | to encode any text
included in a URL. The following example puts two parameters on the query string:

i mport org.apache. conmons. httpclient.Htpdient;
i nport org.apache. conmons. httpclient. Htt pExcepti on;
i mport org.apache. conmons. httpclient. Htt pMet hod;
i nport org. apache. conmons. htt pcli ent. NaneVal uePair;
i mport org.apache. conmons. httpclient. nmet hods. Get Met hod;
i mport org.apache. commons. httpclient.util.UR Uil ;
Htpdient client = new HtpCient( );
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String url = "http://ww. di scursive. conl cgi-bin/jccook/paramlist.cgi";
Ht t pMet hod et hod = new Get Met hod( url );

[/l Set the Query String with setQueryString( )

met hod. set QueryString(URI Util.encodeQuery("test1=0 Reil |l y&bl ah=Whoop")) ;
Systemout.printin( "Wth Query String: " + nmethod.getURI( ) );
client.execut eMet hod( nethod );

Systemout.println( "Response:\n " + nethod. get ResponseBodyAsString( ) );
nmet hod. r el easeConnecti on( );

Theparam |ist.cgi CGI script echoes all parameters received, and from the following output, you can see how URI Ut i |
encodes the first parameter:

Wth Query String: http://ww. di scursive. com cgi-bin/jccook/param|ist.
cgi ?t est 1=C%20Rei | | y&bl ah=Whoop
Response:
These are the paraneters | received:
test 1:
OReilly
bl ah:
Whoop

Tip

The question mark is understood, and you do not need to supply aleading question mark to the

set QueryString( ) method of Ht t pMet hod, asit will be automatically added when the method is executed by
aninstance of H tpd i ent .

11.4.3. Discussion

In the previous example, net hod. set QueryStri ng() isused to set the entire query string at once, but there is another
aternative: setting the query string with an array of Naneval uePai r objects. When aNaneVval uePai r[] is passed to

met hod. set QueryString( ), theHtt pMet hod then takes each pair and creates a series of parameters delimited by an
ampersand. The approach encourages cleaner code because you are not concatenating strings to pass multiple parameters.
The following example sets the same parameters used in the previous example, using NaneVal uePai r objects:

/1l Set query string with name val ue pair objects
Ht t pMet hod net hod = new Get Met hod( url );
NanmeVal uePair pair =
new NaneVal uePair( "test1", URI Uil.encodeQuery( "O Reilly" ) );
NanmeVal uePair pair2 =
new NanmeVal uePair( "blah", URIUtil.encodeQuery( "Woop" ) );
NameVal uePair[] pairs = new NaneVal uePair[] { pair, pair2 };
met hod. set QueryString( pairs );
Systemout.println( "Wth NaneVal uePairs: " + nethod.getURI( ) );
cl i ent.execut eMet hod( nethod );
Systemout.println( "Response:\n " + nethod. get ResponseBodyAsString( ) );
nmet hod. r el easeConnecti on( );

According to RFC 1738 (Uniform Resource Locators (URL) specification) URLs can only contain alphanumeric
characters, [ 0- 9a- zA- 7] , and afew other special characters. If you need to send a parameter with an unacceptable
character in aURL, you will need to encode your string according to the standard defined in RFC 1738. URI Uti | exposes
amethod encodeQuery( ) that can be used to encode the value "O Reilly" in the previous example. The following code
demonstrates the use of URI Uti | to encode strings for inclusionin a URL:

243



HTTP and WebDAV

String encodedl = URIUtil.encodeQuery( "<test>=0 Connell" );
String encoded2 = URI Util.encodeQuery( "one:two=thr ee#" );
String decoded = URI Uil .decode( "Hell 0%20Wr | d%3F" );
System out. println( "Encoded: " + encodedl );
Systemout.println( "Encoded: " + encoded2 );

System out. println( "Decoded: " + decoded );

This simple example encodes two strings and decodes an encoded string using URI Ut i | . The output shows the result of
each transformation:

Encoded: %3ctest %€3=0 Connel |
Encoded: one%3at wo=t hr %20ee#23
Decoded: Hello Worl d?

11.4.4. See Also

In thisexample, URLUt i | was used to encode content passed in on the query string. This HttpClient team has recently
moved some of the URL encoding and decoding logic to the Commons Codec project as a class named URLCodec. For
more information about URLCodec, see the Commons Codec project page (http://commons.apache.org/codec).

RFC 1738 discussesthe legal characters for a URL and defines a process for encoding other characters. RFC 1738 can be
found at http://www.zvon.org/tmRFC/RFC2616/Output/index.html.

11.5. Retrieving Content with a Conditional GET

11.5.1. Problem

Y ou heed to retrieve the same content more than once, and you would like to have the server only send the content if it
has changed since the last request.

11.5.2. Solution

Create a Get Met hod and set the | - None- Mat ch and | f - Modi fi ed- Si nce headers; these two headers will instruct the
server to refrain from sending content if the content has not been altered since the last request. Example 11-1 makes three
separate requests for the same URL (http://www.apache.ord), and, because the content remains static, it isonly sent in the
response body of the first request.

Example 11-1. Requesting infor mation with a conditional GET

i mport java.io.| OExcepti on;
i mport org.apache. commons. htt pclient. Header;
i nport org.apache. conmons. htt pclient. Header El enent ;
i mport org.apache. conmons. httpclient. Htpdient;
i nport org. apache. conmons. httpclient. H t pExcepti on;
i mport org.apache. conmons. httpclient. Htt pMet hod;
i mport org.apache. commons. httpclient. Htt pSt at us;
i nport org. apache. conmons. httpclient. nmet hods. Get Met hod;
public

cl ass Conditi onal Get Exanpl e {

public
static
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void main(String[] args) throws HttpException, | CException {
Condi ti onal Get Exanpl e exanpl e = new Condi ti onal Get Exanpl e( );
exanple.start( );

}

String entityTag = "";
String lastMdified = "";

public
void start( ) throws HttpException, |OException {
Htpdient client = new HtpCient( );
Ht t pMet hod net hod = new Get Met hod("http://ww. apache. org");
for( int i =0; i <3; i++) {
set Header s( net hod) ;
cl i ent. execut eMet hod( net hod) ;
processResul t s( net hod) ;
nmet hod. r el easeConnecti on( );
net hod. recycl e( );
}
} .
private
voi d set Headers(Htt pMet hod net hod) {
nmet hod. set Request Header (new Header ("1 f-None-Match", entityTag ) );
nmet hod. set Request Header (new Header ("1 f-Modi fi ed- Si nce",
| astModified ) );
} .
private
voi d processResul ts(HttpMet hod net hod) throws HttpException {
i f(nethod. get Stat usCode( ) == HttpStatus. SC NOT_MDI FI ED ) {
Systemout.println( "Content not nodified since |ast request" );
} else {
entityTag = retri eveHeader ( met hod, "ETag" );
| ast Modi fied = retri eveHeader ( net hod, "Last-Mdified" );
Systemout.println( "Get Method retrieved content." );
Systemout.println( "Entity Tag: " + entityTag );
Systemout.println( "Last Mddified: " + lastMdified );

}

private String retrieveHeader( Ht pMet hod nmethod, String nane )
throws Ht t pException {
Header El ement[] header = net hod. get ResponseHeader (" ETag") .
get El enents( );
String value = "";
i f(header.length > 0) {
val ue = header[O0]. get Nane( );
}

return val ue;

Example 11-1 requests the same page three times; the first request retrieves the content, and the second and third requests
contain the headers for a conditional HTTP GET. Because the Apache homepage remains unchanged throughout this
example, the content of http://www.apache.org is retrieved only once. This example uses the headersin the first response
to populate the | f - None- Mat ch and | f - Modi fi ed- Si nce headers for the second and third requests:

Request 1. CGet Method retrieved content.
Entity Tag: "2da794a-2d0d-998ebc80"
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Last Modified: Wed, 14 Apr 2004 05:53:38 GMVI
Request 2. Content not nodified since |ast request
Request 3. Content not nodified since | ast request

11.5.3. Discussion

Thisfirst request issimilar to aregular HTTP GET, and if you examine the contents of the first request and response, you
will see that the server's response contains two headers:

Last- Modi fi ed: Wed, 05 May 2004 02:51:59 GVI
ETag: "a06d2-76-829811c0"

Example 11-1 takes the values of these two response headers and storesthem in theent i t yTag and | ast Modi fi ed
variables. When the next request is made, the values of these two variables are used to popul ate the conditional headers
I f - None- Mat ch and | f - Modi i ed- Si nce intheset Header s() method. These request headers are present in the second
reguest for the same resource:

GET / HTTP/ 1.1

| f - None- Mat ch: "2da7807- 31a8- eleeb400"

| f-Modified-Since: Tue, 11 May 2004 23:57: 04 GV
User - Agent : Jakarta Comons- Httpd i ent/ 3. 0fi nal
Host: www. apache. org

When the server receives these conditional headers, it will check to seeif the resource has been modified. If the resource
has been modified, the resource will have a different modified date and different entity tag value. If the resource has not
been modified, the server will respond to Ht t pdl i ent with @304 Not Modi fi ed response code:

HTTP/ 1.1 304 Not Modified

Date: Sat, 15 May 2004 16:59: 23 GVII
Server: Apache/2.0.49-dev (Unix)

ETag: "2da7807-31a8- eleeb400"

Expires: Sun, 16 May 2004 16:59: 23 GMI
Cache- Control : max- age=86400

The ETag header isknown asanentity tag, anditissimilar to a hash code for aresource served by a particular web
server. Different servers have different algorithms for creating an ETag header; for example, the Apache HTTPD server
has a configuration directive, which allows you to base an ETag on a configurable set of file attributes, such as size, i-node
number, and modified time. Consider an ETag to be aunique identifier for a particular version of aresource; if this header
changes, the corresponding resource has been altered.

11.5.4. See Also

Entity tags (the ETag header) are described in sections 3.11 and 14.19 of RFC 2616
(http://www.zvon.org/tmRFC/RFC2616/Output/index.html). The Apache HTTPD server can be configured to use
different file attributes when creating an ETag header. For more information about configuring the Apache HTTPD server
viatheFi | eETag directive, see the documentation of Apache's core features
(http://httpd.apache.org/docs-2.0/mod/core.htmi#fil eetag).

11.6. Debugging HTTP Communications
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11.6.1. Problem

Y ou need to see the low-level communications between the client and the server.

11.6.2. Solution

Set four syst emvariables that control logging, and Ht t pd i ent will produce debugging statements dealing with
environment information, SSL configuration information, and the raw data sent to and received from the server. The
following example sets the four Syst emproperties that control Ht t pCl i ent debugging output:

i mport org.apache. commons. httpclient. Htpdient;
i mport org.apache. conmons. httpclient. H t pException;
i mport org.apache. conmons. httpclient. H t pMet hod;
i mport org.apache. conmons. httpclient. nmet hods. Get Met hod;
String | ogging = "org. apache. commons. | oggi ng";
/1 Configure Logging
Syst em set Property(l oggi ng + .inmpl.SinpleLog");
System set Property(l ogging + .| oggi ng. si npl el og. showdat eti ne", "true");
System set Property(logging + ".sinplelog.log. httpclient.wre", "debug");
Syst em set Property(l oggi ng + ".sinpl el og. | og. org. apache. conmons. httpclient",

"debug");

".Log", logging +

Htpdient client = new HtpCient( );

String url = "http://ww.di scursive.conijccook/";
Ht t pMet hod net hod = new Get Met hod( url );

cl i ent.execut eMet hod( nethod );

String response = net hod. get ResponseBodyAsString( );
System out. println( response );

nmet hod. r el easeConnecti on( );

met hod. recycl e( );

This code executes asimple Get Met hod and produces the following debugging output, which contains environment
information and alog of all data sent and received from the server:

HtpCient - -Java version: 1.4.2 04

Htpdient - -Java vendor: Sun M crosystens |nc.
HtpClient - -Java class path:

Htpdient - -Operating system nane: W ndows XP
Htpdient - -Operating systemarchitecture: x86
Htpdient - -Operating systemversion: 5.1

Htpdient - -SUN 1.42: SUN (DSA key/ paraneter generation; DSA signing; SHA-1, \
MD5 digests; SecureRandom X 509 certificates; JKS keystore; \
PKI X Cert Pat hVal i dat or; PKI X Cert Pat hBui | der; LDAP, Col | ection \
Cert St or es)

Htpdient - -SunJSSE 1.42: Sun JSSE provider (i npl enments RSA Signatures, \
PKCS12, SunX509 key/trust factories, SSLv3, TLSvl)

HtpCient - -SunRsaSign 1.42: SUN s provider for RSA signatures

Htpdient - -SunJCE 1.42: SunJCE Provider (inplenents DES, Triple DES, \
AES, Bl owfish, PBE, Diffie-Hellmn, HVAC MD5, HVAC- SHA1)

Htpdient - -SunJGSS 1.0: Sun (Kerberos v5)

Ht t pConnection - -HttpConnection. set SoTi neout ( 0)

Ht t pMet hodBase - -Execute loop try 1

wire - ->> "CET /jccook/ HTTP/1.1[\r][\n]"

Ht t pMet hodBase - - Addi ng Host request header

wire - ->> "User-Agent: Jakarta Commons-HttpCient/3.0final[\r][\n]"

wire - ->> "Host: www. discursive.conf\r][\n]"

wire - ->> "[\r][\n]"

wire - -<< "HITP/ 1.1 200 OK[\r][\n]"

247



HTTP and WebDAV

wire - -<< "Date: Thu, 06 May 2004 02:49:43 GMI[\r][\n]"
wWire - -<< "Server: Apache/2.0.48 (Fedora)[\r][\n]"
wire - -<< "Last-Mdified: Wed, 05 May 2004 02:51:37 GMI[\r][\n]"
wire - -<< "ETag: "a06d1l-68-81486040"[\r][\n]"
wWire - -<< "Accept-Ranges: bytes[\r][\n]"
wire - -<< "Content-Length: 104[\r][\n]"
wire - -<< "Content-Type: text/htm; charset=UTF-8[\r][\n]"
Ht t pMet hodBase - -Buffering response body
wre - -<< "<htm >[\n]"
wire - -<< " <head>[\n]"
wre - -<< " <title>JCCook Exanple</title>\n]"
wire - -<< " </head>[\n]"
wire - -<< " <body>[\n]"
wire - -<< " <hl>Hello World!</hl>[\n]"
wire - -<< " </body>[\n]"
wire - -<< "</htm >"
Ht t pMet hodBase - -Resorting to protocol version default close connection policy
Ht t pMet hodBase - - Shoul d NOT cl ose connection, using HITP/ 1. 1.
<htm >
<head>
<title>JCCook Exanple</title>
</ head>
<body>
<hl>Hel | o Worl d! </ h1>
</ body>
</htm >

11.6.3. Discussion

The ability to see the communications between a browser and a server is agreat diagnostic tool, and, throughout this
chapter, the wire protocol logging properties have been used to provide some insight into the inner workings of
Htt pd i ent . There were four Syst emproperties set in the previous example:

or g. apache. commons. | oggi ng. si npl el og. l og. httpclient.wire
Setting this property to debug causesan Ht t pd i ent instance to print out all traffic sent to and received from aweb
server.

or g. apache. conmons. | oggi ng. si npl el og. | 0og. org. apache. conmons. htt pcl i ent
Setting this property to debug configuresHt t pd i ent to print general debugging information. In the previous
example, every line starting with Hi t pCl i ent Or Ht t pMet hodBase is a debugging message configured by this setting.

or g. apache. commons. | oggi ng. Log
Setting this property to or g. apache. commons. | oggi ng. i npl . Si npl eLog configuresHt t pd i ent to log output to the
console.

or g. apache. commons. | oggi ng. si npl el og. showdat eti ne
Setting thisto t r ue will cause the Si npl eLog to print the date and time for every message.

11.7. Making an HTTP POST Request

11.7.1. Problem
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Y ou heed to supply parameters to a script or servlet using HTTP POST.

11.7.2. Discussion

Create aPost Met hod and call set Paraneter () or addPar anet er () before you execute the method. The Post Met hod will
send arequest with a Cont ent - Type header of appl i cati on/ x- ww« f or m ur | encoded, and the parameters will be sent in
the request body. The following example demonstrates the use of Post Met hod to send parameters:

i nport org.apache. commons. httpclient. Htpdient;
i mport org.apache. conmons. httpclient. HtpException;
i nport org. apache. conmons. htt pcli ent. NaneVal uePair;
i mport org.apache. commons. htt pclient. met hods. Post Met hod;
Htpdient client = new HtpCient( );

/1 Create POST nethod
String url = "http://ww.di scursive.conl cgi-bin/jccook/paraml|ist.cgi";
Post Met hod net hod = new Post Met hod( url );
/] Set paranmeters on POST
nmet hod. set Paraneter( "test1", "Hello Wrld" );
nmet hod. addPar aneter( "test2", "This is a Form Subm ssion" );
met hod. addPar aneter ( "Bl ah", "Woop" );
nmet hod. addPar anet er ( new NaneVal uePair( "Bl ah", "Woop2" ) );
/1 Execute and print response
cl i ent.execut eMet hod( nethod );
String response = nethod. get ResponseBodyAsString( );
System out. println( response );
nmet hod. r el easeConnecti on( );

Theparam list.cgi CGI script echoes all parameters received, and from the following output, you can see that three
parameters were supplied to this script:

These are the paraneters | received:
test 1:
Hello World
t est 2:
This is a Form Subni ssi on
Bl ah:
Whoop
Whoop2

11.7.3. Discussion

The previous exampl e sent the parameters in the request body. The request created by the previous example is shown
below:

POST /cgi - bin/jccook/param list.cgi HITP/ 1. 1[\r][\n]

User - Agent: Jakarta Commons-HttpCdient/3.0final [\r][\n]

Host: www. di scursive.conf\r][\n]

Content-Length: 72[\r][\n]

Cont ent - Type: appl i cation/ x-ww-formurl encoded[\r][\n]

[\r][\n]

t est 1=Hel | o+Wor | d&t est 2=Thi s+i s+a+For m+tSubmi ssi on&Bl ah=Whoop&Bl ah=Whoop2

Tip
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This output was produced by turning on wire debugging for Ht t pd i ent , as described in Recipe 11.6.

Thefirst line specifies the HTTP method, the request path, and the protocol. The second line identifies this client as
HttpClient Version 3.0. The third line specifies the request host and is used by servers serving many different virtual hosts
using one IP address. The fourth line states that the request body is exactly 72 bytes, and the Cont ent - Type header defines
the request body as being a series of URL-encoded parameters. The parameters are passed in one line as

nanel=val uel&ane2=val ue&, €tC.

There are afew ways to specify parameters on a Post Met hod. The most straightforward isto call set Paranet er ( ) with
two strings: the parameter name and parameter value. set Par amet er () Will replace any existing parameter with the same
name. If aparameter with the same nameis already present in aPost Met hod, addPar anet er ( ) will add another value to
an existing parameter; addPar anet er ( ) also accepts two strings: the name and value. Alternatively, both methods can be
called with aNaneVal uePai r object that encapsulates the name and value of a parameter. The previous example sent two
values for the parameter Bl ah, which were both added using addPar aret er ( ) . The first was added with two string
parameters, and the second was added using a NaneVal uePai r object.

11.7.4. See Also

The POST method is defined in detail in Section 9.5 of RFC 2616
(http://www.zvon.ora/tmRFC/RFC2616/Output/index.html).

11.8. Sending POST Data from a File

11.8.1. Problem
Y ou need to send the datafrom afilein an HTTP POST request.

11.8.2. Solution

Create aPost Met hod, create aFi | e object, and call set Request Body( ) and set Request Cont ent Lengt h() on the method
beforeit is executed. The Post Met hod Will send arequest with a Cont ent - Lengt h header, which reflects the size of thefile
sent in the request body. The following example demonstrates the use of Post Met hod to send data from afile in arequest
body:

i mport org.apache. conmons. httpclient.Htpdient;
i mport org. apache. conmons. httpclient. H t pExcepti on;
i mport org. apache. commons. htt pclient. met hods. Post Met hod;
Htpdient client = new HtpCient( );

/] Create POST nethod
String weblintURL = "http://ats. nist.gov/cgi-bin/cgi.tcl/echo.cgi";
Post Met hod et hod = new Post Met hod( weblintURL );
File file = new File( "project.xm" );
nmet hod. set Request Body( new Fil el nputStrean( file ) );
nmet hod. set Request Cont ent Length( (int)file.length( ) );
/1 Execute and print response
cl i ent.execut eMet hod( nethod );
String response = nethod. get ResponseBodyAsString( );
System out. println( response );
nmet hod. r el easeConnecti on( );
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The previous exampl e hits a CGI script, which echoes the contents of the request body. When this example is executed,
the response body is printed with the contents of the file that was uploaded in an HTTP POST request.

11.8.3. Discussion

This recipe sets the request body of an HTTP POST directly by passing aFi | e object to met hod. set Request Body() . In
addition to accepting aFi | e object, set Request Body( ) Can accept an | nput St reamor ast ri ng. Any time arequest body
is populated, the Cont ent - Lengt h header must be set to reflect the size of the request body by calling

met hod. set Request Cont ent Lengt h( ) . The previous recipe sent parametersin an HTTP POST request body by calling
set Paraneter ( ) and addPar aret er (), and the Cont ent - Lengt h and Cont ent - Type headers are automatically populated
when the method is executed. In this example, the Cont ent - Type header is not sent with the request as the content can be
any arbitrary textual or binary data.

11.9. Uploading Files with a Multipart POST

11.9.1. Problem
Y ou need to upload afile or aset of fileswith an HTTP multipart POST.

11.9.2. Solution

CreateaMul ti part Post Met hod and add Fi | e objects as parameters using addPar anet er ( ) and addPart ( ). The
Mul ti part Post Met hod creates arequest with a Cont ent - Type header of nul ti part/f or m dat a, and each part is separated
by a boundary. The following example sends two filesin an HTTP multipart POST:

i mport org.apache. conmons. httpclient.Htpdient;
i mport org.apache. conmons. httpclient. Htt pExcepti on;
i mport org.apache. commons. htt pclient. met hods. Ml ti part Post Met hod;
i nport org.apache. commons. httpclient. methods. multipart. FilePart;
Htpdient client = new HtpCient( );

/] Create POST nethod
String weblintURL = "http://ats.nist.gov/cgi-bin/cgi.tcl/echo.cgi"
Mul ti part Post Met hod net hod =
new Mul ti part Post Met hod( weblint URL );
File file = new File( "data", "test.txt" );
File file2 = new File( "data", "sanple.txt" );
met hod. addPar aneter ("test.txt", file );
met hod. addPart( new Fil ePart( "sanple.txt", file2, "text/plain",
"1 SO 8859-1" ) );
/1 Execute and print response
cl i ent. execut eMet hod( nethod );
String response = net hod. get ResponseBodyAsString( );
System out. println( response );
nmet hod. r el easeConnecti on( );

Two Fi | e objects are added to the mul t i par t Post Met hod using two different methods. The first method, addPar anet er (
), adds aFi | e object and setsthe file nametotest . t xt . The second method, addPart (), addsaFri | ePart object to the

Mul ti part Post Met hod. Both files are sent in the request separated by a part boundary, and the script echoes the location
and type of both files on the server:

<h3>For m i nput </ h3>
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<pr e>

sanmpl e.txt = /tnp/ C4A 14480. 4 sanple.txt {text/plain; charset=lSO 8859-1}
test.txt = /tnp/ CA 14480. 2 test.txt {application/octet-stream

char set =I SO 8859- 1}

</ pre>

11.9.3. Discussion

Adding apart asaFi | ePart object allows you to specify the Multipurpose Internet Main Extensions (MIME) type and the
character set of the part. In this example, the sanpl e. t xt fileisadded with at ext/ pl ai n MIME type and an | SO- 8859- 1
character set. If aFi | e isadded to the method using addPar anet er ( ) Or set Paranmeter (), it issent with the default

appl i cati on/ oct et - st r eamtype and the default | SO 8859- 1 character set.

When Ht t pd i ent executesthe il ti part Post Met hod created in the previous example, the following request is sent to
the server. The Cont ent - Type header isnul ti part/f orm dat a, and an arbitrary boundar y is created to delineate multiple

parts being sent in the request:

POST /cgi-bin/cgi.tcl/echo.cgi HITP/1.1

User - Agent : Jakarta Commons-Httpd i ent/ 3. 0final

Host: ats. nist.gov

Cont ent - Lengt h: 498

Cont ent - Type: nultipart/formdata; boundary=---------------- 31415926535
8979323846

------------------ 314159265358979323846

Content-Di sposition: formdata; nane=test.txt; filename=test.txt
Cont ent - Type: application/octet-streany charset=I SO 8859-1

Cont ent - Tr ansf er - Encodi ng: bi nary

This is a test.

------------------ 314159265358979323846

Content-Di sposition: formdata; name=sanple.txt; fil enane=sanpl e. t xt
Cont ent - Type: text/plain; charset=l SO 8859-1

Cont ent - Tr ansf er - Encodi ng: bi nary

This is a sanple

------------------ 314159265358979323846- -

Each part contains a Cont ent - Di sposi ti on header to name the part and a Cont ent - Type header to classify the part with a
MIME type and character set.

11.9.4. See Also

RFC 1867 (form-based file upload in HTML defines a multipart POST) can be found at
http://www.zvon.org/tmRFC/RFC1867/Output/index.html. Each part is sent using MIME, which is described in RFC
2045, Multipurpose Internet Mail Extensions (MIME) Part One: Format of Internet M essage Bodies
(http://www.zvon.org/tmRFC/RF2045/Output/index.html).

11.10. Basic Authentication

11.10.1. Problem
Y ou need to access information protected by HTTP Basic Authentication.

252


http://www.zvon.org/tmRFC/RFC1867/Output/index.html
http://www.zvon.org/tmRFC/RF2045/Output/index.html

HTTP and WebDAV

11.10.2. Solution

Create a User nanePasswor dCr edent i al s object with a username and password. Add this cr edent i al s abject to the
instance of Ht t pSt at e associated with an Ht t pdl i ent object. Htt pd i ent will attempt to execute a message, and the
server will respond with 401 response code; Ht t pd i ent Will then retry the request with the appropriate Aut hori zat i on
header. The following example uses a User namePasswor dCr edent i al s Object to access a protected resource:

i nport org.apache. commons. httpclient. Credenti al s;
i mport org.apache. conmons. httpclient. Htpdient;
i nport org.apache. conmons. httpclient. Htt pExcepti on;
i mport org. apache. conmons. httpclient. Htt pMet hod;
i nport org. apache. commons. htt pclient. User nanePasswor dCr edent i al s;
i mport org.apache. conmons. httpclient. nmet hods. Get Met hod;
Htpdient client = new HtpCient( );
HttpState state = client.getState( );

/Il Set credentials on the client
Credentials credentials =

new User nanePasswor dCr edenti al s( "testuser", "crazypass" );
state.setCredentials( null, null, credentials );
String url = "http://ww.di scursive.conifjccook/auth/";

Ht t pMet hod net hod = new Get Met hod( url );

cl i ent.execut eMet hod( nethod );

String response = net hod. get ResponseBodyAsString( );
Systemout.println( response );

nmet hod. r el easeConnecti on( );

This example executes a Get Met hod, the server requests credentials, and the credentials are sent to the server. The fina
responseis:

<ht m >
<head>
<title>Secure JCCook Exanple</title>
</ head>
<body>
<hl>Hel | o Secure Worl d! </ h1>
</ body>
</htm >

11.10.3. Discussion

The previous example added a User nanePasswor dCr edent i al s Object tothe Ht t pSt at e with anul | authentication realm
and anul | hogt; this makes the supplied User nanePasswor dCr edent i al s object the default instance to use for al
authentication realms and hosts. The requests and responses created by this example demonstrate the inner-workings of
Ht t pdl i ent, which sent the following request when the Get Met hod was executed:

CET /jccook/auth/ HTITP/ 1.1
User - Agent : Jakarta Commons-Httpd i ent/ 3. 0fi nal
Host: www. di scursive. com

The server then responds with a 401 response code, telling the client that authorization is required. The WV Aut hent i cat e
header specifies that the server is expecting Basic authentication, and the authentication realm isj ccook real m

HTTP/ 1.1 401 Aut horization Required
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Date: Fri, 14 May 2004 20:40:59 GV
Server: Apache/2.0.48 (Fedora)
WAV Aut henti cate: Basic real m="j ccook real nt
Cont ent - Lengt h: 487
Content - Type: text/htm ; charset=i so-8859-1
DOCTYPE HTML PUBLIC "-//1ETF//DTD HTM. 2. 0//EN'>
<ht M ><head>
title>401 Authorization Required</title>
</ head><body>
error nessage ....

The server did not return the information needed, and another request needs to be made, sending the credentialsin an
Aut hori zat i on request header. Since the initial request was made with HTTP/ 1. 1, the connection is not closed after the
response, and a second request will be sent over the same connection. This second request is the same as the first request
except for an Aut hori zat i on header. Ht t pd i ent looked at the associated Ht t pSt at e object and located the appropriate
Credenti al s object to use to create the Aut hori zat i on header:

CGET /j ccook/auth/ HTTP/ 1.1

User- Agent: Jakarta Comons-HttpClient/3.0final
Host: www. di scursi ve.com

Aut hori zati on: Basic dGV/zdHVzZXI 6Y3Jhenl wYXNz

Finally, the server replies with a200 response code and the content of the requested resource:

HTTP/ 1.1 200 K
Date: Fri, 14 May 2004 20:40:59 GvVIr
Server: Apache/2.0.48 (Fedora)
Last - Modi fied: Wed, 05 May 2004 02:51:59 GMI
ETag: "a06d2- 76-829811c0"
Accept - Ranges: bytes
Content-Length: 118
Cont ent - Type: text/htm ; charset=UTF-8
<htm >

<head>

<title>Secure JCCook Exanple</title>

</ head>

<body>

<hl>Hel | o Secure World! </ hl>

</ body>
</htm >

Htt pd i ent waits for the server to send back a401 response code before sending the appropriate credentias. If you are
accessing aresource, which is known to be protected by authentication, you can configure the Ht t pSt at e object to send
credentials preemptively, obviating the need for the client to react to a401 response code. In other words, the

Aut hori zat i on header is supplied in the initial request. To configure Ht t pd i ent to send credentials preemptively,
retrieve an H t pd i ent Par ans object from Ht t pd i ent viathe get Par ams( ) method, and call

set Aut hent i cati onPreenptive(true) asfollows:

Ht t pd i ent Paranms parans = client.getParans( );
par ans. set Aut henti cati onPreenptive( true );

Warning
Basic authentication involves sending an unencrypted password in the request. The value of the
Aut hor i zat i on header in the request issimply t est user : crazypass sent through aBase64 encoding utility.
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If you are working on a system that uses Basic authentication, make sure that any system that performs
authentication does so over ssL; otherwise, your password will fall into the wrong hands.

11.10.4. See Also

If you want to convince someone that using Basic authentication without encryption is a bad idea, download the network
protocol analyzer Ethereal (http://www.ethereal.com/), and capture some network traffic. Identify an Aut hori ze header
and run the value through a Base64 decoder (http://www.securitystats.com/tools/base64.php). Create a custom T-shirt or
coffee mug with your friend's username and password, and present it to him as a gift.

11.11. NTLM Authentication

11.11.1. Problem
Y ou need to access aresource that is protected by Microsoft's NTLM authentication protocol.

11.11.2. Solution

Create an instance of NTCr edent i al s with ausername, password, host, and domain, and call set Cr edent i al s() onthe
Ht t pSt at e associated with an instance of Ht t pd i ent . The following example demonstrates the use of NTCr edent i al s tO
access aresource on host t est . wi ndowsmachi ne. com Which is on the domain TESTDOM

i mport org.apache. conmons. httpclient. Credenti al s;
i nport org.apache. commons. httpclient. HttpCient;
i mport org.apache. conmons. httpclient. HttpState;
i mport org. apache. commons. httpclient. Htt pExcepti on;
i mport org.apache. conmons. httpclient. Htt pMet hod;
i mport org. apache. conmons. httpclient.NICredenti al s;
i nport org. apache. conmons. htt pclient. nmet hods. Get Met hod;
Htpdient client = new HtpCient( );
/1 Set credentials on the client
Credentials credentials =
new NTCredential s( "testuser", "crazypass",
"honmeconmputer ", "TESTDOM' );
HitpState state = client.getState( );
state( ).setCredentials( null, null, credentials );
String url = "http://webmail . domai n. bi z/ exchange/ ";
Ht t pMet hod net hod = new Get Met hod( url );

client.executeMet hod( nethod );

String response = net hod. get ResponseBodyAsString( );
System out. println( response );

nmet hod. r el easeConnecti on( );

11.11.3. Discussion

The parametersto the constructor of NTCr edent i al s are the username, the password, a hosthame, and adomain. The
hostname is the name of the machine making the request, and, in this case, the third parameter is honeconput er . When
thiscredenti al object isset inthe Ht t pSt at e object, the first two parameters specify the authentication realm and the
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host to apply acredenti al object to. The previous example sets both the authentication realm and the host to nul I ; this
makes the NTCr edent i al s object the default Cr edent i al s to useif thereis no realm or host specified. If we were using
oneinstance of Ht t pd i ent to connect to two different hosts with two different NTCr edent i al s objects, both

Credenti al s objects could be added to H: t pSt at e with the following code:

Htpdient client = new HtpCient( );
Credential s credential s1 =
new NTCredential s( "testuser", "crazypass",
"homeconmputer", "TESTDOM' );
Credentials credential s2 =
new NTCredenti al s( "anot heruser", "password2",
"homeconput er", "Dl FFERENT _DOVAI N' );
HtpState state = client.getState( );

state( ).setCredentials( null, "webnail.domain.biz", credentialsl);

state( ).setCredentials( null, "silly-iis-server.|ane.net", credentials2 );
/'l Execute a request which uses credential sl

String url = "http://webmail.domain. bi z/ exchange/";

Ht t pMet hod et hod = new Get Met hod( url );

cl i ent. execut eMet hod( nethod );

/'l Execute a request which uses credenti al s2

String url2 = "http://silly-iis-server.|lane.net/test/";
Ht t pMet hod net hod2 = new Get Met hod( url 2 );

cli ent.execut eMet hod( net hod2 );

The host webrmai | . dommai n. bi z tries to authenticate the first request against the TEsTooMdomain, and the
silly-iis-server.|ane. net host triesto authenticate the second request against the bi FFERENT_DOMAI N domain. Since
the Ht t pSt at e is configured with two separate Cr edent i al s objects for different hosts, both requests are successfully
authenticated.

11.11.4. See Also

No one will dispute the assertion that the HT TP protocol has dramatically changed the world we live in, and one of the
reasons for this successis the openness of the protocol. Unfortunately, NTLM is proprietary and undocumented, and this
is reason enough to avoid using it entirely. If you are stuck with NTLM and you want to learn more about the protocal, it
is described in excruciating detail at http://www.innovation.ch/java/ntim.html and
http://davenport.sourceforge.net/ntlm.html.

11.12. Working with Cookies

11.12.1. Problem

Y ou need to work with a system that uses cookies to store state, and you need to be able to set cookies as well as keep
track of cookies set by the server.

11.12.2. Solution

Htt pd i ent handles cookies automatically. If you need to keep track of acookie set by the server, simply use the same
instance of Ht t pd i ent for each request in asession. If you need to set a cookie, create an instance of Cooki e, and add it
to Ht t pSt at e. The following example sends a Cooki e to the server:

i mport java.io.l CException;
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i mport org. apache. commons. htt pclient. Cooki e;

i mport org.apache. conmons. httpclient. HtpCient;

i mport org.apache. conmons. httpclient. H tpException;

i nport org.apache. commons. httpclient. Htt pMet hod;

i mport org.apache. conmons. httpclient. net hods. Get Met hod;
Htpdient client = new HtpCient( );

Systemout. println( "Mking Request without Cookie: " );
makeRequest (client);

System out. println( "Mking Request with Cookie: " );
Cooki e cooki e = new Cooki e(". di scursive.conl', "test_ cookie",
"“hello", "/", null, false);
client.getState( ).addCooki e( cookie );
makeRequest (client);
private
static
voi d makeRequest (Htt pClient client)
throws | OException, HttpException {
String url = "http://ww.di scursive. con cgi-bin/jccook/cookie test.cgi";
Ht t pMet hod et hod = new Get Met hod( url );
client.executeMet hod( nethod );
String response = mnet hod. get ResponseBodyAsString( );
System out. println( response );
nmet hod. r el easeConnecti on( );
met hod. recycl e( );

This example hitsa CGI script that tests for the presence of a cookie named t est _cooki e. One request is made without
the cookie and another request is made with the cookie. The following output is produced:

Maki ng Request without Cooki e:
<h1l>t est _cooki e NOT PRESENT</ hl>
Maki ng Request with Cooki e:

<hl>t est _cooki e PRESENT</hl >

11.12.3. Discussion

Cookies are used by a number of application servers to manage user sessions; JSESSI ONI D cookies are used by most J2EE
application servers and servlet containers to keep track of a session. Because Ht t pd i ent automatically handles cookies,
if aserver setsacookie, it will be added to the Ht t pSt at e instance associated with Ht t pd i ent . If you need to get alist of
cookies associated with an Ht t pSt at e, call get Cooki es( ) to obtain an array of Cooki e objects. The following code
retrieves an array of Cooki e objects, printing the domai n, pat h, nane, and val ue of each Cooki e:

Htpdient client = new HtpCient( );
/] execute sone nethods. ..
Cooki e[] cookies = client.getState( ).getCookies( );

for( int i =0; i < cookies; i++ ) {
Cooki e cooki e = cookies[i];
String domain = cooki e. get Donmai n( ) ;
String path = cookie.getPath( );

String nane cooki e. get Name( );

String val ue = cooki e. get Val ue( );

System out. println( "Cookie: "
nane + ", "

+ domain + ", + path + ", +
+ val ue );
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There are two different approaches to cookies floating around the internet: Netscape Draft Specification and RFC 21009.
Some servers use the Netscape Draft and others use RFC 2109; because of this, HttpClient offers a COvPATI BI LI TY mode
that should work with most servers. The default cookie policy for HttpClient isthe RFC_2109 policy. If you are having
problems with cookies, change the cookie policy to the covPATI BI LI TY policy, which isapublic statici nt in the

Cooki ePol i cy class. To change the cookie policy, cal set Cooki ePol i cy() onthe Ht t pSt at e associated with

H tpd i ent, asfollows:

Htpdient client = new HtpCient( );

/1 To use a Conpatability policy

client.getState( ).set CookiePolicy(CookiePolicy. COWATI BI LI TY) ;
/1l To use a Netscape Draft policy

client.getState( ).setCookiePolicy(CookiePolicy. NETSCAPE DRAFT) ;
[/l To use a RFC 2109 policy - this is the default
client.getState( ).setCookiePolicy(CookiePolicy. RFC2109);

Thereis also athird approach—outlined in RFC 2965—which supercedes RFC 2109. However, there is no code-level
support for this third approach in commons yet.

11.12.4. See Also

The original cookie specification was written by Netscape, and it can be found at
http://wp.netscape.com/newsref/std/cookie_spec.html. RFC 2109 (HTTP State Management Mechanism) is available at
http://www.zvon.org/tmRFC/RFC2109/Output/, and the newer RFC 2965 (HT TP State Management M echanism) can be
found at http://www.zvon.org/tmRFC/RFC2965/Output/. Currently, HttpClient does not support the RFC 2965 standard.

11.13. Handling Redirects

11.13.1. Problem
Y ou need to access a server that may send an arbitrary number of redirects.

11.13.2. Solution

Before executing an H: t pMet hod call, set Fol | owRedi rect s(true) onthe method; Htt pd i ent will take care of following
any redirects a server may return in aresponse. The following example shows what happens when a method requests a
CGil script that returns a302 (moved temporarily) response code:

i mport org.apache. conmons. httpclient.Htpdient;
i mport org.apache. conmons. httpclient. Htt pExcepti on;
i mport org.apache. conmons. httpclient. Htt pMet hod;
i mport org.apache. conmons. httpclient. nmet hods. Get Met hod;
Htpdient client = new HtpCient( );
String url = "http://ww. di scursive.com cgi-bin/jccook/redirect.cgi";

Systemout. println( "Executing Method not followi ng redirects: ");
Ht t pMet hod net hod = new Get Met hod( url );

met hod. set Fol | owRedi rects( fal se );

execut eMet hod(client, nethod);

Systemout. println( "Executing Method followi ng redirects: ");

met hod = new Get Met hod( url );

met hod. set Fol | owRedi rects( true );

execut eMet hod(client, nethod);
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private
static
voi d executeMethod(H tpdient client, HtpMethod nethod)
throws | CException, HttpException {
cl i ent. execut eMet hod( nethod );
System out. printl n( "Response Code: " + nethod. get StatusCode( ) );
String response = net hod. get ResponseBodyAsString( );
Systemout.println( response );
nmet hod. r el easeConnecti on( );
met hod. recycl e( );

This example executes two Get Met hod instances; the first method is configured not to follow redirects, and the second is
configured to follow redirects. The first method is executed, and the server sends a 302 response code. Since this method
is not configured to follow redirects, Ht t pd i ent does not make another request. When the second method is executed,

H t pd i ent followstheinitia redirect to ar edirect 2. cgi script, which sends another redirect to/j ccook/ i ndex. ht ni :

Executing Method not follow ng redirects:
0 I NFO [main] org.apache.conmons. httpclient. HttpMet hodBase - Redirect
requested but foll owRedirects is disabled
Response Code: 302
Executing Method followi ng redirects:
Response Code: 200
<ht m >

<head>

<title>JCCook Exanple</title>

</ head>

<body>

<h1l>Hel | o Worl d! </ h1>

</ body>
</htm >

11.13.3. Discussion
Htt pd i ent can handle any of the following response codes specifying a redirect:

» Status Code 302: Ht t pSt at us. SC_MOVED_TEMPORARI LY
o Status Code 301: Ht t pSt at us. SC_MOVED_PERMANENTLY
» Status Code 303: Ht t pSt at us. SC_SEE_OTHER

» Status Code 307: Ht t pSt at us. SC_TEMPORARY_REDI RECT
When aresponse code isretrieved, Ht t pd i ent sends another GET request for the resource specified in the Locat i on
header. The following code is the first request sent by a method configured to follow redirects:

CGET /cgi-bin/jccook/redirect.cgi HITP/ 1.1
User - Agent : Jakarta Comons-Httpdient/3.0fina
Host: www. di scursi ve. com

Theredirect.cgi script will then send a302 Mved response, supplying aLocat i on header that pointsto
redirect2.cgi:

HTTP/ 1.1 302 Moved
Date: Sat, 15 May 2004 19: 30:49 GVI
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Server: Apache/2.0.48 (Fedora)

Location: /cgi-bin/jccook/redirect?2. cgi
Content-Length: O

Cont ent - Type: text/plain; charset=UTF-8

Htt pd i ent then sends another GET request for the resource specified in the previous response:

CET /cgi-bin/jccook/redirect2.cgi HITP/ 1.1
User - Agent : Jakarta Commons- H t pd i ent/ 3. 0fi nal
Host: www. di scursive.com

Theredirect 2. cgi isconfigured to send aredirect for /j ccook/ i ndex. ht ni , and the response to the previous request
doesjust that:

HTTP/ 1.1 302 Moved

Date: Sat, 15 May 2004 19: 30: 49 GVIr
Server: Apache/2.0.48 (Fedora)

Location: /jccook/index.htm

Cont ent - Length: O

Cont ent - Type: text/plain; charset=UTF-8

How Ht t pd i ent handles redirect responses can be further customized by three configurable parameterson H t pdl i ent .
REJECT_RELATI VE_REDI RECT causes Ht t pdl i ent to throw an exception if aserver sendsalLocat i on header with arelative
URL; for instance, if theredi rect . cgi Script returnsaLocat i on header of . . /i ndex. ht n1 , the redirection causes an
exception if REJECT_RELATI VE_REDI RECT isset to t rue. If ALLOW CI RCULAR_REDI RECTS isset totrue, Hi t pd i ent throws
an exception if aseries of redirects includes the same resources more than once. MAX_REDI RECTS allows you to specify a
maximum number of redirects to follow. The following example sets al three parameters on an instance of

Htt pdl i ent Par ans associated with aninstance of Htt pd i ent :

Htpdient client = new HtpCient( );

Ht t pd i ent Paranms parans = client.getParans( );

par ans. set Bool eanPar anet er ( Ht t pd i ent Par anms. REJECT _RELATI VE_REDI RECT, fal se );
par ans. set Bool eanParanet er ( Ht t pd i ent Par ams. ALLOW Cl RCULAR _REDI RECTS, fal se );
parans. set | nt Paraneter( HttpC ient Params. MAX_REDI RECTS, 10 );

11.13.4. See Also

For more information on how Ht t pd i ent handles redirection, take alook at the source for the Ht t pvet hodDi rect or . The
i sRedi rect Needed() and pr ocessRedi r ect Response() methods handle redirection, and the source for this class can be
viewed using ViewCV S (http://cvs.apache.org/viewcvs.cqgi/jakarta-commons/httpclient/src/javal). Navigate to the

or g. apache. commons. ht t pcl i ent package and click on Ht t pMet hodDi r ect or .

11.14. SSL

11.14.1. Problem
Y ou need to execute a method using HT TP over Secure Sockets Layer (SSL).

11.14.2. Solution
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If you are working with a server that has a certificate signed by a certificate authority included in the Java Secure Socket
Extension (JSSE), Ht t pd i ent automatically handles HTTP over SSL; just use a URL that startswith ht t ps. The
following example retrieves Amazon.com's sign-in page using HTTP over SSL.:

i mport org.apache. conmons. httpclient.Htpdient;
i nport org.apache. conmons. httpclient. Htt pExcepti on;
i mport org. apache. conmons. httpclient. Htt pMet hod;
i mport org.apache. conmons. httpclient. met hods. Get Met hod;
Htpdient client = new HtpCient( );
String url = "https://ww. anazon. coni gp/flex/sign-in.htm";
Ht t pMet hod net hod = new Get Met hod( url );
cl i ent. execut eMet hod( nethod );
String response = met hod. get ResponseBodyAsString( );
System out. println( response );
nmet hod. r el easeConnection( );
nmet hod. recycl e( );

This example executes asimple Get Met hod constructed with a URL starting with ht t ps. The output of this exampleis:

0 WARN [rmai n] org.apache. conmons. httpclient. Htt pMet hodBase - Response
content length is not known

297 WARN [nmain] org.apache. cormons. httpclient. H t pMet hodBase - Response
content |ength is not known

<ht m >

<head><titl| e>Amazon.com Sign In</title>

</ head>

.......... Content ..................

</htm >

11.14.3. Discussion

HttpClient handles SSL automatically, if it can verify the authenticity of a certificate against an authority; thisiswhy this
recipeis so similar to Recipe 11.3. The example in this recipe only works if you are dealing with asite that hasa
certificate signed by awell-known authority. The Java Runtime Environment (JRE) keeps track of the signatures of all the
known certificate authoritiesin afile named cacerts. cacerts can befound in
/usr/javal/latest/jrel/lib/security/cacerts;itisan archivethat hasadefault password of changei t . For alist of
certificate authorities in Java, execute the following command line and supply the default password:

keytool -list -keystore C\j2sdkl.4.2 04\jre\lib\security\cacerts

Thelist will contain certificate fingerprints for Thawte, Entrust, Verisign, and other commercial certificate authorities. If
you wish to use the JSSE without having to write your own Pr ot ocol Socket Fact ory, you need to obtain a certificate
signed by an authority.

11.14.4. See Also

If you need to work with a self-signed certificate, see the next recipe.

11.15. Accepting a Self-Signed Certificate
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11.15.1. Problem

Y ou need to work with a server that is using a self-signed certificate.

11.15.2. Solution

Provide a custom SSLPr ot ocol Socket Fact ory that is configured to trust your self-signed certificate. A sample
implementation of SSLPr ot ocol Socket Fact ory named EasySSLPr ot ocol Socket Fact ory iS available via HttpClient's
CV Srepository, and the following example uses it to trust a self-signed certificate:

i mport org.apache. commons. httpclient. Htpdient;
i mport org.apache. conmons. httpclient. H t pException;
i mport org.apache. conmons. httpclient. H t pMet hod;
i mport org.apache. commons. httpclient.contrib. ssl.EasySSLPr ot ocol Socket Fact ory;
i mport org.apache. conmons. httpclient. net hods. Get Met hod;
i mport org.apache. conmons. httpclient. protocol . Protocol ;
Htpdient client = new HtpCient( );
String url = "https://pericles.synbiont.net/jccook";

Pr ot ocol Socket Fact ory socket Factory =

new EasySSLPr ot ocol Socket Factory( );
Protocol https = new Protocol ( "https", socketFactory, 443);
Prot ocol . regi sterProtocol ( "https", https );

Ht t pMet hod net hod = new Get Met hod( url );

cl i ent.execut eMet hod( nethod );

String response = net hod. get ResponseBodyAsString( );
System out. println( response );

nmet hod. r el easeConnecti on( );

met hod. recycl e( );

This executes and accepts the self-signed certificate from peri cl es. synbi ont . net :

Wrd up, this page was served using SSL!

11.15.3. Discussion

EasySSLPr ot ocol Socket Fact ory and EasyX509Tr ust Manager can be obtained from HttpClient's CVSinthesrc/contrib
directory. If you do not want to checkout the source code from CV'S, you can also obtain these two classes from
ViewCVSoncvs. apache. or g. HttpClient's CV S repository can be accessed at
http://cvs.apache.org/viewcvs.cgi/jakarta-commong/httpclient/, and the two classes arein the

src/contri b/ org/ apache/ commons/ htt pcli ent/ contrib/ssl directory. To use these classes, you must integrate them
into your own project, customizing the behavior of these classes as you seefit.

EasySSLPr ot ocol Socket Fact ory USeS the EasyX509Tr ust Manager to validate a certificate. To customize the criteriafor
certificate acceptance and alter the implementation of EasyX509Tr ust Manager . For example, if you only want to accept a
certificate from a specific hostname, change the implementation of thei sSer ver Trust ed() method in

EasyX509Tr ust Manager .

11.15.4. See Also

In the same package as Easy SSLPr ot ocol Socket Fact ory and EasyX509Tr ust Manager iS an implementation of
SSLPr ot ocol Socket Fact ory named St ri ct SSLPr ot ocol Socket Fact or y, which makes sure that the hostname of the SSL
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server matches the hostname of the SSL certificate. For more information, go to HttpClient's CV S repository
(http://cvs.apache.org/viewcvs.cgi/jakarta-commons/httpclient/) and download St ri ct SSLPr ot ocol Socket Fact ory from
thissrc/ contri b/ or g/ apache/ conmons/ ht t pcl i ent/ contri b/ ssl directory.

11.16. Obtaining Jakarta Slide

Warning
Slide has died. While this section remains in the book, you should know that it will soon be replaced with a
section devoted to Apache Jackrabbit: the successor to Jakarta Slide.

11.16.1. Problem
Y ou need to use Jakarta Slide to access a Web-based Distributed Authoring and Versioning ( WebDAV) resource.

11.16.2. Solution
To use Jakarta Slide 2.1 in aMaven 2 project, add the following dependency to your project's pom xni :

Example 11.3. Adding a Dependency on Slide

<dependency>
<gr oupl d>sl i de</ gr oupl d>
<artifactld>slide-webdavlib</artifactld>
<versi on>2. 1</ versi on>

</ dependency>

If you are not sure what this means, 1'd suggest reading Maven: The Definitive Guide. When you depend on alibrary in
Maven 2, all you need to do is add the dependency gr oupl d, arti f act I d, and ver si on to your project's dependencies.
Once you do this, Maven 2 will download the dependency and make it available on your project's classpath.

11.16.3. Discussion

WebDAYV, defined in RFC 2518, is an extension of HTTP/1.1, which supports distributed and collaborative authoring of
content. Using aWebDAYV client you can read, modify, copy, move, lock, and unlock resources, and you can read,
enumerate, and modify properties associated with resources and collections of resources. Resources made available with
WebDAYV can be mounted as filesystems in Windows XP/2000, Mac OS X, and Linux, and the DAV protocol can be
thought of as defining a filesystem built on top of HTTP/1.1. The WebDAYV protocal is at the core of a number of
distributed version control and content management systems.

Jakarta Slide extends Jakarta HttpClient implementing Ht t pvet hod for the methods introduced by the WebDAV protacol.
For example, the LockMet hod inthe or g. apache. webdav. | i b. met hods package is an instance of Ht t pMet hod from Jakarta
HttpClient, and just as WebDAYV is an extension of HTTP/1.1, Jakarta Slide is an extension of Jakarta HttpClient. When
dealing with authentication, cookie management, or redirects, you can configure Jakarta Slide the same way you would
configure Jakarta HttpClient; to use Slide, you must create an instance of Htt pd i ent .
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11.16.4. See Also

For more information about the Jakarta Slide project... don't even bother. The dlide project expired years ago. Please don't
learn more about Slide just wait until this book is updated with content about Apache Jackrabbit. Sorry.

It isfar beyond the scope of this book to fully describe WebDAV, and attempting to do so in one or two recipes would not
doit justice. WebDAYV, like the protocal it extends, has the potential to transform the way people think about content
creation, file sharing, and version control. To learn more about WebDAV, see the following resources:

* RFC 2518 (HTTP Extensions for Distributed Authoring—WEBDAYV) at
http://www.zvon.oro/tmRFC/RFC2518/Output/index.html.

* http://www.webdav.org isahub for the WebDAV community. If you are interested in learning about WebDAV and
anumber of related specifications, see http://www.webdav.org/specy. For alist of software products that support
WebDAYV, see http://www.webdav.org/projects/.

» Subversionisagreat replacement for CV S from the Tigris community. Y ou can configure Apache 2.0 to expose a
Subversion repository viathe WebDAV/DeltaV protocol using mod_dav_svn. For more information about
Subversion and mod_dav_svn, see http://subversion.tigris.org or Version Control with Subversion by Ben
Callins-Sussman, Brian W. Fitzpatrick, and C. Michael Pilato (O'Reilly).

If you would like to set up your own WebDAYV resource, | recommend installing the Apache HTTP Server with mod_dav.
More information about installing "The Number One HTTP Server on the Internet" can be found at
http://httpd.apache.org/. Information about configuring mod_dav can be found at
http://httpd.apache.org/docs-2.0/mod/mod_dav.html. The Jakarta Tomcat 5.0 distribution is bundled with aweb
application that exposes a resource using a WebDAYV servlet. To download and install Jakarta Tomcat 5.0, see
http://jakarta.apache.org/tomcat/.

11.17. Connecting to WebDAYV Resources

Warning
Slide has died. While this section remains in the book, you should know that it will soon be replaced with a
section devoted to Apache Jackrabbit: the successor to Jakarta Slide.

11.17.1. Problem
Y ou need to connect to a WebDAYV resource and list the contents of a collection. Aswith most WebDAV resources, you
need to supply authentication information.

11.17.2. Solution

Create an instance of webdavResour ce, passing in a URL and aUser nanePasswor dCr edent i al object. List the contents of
aWebDAYV collection by calling thel i st webdavResour ces() method. The following example demonstrates the use of
WebdavResour ce to list the contents of a WebDAYV collection:

i mport org.apache. commons. httpclient. Credenti al s;
i mport org.apache. conmons. httpclient. Htpdient;
i mport org.apache. conmons. httpclient. H tpException;
i mport org.apache. conmons. httpclient. User nanePasswor dCr edent i al s;
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i mport org. apache. commons. | ang. StringUtil s;

i mport org.apache. conmons. | ang. ti ne. Fast Dat eFor mat ;
i mport org.apache. webdav. | i b. WebdavResour ce;
Htpdient client = new HtpCient( );

String url = "http://ww. di scursive. conljccook/dav/";
Credentials credentials =
new User nanePasswor dCr edenti al s("davuser", "davpass");

/] List resources in top directory
WebdavResour ce resource = new WebdavResource(url, credential s);
WebdavResour ce[] resources = resource. |l istWbdavResources( );

Systemout.println( "type nane si ze type" +
" nodi fi ed");
Systemout.printin( "------------------“~----“-“------ - Tod
Messsccosmoooccsocooooooooas ")
for( int i =0; i < resources.length; i++ ) {
WebdavResource item = resources[i];
String type;
if( itemisCollection( ) ) {
type = "dir";
} else {
type = "file";
}

Systemout.print( StringUtils.rightPad( type, 6 ) );
Systemout.print( StringUtils.rightPad( itemgetNanme( ), 15 ) );
Systemout.print( StringUils.rightPad( item getCetContentlLength( )
yr8) )
Systemout.print( StringWils.rightPad( item getGet ContentType( ),
23) );
Date | ast Mod = new Date( item get Get Last Modified( ) );
System out . print (

StringUtils.rightPad(

Fast Dat eFor mat . get I nstance( ).format( lastMd ), 25 ));

Systemout.print( "\'n" );

}

The program connects to a WebDAV resource using the credentials supplied to the constructor of WwebdavResour ce. It lists
the contents of a collection and produces the following output:

type nane si ze type nodi fi ed

file test.htnl 14 text/htm 5/6/04 12:16 AM
file index.htm 14 text/htm 5/5/04 11:59 PM
dir t est 0 htt pd/ uni x-di rectory 5/6/04 12:01 AM

11.17.3. Discussion

Jakarta Slide is built on top of Jakarta HttpClient, but you will notice that this recipe did not involve the execution of an

Ht t pMet hod. Thisis because webdavResour ce manages the complexity of working with an instance of Ht t pd i ent behind
the scenes. The only trace of Ht t pdl i ent iSthe User nanePasswor dCr edent i al s object that is passed to the constructor of
WebdavResour ce. Because Jakarta Slide is built on top of Jakarta HttpClient, almost any feature of Jakarta HttpClient
translates directly to Jakarta Slide. If you need to access a WebDAYV repository over SSL with a self-signed certificate, or
if you need to alter the cookie policy, you can use the same facilities that are available to you when you are using

Htt pd i ent directly.
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11.18. Modifying a WebDAYV Resource

Warning
Slide has died. While this section remains in the book, you should know that it will soon be replaced with a
section devoted to Apache Jackrabbit: the successor to Jakarta Slide.

11.18.1. Problem
Y ou need to modify aWebDAYV resource.

11.18.2. Solution

Usethe put Met hod( ) on WebdavResour ce, and be sure to lock and unlock the resource before and after modification. The
following example demonstrates the use of | ockMet hod( ) , put Met hod( ), and unl ockMet hod( ) to modify aresource:

i mport org.apache. commons. httpclient. Credenti al s;
i mport org. apache. conmons. httpclient. HtpCient;
i mport org.apache. conmons. httpclient. Ht pException;
i mport org.apache. conmons. httpclient. User nanePasswor dCr edent i al s;
i mport org.apache. webdav. | i b. WebdavResour ce;

String url = "http://ww. di scursive.conljccook/dav/test.htm";
Credentials credentials =
new User nanmePasswor dCr edenti al s("davuser", "davpass");

/] List resources in top directory
WebdavResour ce resource = new WehbdavResource(url, credentials);
/1 Lock the Resource for 100 seconds
bool ean | ocked = resource. | ockMet hod( "tobrien", 100 );
if( locked ) {
try {
/! Read content as a String
String resourceData = resource. get Met hodDat aAsString( );

/1l Mdify a resource
Systemout.println( "*** Mdifying Resource");

resourceData = resourceData.replaceA |l ( "test", "nodified test" );
resour ce. put Met hod( resourcebData );
} finally {

/1 Unl ock the resource
resour ce. unl ockMet hod( );

}

/] C ose the resource
resource. cl ose( );

11.18.3. Discussion

| ockMet hod( ) accepts an owner and atimeout; the owner isthe owner of the lock, and the timeout is the timeout of the
lock in number of seconds. When locking aresource, the | ockMet hod( ) will return abool ean value: t r ue if the lock was
granted and f al se if the lock was not granted. Ther esour ce. put Met hod( ) was called with ast ri ng object, but it can
also beinvoked when abyt e[ ], | nput St ream Of Fi | e. put Met hod( ) returnsabool ean value: t r ue if the put was
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successful; otherwise, f al se. Theunl ockMet hod( ) unlocks the resource and makes it available for other clientsto lock,
modify, and unlock.

11.18.4. See Also

Section 7 of RFC 2518 (HTTP Extensions for Distributed Authoring—WEBDAYV) discusses the various types of write
locks available in WebDAV . This RFC is available at http://www.zvon.org/tmRFC/RFC2518/Output/chapter7.html.

The Slide recipesin this chapter are only meant as a brief introduction to WebDAV. If you would like to learn more about
how to work with properties, create collections, and search aWebDAYV repository, please see the Jakarta Slide project
page at http://jakarta.apache.org/slide.
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Chapter 12. Searching and Filtering

12.1. Introduction

XPath isapopular way to select nodes from an XML document. If you are working with asingle XML document or a
series of XML documentsin an XML Database— such as Apache Xindice—XPath is used to query, address, and filter
XML content. Commons JX Path allows you to use an X Path query to address objectsin a collection or properties of a
bean. JXPath is an unconventional application of an XML standard to Java objects, which allows you to quickly select
objects from a col | ect i on without the need for an I t er at or and a comparison. For example, if you had aLi st of Person
objects with an age property, you could select all of the people older than 10 by passing the expression / per son[ @ge >
10] to aJxrat hCont ext . JXPath implements a large subset of the XPath specification, and JXPath expressions can be
applied to awide array of objects, beans, Document Object Model (DOM) Documents, collections, and maps. This
chapter shows you how to use Commons JX Path to search and filter objects in a collection.

A system will frequently need to search for and identify occurrences of text in alarge set of documents. To accomplish
this, you will use atool, such as Apache Lucene, to create a searchable index of terms. For example, if you've used an
IDE, such as Eclipse, you may find yourself searching for all of the occurrences of the text "testVariable" in your
workspace. Eclipse can quickly perform any number of complex searches, and when it does, it is using Apache Luceneto
index and search every file. Apache Lucene is avery efficient search engine that can be used to search a set of documents
for terms and phrases and analyze the frequency of terms within a set of documents. L ucene offers a complex query
syntax, which alows for compound queries and term matching using proximity and wildcards. This chapter combines

L ucene with Commons Digester to create atool to search a set of XML documents.

12.1. Obtaining Commons JXPath

12.1.1. Problem
Y ou need to use Commons JXPath to select objects from a Col | ect i on using X Path syntax.

12.1.2. Solution

To use Commons JXPath in aMaven 2 project, add the following dependency to your project's pom xm :

Example 12.1. Adding a Dependency on Commons JXPath

<dependency>
<gr oupl d>comuons- j xpat h</ gr oupl d>
<artifactld>commons-j xpat h</artifactld>
<ver si on>1. 3</ ver si on>

</ dependency>

If you are not sure what this means, 1'd suggest reading Maven: The Definitive Guide. When you depend on alibrary in
Maven 2, all you need to do is add the dependency groupl d, arti fact I d, and ver si on t0 your project's dependencies.
Once you do this, Maven 2 will download the dependency and make it available on your project's classpath.
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12.1.3. Discussion

Commons JX Path provides a mechanism for evaluating XML Path Language (X Path) expressions against objects and
various data structures in Java. This unconventional application of XPath to objects enables a devel oper to traverse,
address, and filter specific nodes or locations in a complex object graph. This chapter details afew of the waysin which
JXPath can be used to search, select, and filter objects.

12.1.4. See Also

For more information about Commons JX Path, see the Commons JX Path project page at
http://commons.apache.org/jxpath. For more information about X Path, see the official W3C X Path recommendation at
http://www.w3.org/TR/xpath.

12.2. Querying an Object Graph with XPath

12.2.1. Problem

Y ou need to retrieve nested bean properties using an XPath expression. Y ou need to perform an XPath query on an object
graph.

12.2.2. Solution

Use Commons JX Path to evaluate an X Path expression against an object graph. JXPath treats nested bean properties asif
they were nested elementsin an XML document; using JXPath, the expression a/ b/ ¢ isthe equivalent of get A( ). get B(
). get ¢( ). Create aJXPat hCont ext by passing an object to JXPat hCont ext . newCont ext ( ), and retrieve the value of a
nested property by passing an X Path expression to the get Val ue( ) method on JxPat hCont ext . The following example

creates an object graph rooted on aLeague object and retrieves nested properties using two X Path expressions:

i mport org. apache. conmons. j xpat h. JXPat hCont ext ;
/Il Create an Obj ect graph

League | eague = new League( );

Team t eam = new Tean{ );

| eague. get Teans( ).add( team);

t eam set Coach( new Person( "Coach Bob" ) );

team get Pl ayers( ).add( new Person( "Player Charlie" );
t eam get Pl ayers( ).add( new Person( "Player Ted" );
team get Pl ayers( ).add( new Person( "Player Bart" );
Team tean2 = new Team( );

| eague. get Teans( ).add( teanR );

t ean®. set Coach( new Person( "Coach Susan" );

t eanR. get Pl ayers( ).add( new Person( "Player Jini );

/1l Query for the coach of a specific player.

JXPat hCont ext cont ext = JXPat hCont ext.newCont ext ( | eague );
Systemout.println( "** Retrieve the first nane of Ted's coach");
String xpath = "teans/players[firstNane = 'Player Ted']/../coach/firstName";
bj ect val ue = context.getValue( xpath );

System out . println( value );

/'l Query for the players of a specific coach

cont ext = JXPat hCont ext . newCont ext ( | eague );

Systemout.println( "** Retrieve the players on Coach Susan's teant);
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val ue = context.getVal ue( "teans/coach[firstName = ' Coach Susan']/../players" );
System out. println( value );

This example creates a League with two Teamobjects stored in aLi st . Each Teamobject has acoach property of type
Per son, and apl ayer s property, which isaLi st of Per son objects. A JxPat hCont ext is created by passing | eague to
JXPat hCont ext . newCont ext (), and two XPath queries are executed by passing query stringsto get Val ue( ). Thefirst
XPath query returnsthefi r st Nane of Ted's coach, and the second XPath query returnsthe pl ayer s Li st of the team
Susan coaches. This example produces the following output:

Retrieve the first nane of Ted's coach

Coach Bob

Retrieve the players on Coach Susan's team

[ com di scursi ve. jccook. xm . j xpat h. Per son@73831b]

12.2.3. Discussion

XPath is generaly used by select nodesin an XML document, and you may have used it to transform XML with
Extensible Stylesheet Language Transformations (XSLT). In this example, XPath is used in a somewhat unconventional
manner as aquery to filter and select objects based on the values of deeply nested properties. The first
query—teams/player  firsthame = "Player Ted']/../coach/firstName —is evaluated using the League object as the current
node, and if one were to evaluate the X Path expressions self( ) or ., you would retrieve the League object passed to
newCont ext () . When the previous example retrieved the first name of Ted's coach, JXPath iterated through the t eam
Li st, and located the matching Pl ayer and Coach object. The execution of the first X Path expression in the previous
example is equivalent to the following code, which iterates through the Teamand Pl ayer lists:

String firstNanme = nul |
Iterator teamterator = | eague. get Teans( ).iterator( );
while( teamiterator.hasNext( ) ) {
Team team = (Tean) teamlterator.next( )
Iterator playerlterator = teamgetPlayers( ).iterator( );
whil e( playerlterator. hasNext( ) ) {
Pl ayer player = (Player) playerlterator.next( );
i f( player.getFirstNanme( ).equal s( "Player Ted" ) ) {
firstName = team get Coach( ).getFirstNanme( );
}

}

The ability to filter a complex object graph with a simple expression can help you avoid writing tedious code to iterate
through doubly nested collections to compare property values.

12.2.4. See Also

Commons JX Path can aso be used to reference objects at a specificindex inaLi st or an array, or objects by a known
key in amap. Recipe 12.4 demonstrates how to use JXPath to reference itemsin avap, and Recipe 12.3 demonstrates the
use of JXPath to reference an item at a specific index inalLi st.

12.3. Search a Collection of Simple Objects
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12.3.1. Problem
Y ou heed to select objectsfrom acol | ect i on using X Path predicates.

12.3.2. Solution

Use Commons JX Path to select objects from aCol | ecti on using predicates in XPath expressions. Theiterate( )
method on JXPat hCont ext takes an XPath expression and returnsan | t er at or that contains each node satisfying that
expression. The following example uses simple X Path predicates to select Per son objects from aLi st by age, first name,
and position:

i mport org.apache. conmons. j xpat h. JXPat hCont ext ;
// Create a List of Person objects
Li st people = new ArrayList( );
peopl e. add( new Person("Ahmad", "Russell", 28 );
peopl e. add( new Person("Ton{, "Russell", 35 );
peopl e. add( new Per son("Ahmad", "Abuzayedeh", 33 );
/1 Select all people older than 30
Systemout.println( "** People older than 30");
JXPat hCont ext cont ext = JXPat hCont ext. newCont ext( people );
Iterator iterator = context.iterate(".[ @ge > 30]");
pri nt Peopl e(iterator);
/1l Select all people with a first nane of 'Ahnad'
cont ext = JXPat hCont ext . newCont ext ( people );
Systemout.println( "** People with first name ' Ahmad' " );
iterator = context.iterate(".[@irstNane = ' Ahmad' | ");
print Peopl e(iterator);
/1 Sel ect the second person fromthe List
cont ext = JXPat hCont ext . newCont ext ( peopl e );
Systemout.println( "** Third Person in List" );
Person p = (Person) context.getValue(".[2]");
Systemout.println( "Person: " + p.getFirstNane( ) +
", age: " + p.getAge( ) );
// A nethod to print out the result of each iteration.
private void printPeople(lterator iterator) {
while( iterator.hasNext( ) ) {
Person p = (Person) iterator.next( );
Systemout.println( "Person: " + p.getFirstNane( ) +

" " + p.getLastNanme( ) + ", age: " + p.getAge( ) );

+ p.getlLastName( ) +

A JXxPat hCont ext iscreated by passing aLi st to newCont ext ( ), and each expression is evaluated through acall to
context.iterate(). Threeexpressions are evaluated, and the results of each expression are printed in the pri nt Peopl e(
) method:

** Peopl e ol der than 30

Person: Tom Russell, age: 35
Person: Ahmad Abuzayedeh, age: 33
** People with first nane ' Ahnad'
Person: Ahmad Russell, age: 28
Person: Ahmad Abuzayedeh, age: 33
** Second Person in List

Person: Tom Russel |, age: 35
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12.3.3. Discussion

The final expression in the previous example is areference to aspecificindex inalLi st ; . [ 2] selected the second element
intheLi st supplied to the JxPat hcont ext . Whenever an XPath expression deals with a property, whichisaLi st or an
array, aone-based index can be supplied in brackets after the name of the property. If aLeague object containsalLi st of
Teamobjects, and a Teamaobject containsaLi st of Pl ayer objects, thethird Pl ayer object of the fourteenth Teamcan be
selected by using the XPath expression | eague/ t eans[ 14] / pl ayer s[ 3] .

In the previous example, which filtered aLi st of Per son objects, you might have noticed that the properties age and
first Nanme are referenced as attributes in the X Path predicate expression. A property can be referenced either as an
element or an attribute. In XPath terms, when JX Path resolves properties on an object, thechil d and at t ri but e axis both
reference properties. This means that the expressions. [ @ge > 30] and.[age > 30] would return the same results, as
age can be addressed as a child element or attribute of the current node.

iterate( ) returnsan|terator that letsyou iterate over all nodes that satisfy the given XPath query. get Val ue( )
returns the first matching result. In the previous example, it erat e( ) retrievestwo Per son objects with an age property
greater than 30. If the same expression were evaluated with get val ue( ), only one Per son object would have been
returned: Tom Russell. Useiterate( ) when multiple nodes may match an XPath expression.

12.3.4. See Also

Chapter 5 demonstrates the use of Commons Collections Col | ecti onUti | s to select itemsinacol | ecti on that satisfy a
Pr edi cat e. For more information about using Pr edi cat e objects to filter collections, refer to Recipe 5.4.

12.4. Applying XPath Queries to Complex Object Graphs

12.4.1. Problem

Y ou need to use XPath expressions to select objects from a complex object graph referencing the contents of a map and
using expressions with variable references.

12.4.2. Solution

Use Commons JX Path to select objects from a collection using XPath queries. The following example uses Commons
Digester to parse an XML file into an object graph, and selects Pl anet objects with aradius greater than 5000:

i mport org.apache. commons. di gest er. Di gest er;
i nport org. apache. conmons. di gester. xm rul es. Di gest er Loader ;
i mport org. apache. conmons. j xpat h. JXPat hCont ext ;
Li st planets = new ArrayList( );
/1l Parse Planet XML into a List of Planet objects
| nput St ream i nput = getd ass( ).get ResourceAsStream("./planets.xm");
URL rules = getC ass( ).getResource("./planet-digester-rules.xm");
Di gester digester = DigesterLoader. createDi gester(rules);
di gest er. push(pl anet s) ;
di gester. parse( input );
[/l Select all planets with a radius greater than 5000
Systemout.println( "Planet Nane where radi us > 5000");
JXPat hCont ext cont ext = JXPat hCont ext. newCont ext ( pl anets );
Iterator iterator = context.iterate(".[ @adi us > 5000]/ nanme");
while( iterator.hasNext( ) ) {

hject o = (Object) iterator.next( );
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Systemout.println( "Cbject: " + 0);

The Pl anet objects are filtered and the names of planets with sufficient radii are printed to the console:

Pl anet Nane where radi us > 5000
hj ect: Venus
bj ect: Saturn

This object graph was created from an XML document that contains alist of planets and their physical properties
including mass, radius, atmospheric composition, lunar population, and orbital distance and period. Commons Digester
(from Chapter 6) is used to parse this XML document to alist of Pl anet objects. The following XML document,

pl anet s. xnl , was parsed in the previous example:

<pl anet s>
<pl anet name="Venus" mass="4.869e+24" radi us="6051.8">
<orbit distance="108200000" period="224.701"/>
<at nbspher e neanTenp="482" pressure="92">
<conponent synbol =" CR" percent age="96"/>
<conmponent synbol ="N' percent age="3"/>
<conponent synbol ="CQ her" percentage="1"/>
</ at nospher e>
</ pl anet >
<pl anet name="Mars" mass="6.421e+23" radi us="3397.2">
<orbit distance="227940000" peri od="686.98"/>
<at nosphere neanTenp="-63" pressure="0.007">
<conponent synbol =" CXR" percent age="95. 32"/ >
<conponent symbol ="N2" percentage="2.7"/>
<component synbol ="Ar" percentage="1.6"/>
</ at nospher e>
<nmoon>Phobos</ noon>
<rmoon>Dei nos</ noon>
</ pl anet >
<pl anet nanme="Saturn" nmass="5.688e+26" radi us="60268">
<orbit distance="1429400000" peri od="29.458"/>
<at nosphere neanTenp="-125" pressure="1.4">
<component synbol ="H' percentage="97"/>
<conmponent synbol ="He" percentage="3"/>
</ at nospher e>
<nmoon>Pan</ noon>
<moon>At | as</ moon>
<nmoon>Pr onmet heus</ noon>
<nmoon>Pandor a</ noon>
<rmoon>Epi met heus</ noon>
<nmoon>Janus</ nmoon>
<moon>M mas</ nmoon>
</ pl anet >
</ pl anet s>

To parse this XML document, the following Digester rules are passed to bi gest er Loader . creat eDi gester () . This
digester rule-set creates a Pl anet , Or bi t, and At nospher e object for each planet. Moon objects are created and added to
Pl anet objects using the addmvbon( ) method on PI anet . Individual compounds in an atmosphere are added to an

At nospher e'Sconponent Map using addConponent () . The following XML document contains the contents of the

pl anet - di gest er-rul es. xm file used in the previous example:

<di gester-rul es>
<pattern val ue="pl anet s/ pl anet " >
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<obj ect-create-rul e cl assnanme="Pl anet"/ >
<set-properties-rule/>
<pattern val ue="orbit">
<obj ect-create-rul e classnane=" Obit"/>
<set-properties-rule/>
<set-next-rul e met hodnane="setOrbit" parantype=" Obit"/>
</ pattern>
<pattern val ue="at nosphere">
<obj ect-create-rul e cl assnane="At nosphere"/ >
<set-properties-rule/>
<pattern val ue="conmponent" >
<cal | - met hod- rul e net hodnane="addConponent" par antount ="2"
par ant ypes="j ava. | ang. Stri ng, j ava. | ang. Doubl e"/ >
<cal | -paramrul e attrnanme="synbol" paramunber="0"/>
<cal | -paramrul e attrnane="percentage" paramunber="1"/>
</ pattern>
<set - next-rul e net hodnane="set At nospher e"
par ant ype=" At nosphere"/ >
</ pattern>
<cal | - net hod-rul e pattern="noon" methodnane="addMoon"
par amt ypes="j ava. | ang. Stri ng" paranctount="0"/>
<set - next -rul e nmet hodname="add" parantype="java.l ang. Obj ect"/>
</ pattern>
</ di gest er-rul es>

12.4.3. Discussion

XPath expressions can be parameterized by referencing a variable name: $vari abl e. The following example references a
variable $roonNarre, which is populated by calling decl arevari abl e( ) ONncont ext. get Vari abl es( ):

Systemout.println( "Planet Name where a noon i s nanmed Dei nbs");
cont ext . get Vari abl es( ). decl areVari abl e(" noonNane", "Dei nos");
iterator = context.iterate("./nmoons[. = $noonNane]/../nanme");
while( iterator.hasNext( ) ) {
String nane = (String) iterator.next( );
Systemout.println( "Planet Namet: " + nane);
}

This example selects the name of a planet with amoon named "Deimos." The results of the previous example are printed
below:

Pl anet Nane where a noon i s naned Dei nbs
Pl anet Nanet: Mars

Pl anet . get At rosphere( ). get Conponent s( ) returns avap with element symbols as keys. The following example
selects every planet with more than a 2% Helium atmosphere:

System out. println( "Planet where Helium percentage greater than 2");
iterator = context.iterate("./atnosphere/conponents/He[.>2]/../../..");
while( iterator.hasNext( ) ) {

Planet p = (Planet) iterator.next( );

Systemout.println( "Planet: " + p.getName( ));

To select every planet with more than a 2% Helium atmosphere, the X Path expression in the previous example references
aspecific key in the components vap asif it were a nested element. conponent s/ He[ . >2] will evaluatetotrue if
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get Conponent s( ). get ("He") isanumber larger than 2. The previous code determines that Saturn is the only one of
these three planets with more than 2% Helium:

Pl anet where Hel i um percentage greater than 2
Pl anet: Saturn

The following example prints alist of each moon and the corresponding planet using areference to avariable in an XPath
expression:

Systemout.printin( "All of the Moon Nanes");
iterator = context.iterate("./noons");
while( iterator.hasNext( ) ) {
String nmoon = (String) iterator.next( );
cont ext . get Vari abl es( ). decl areVari abl e( " nmoonNane", noon);
String planet =
(String) context.getValue("./mons[. = $noonNane]/../nane");
Systemout.println( "Mon: " + nmoon + ", \t\t\tPlanet: " + planet);

}

The previous example shows that a JxPat hCont ext can be reused. This example iterates through each moon and finds the
name of the planet corresponding to each moon using the results of the first expression to populate avariable in the
second expression. The XPath expression, . / moons[. = $nmoonNare] /. . / nane, contains a reference to the variable
$nmoonNane, Which is set by passing a variable name and value to the decl ar evari abl e( ) method on JXPat hCont ext .
This example prints each moon and planet to the console as follows:

Al of the Mon Nanes

Moon: Phobos, Pl anet: Mars
Moon: Dei nps, Pl anet: Mars
Moon: Pan, Pl anet: Saturn
Moon: Atl as, Pl anet: Saturn
Moon: Pronet heus, Pl anet: Saturn
Moon: Pandor a, Pl anet: Saturn
Moon: Epi nmet heus, Pl anet: Saturn
Moon: Janus, Pl anet: Saturn
Moon: M mas, Pl anet: Saturn

12.4.4. See Also

There is much more to JXPath including object creation and the ability to set properties using X Path expressions; for more
information about using JXPath to access maps, collections, servlet contexts, and DOM/JDOM Documents, see the
JXPath User's Guide (http://commons.apache.org/jxpath/users-guide.html).

12.5. Obtaining Lucene

12.5.1. Problem
Y ou need to use Lucene to create a searchable index of documents.

12.5.2. Solution
To use Lucenein aMaven 2 project, add the following dependency to your project's pom xm :
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Example 12.2. Adding a Dependency on L ucene

<dependency>
<gr oupl d>or g. apache. | ucene</ gr oupl d>
<artifactld>l ucene-core</artifactld>
<versi on>1. 9. 1</ ver si on>

</ dependency>

If you are not sure what this means, I'd suggest reading Maven: The Definitive Guide. When you depend on alibrary in
Maven 2, all you need to do is add the dependency gr oupl d, arti f act I d, and ver si on t0 your project's dependencies.
Once you do this, Maven 2 will download the dependency and make it available on your project's classpath.

12.5.3. Discussion

Luceneis afull-text search engine that can be used to index any information. Lucene maintains an index of Document
objects that can contain any number of fields, and thisindex can be searched using a highly developed query language.

12.5.4. See Also

For more information on the Lucene project, see the Lucene project page at http://lucene.apache.org/.

12.6. Creating an Index of XML Documents

12.6.1. Problem

Y ou need to quickly search a collection of XML documents, and, to do this, you need to create an index of terms keeping
track of the context in which these terms appear.

12.6.2. Solution

Use Apache Lucene and Commons Digester and create an index of Lucene Docunent objects for the lowest level of
granularity you wish to search. For example, if you are attempting to search for speeches in a Shakespeare play that
contain specific terms, create a Lucene bocurent object for each speech. For the purposes of this recipe, assume that you
are attempting to index Shakespeare plays stored in the following XML format:

<?xm version="1.0"7?>
<PLAY>
<TITLE>AI|'s Well That Ends Well </ Tl TLE>
<ACT>
<TI TLE>ACT | </ Tl TLE>
<SCENE>
<TI TLE>SCENE |. Rousillon. The COUNT's pal ace. </ Tl TLE>
<SPEECH>
<SPEAKER>COUNTESS</ SPEAKER>
<LINE>In delivering my son fromnme, | bury a second husband. </ LI NE>
</ SPEECH>
<SPEECH>
<SPEAKER>BERTRAM</ SPEAKER>
<LINE>And | in going, nadam weep o'er ny father's deat h</LIl NE>
<LI NE>anew. but | rnust attend his majesty's command, to</LINE>
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<LI NE>whom | am now i n ward, evernore in subjection.</LIlNE>
</ SPEECH>
</ SCENE>
</ ACT>
</ PLAY>

The following class creates a Lucene index of Shakespeare speeches, reading XML filesfor each play in the
./ dat a/ Shakespear e directory, and calling the Pl ayl ndexer to create Lucene Docunent objects for every speech. These
Docunent objects are then written to aLuceneindex using an | ndexWi ter :

i mport java.io.File;
i mport java.io.FilenaneFilter;
i mport org. apache. | og4j . Logger;
i mport org.apache. |l ucene. anal ysi s. st andar d. St andar dAnal yzer ;
i nport org. apache. | ucene. i ndex. | ndexWiter;
i mport org.apache.oro.io.d obFil enaneFilter;
File dataDir = new Fil e("./datal/shakespeare");
| ogger.info( "Looking for XM. files in "
FilenameFilter xm Filter = new A obFilenanmeFilter( "*.xm" );
File[] xmMFiles = dataDir.listFiles( xmFilter );
| ogger.info( "Creating |Index");
I ndexWiter witer = new | ndexWiter("index",
new Si npl eAnal yzer( ), true);

Pl ayl ndexer pl ayl ndexer = new Pl ayl ndexer( writer );
pl ayl ndexer.init( );
for (int i =0; i <xmFiles.length; i++) {

pl ayl ndexer. i ndex(xm Files[i]);
}

witer.optimze( );
writer.close( );
| ogger.info( "Parsing Conplete, Index Created");

The Pl ayl ndexer class, shown in Example 12-1, parses each XML file and creates Docunent objects that are written to an
IndexWiter. ThePl ayl ndexer uses Commons Digester to create a Lucene Docunrent object for every speech. Thei ni t (
) method creates aDi gest er instance designed to interact with an inner class, Di gest Cont ext , which keeps track of the
current context of a speech—pl ay, act, scene, speaker —and the textual contents of aspeech. At the end of every speech
element, the bi gest Cont ext invokesthe processSpeech( ) method that creates a L ucene bocurrent for each speech and
writes this Docunent to the Lucenel ndexW it er . Because each Docunent is associated with the specific context of a
speech, it will be possible to obtain a specific location for each term or phrase.

Example 12-1. Playl ndexer using Commons Digester and Apache L ucene

package com di scursi ve. j ccook. xm . bar dsear ch;
i mport java.io.File;
i mport java.io.| OExcepti on;
i mport java. net. URL;
i nport org. apache. conmons. di gest er. Di gester;
i mport org.apache. commons. di gest er. xm rul es. Di gest er Loader ;
i nport org.apache. | og4j . Logger;
i mport org. apache. | ucene. docunent . Docunent ;
i mport org. apache. | ucene. docunent. Fi el d;
i nport org.apache. | ucene. i ndex. | ndexWiter;
i mport org.xm .sax. SAXExcepti on;
i mport com di scursive.jccook.util.Loglnit;
public class Playlndexer {

private static Logger |ogger =

Logger . get Logger ( Pl ayl ndexer. cl ass );
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static { Loglnit.init( ); }

private IndexWiter indexWiter;

private D gester digester;

private Di gest Context context;

public Pl ayl ndexer (|l ndexWiter plndexWiter) {
i ndexWiter = plndexWiter;

}

public void init( ) {
URL pl ayRul es =
Pl ayl ndexer. cl ass. get Resour ce("pl ay-di gester-rul es. xm ") ;
di gester = Di gest erLoader. createbDi gester( playRules );

}

public void index(File playXm ) throws | OException, SAXException {
context = new Di gest Context( );
di gester. push( context );
di gester. parse( playXm );
| ogger.info( "Parsed: " + playXn .getAbsol utePath( ) );

public voi d processSpeech( ) {
Docunment doc = new Docunent ( );
doc. add(Fi el d. Text ("pl ay", context.playTitle));
doc. add(Fi el d. Text ("act", context.actTitle));
doc. add(Fi el d. Text ("scene", context.sceneTitle));
doc. add( Fi el d. Text ("speaker", context.speaker));
doc. add(Fi el d. Text ("speech",
new StringReader ( context.speech.toString( ) )));

try {

i ndexW i ter.addDocunent ( doc );
} catch( 1 CException ioe ) {

| ogger.error( "Unable to add docunent to index", ioe);
}

public class D gest Context {

File playXm File;

String playTitle, actTitle, sceneTitle, speaker;

StringBuffer speech = new StringBuffer( );

public void setActTitle(String string) { actTitle = string; }
public void setPlayTitle(String string) { playTitle = string; }
public void setSceneTitle(String string){ sceneTitle = string;}
public void setSpeaker(String string) { speaker = string; }
public void appendLi ne(String pLine) { speech. append( pLine ); }
public void speechEnd( ) {

processSpeech( );

speech. del ete( 0, speech.length( ) );

speaker = "";

Example 12-1 used a Digester rule set defined in Example 12-2. This set of rulesis designed to invoke a series of methods
in a set sequence to populate the context variables for each speech. The Digester rules in Example 12-2 never push or pop
objects onto the digester stack; instead, the Digester is being used to populate variables and invoke methods on an object
that creates Lucene Docunent objects based on a set of context variables. This example uses the Digester as a shorthand
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Simple APl for XML (SAX) parser; the Pl ayl ndexer contains a series of callback methods, and the Digester rule set
simplifies the interaction between the underlying SAX parser and the Di gest Cont ext .

Example 12-2. Digester rulesfor Playl ndexer

<?xm version="1.0"?>
<di gester-rul es>
<pattern val ue="PLAY">
<bean- property-setter-rul e pattern="TI TLE"
propertynanme="pl ayTitle"/>
<pattern val ue="ACT">
<bean- property-setter-rul e pattern="TI TLE"
propertyname="actTitle"/>
<pattern val ue="PROLOGUE" >
<bean- property-setter-rul e pattern="TI TLE"
propertynane="sceneTitl e"/>
<pattern val ue="SPEECH"'>
<bean- property-setter-rul e pattern="SPEAKER"
propertynanme="speaker"/ >
<cal | - net hod-rul e pattern="LI NE"
met hodname="appendLi ne"
par ant ype="j ava. | ang. Stri ng"
par ancount =" 0"/ >
<cal | - met hod- rul e net hodnane="speechEnd"
par ant ype="j ava. | ang. Cbj ect"/ >
</ pattern>
</ pattern>
<pattern val ue="SCENE" >
<bean- property-setter-rul e pattern="TI TLE"
propertynane="sceneTitl e"/>
<pattern val ue=" SPEECH"'>
<bean- property-setter-rul e pattern="SPEAKER"
propertynanme="speaker"/ >
<cal | - net hod-rul e pattern="LI NE"
met hodname="appendLi ne"
par ant ype="j ava. | ang. Stri ng"
par ancount =" 0"/ >
<cal | - met hod- rul e net hodnane="speechEnd"
par ant ype="j ava. | ang. Cbj ect "/ >
</ pattern>
</ pattern>
</ pattern>
</ pattern>
</ di gest er-rul es>

12.6.3. Discussion

Inthisrecipe, an I ndexW it er was created with asi npl eAnal yzer. An Anal yzer takes a series of terms or tokens and
creates the termsto be indexed; different Anal yzer implementations are appropriate for different applications. A

Si npl eAnal yzer will keep every term in apiece of text, discarding nothing. A st andar dAnal yzer iSan Anal yzer that
discards common English words with little semantic value, such as "the," "a," "an," and "for." The St andar dAnal yzer
maintains alist of termsto discard—ast op 1i st. Cutting down on the number of terms indexed can save time and space
in an index, but it can also limit accuracy. For example, if one were to use the st andar dAnal yzer to index the play
Hamlet, a search for "to be or not to be" would return zero results, because every term in that phrase is a common English
word on St andar dAnal yzer 's stop list. In thisrecipe, aSi npl eAnal yzer isused because it keeps track of the occurrence
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of every term in a document.

What you end up with after running this example is adirectory named i ndex, which contains files used by Luceneto
associate terms with documents. In this example, aLucene Docurnent consists of the contextual information fully
describing each speech—"play," "act,” "scene," "speaker," and "speech.” Fi el d objects are added to Docunent objects
using Docunent 'saddDoc() method. The processSpeech() method in Pl ayl ndexer creates Lucene Docurent objects that
contain Fi el ds; Fi el d objects are created by calling Text ( ), astatic method on Fi el d. Thefirst parameter to Text ( ) is
the name of the field, and the second parameter is the content to be indexed. Passing a st ri ng as the second parameter to
Text () instructsthe | ndexWi t er to storethe content of afield in aLuceneindex; aFi el d created with astri ng can be
displayed in a search result. Passing aReader asthe second parameter to Text ( ) instructsthe | ndexw i t er not to store
the contents of afield, and the contents of afield created with a Reader cannot be returned in a search result. In the
previous example, the "speech” field is created with aReader to reduce the size of the Lucene index, and every other

Fi el d iscreated with a st ri ng so that our search results can provide a speech’s contextual coordinates.

12.6.4. See Also

Sure, you've created a L ucene index, but how would you search it? The index created in this recipe can be searched with
L ucene using techniques described in Recipe 12.7 and Recipe 12.8.

If you are indexing a huge database of English documents, consider using the St andar dAnal yzer to discard common
English words. If you are indexing documents written in German or Russian, L ucene ships with Ger manAnal yzer and
Russi anAnal yzer , which both contain stop word lists for these languages. For more information about these two
implementations of Anal yzer , see the Lucene JavaDoc at http://lucene.apache.org/java/l_9_ 1/api/index.html.

For more information about A pache Lucene, see the Lucene project web site at http://lucene.apache.org/.

This recipe uses the The Plays of Shakespeare, compiled by Jon Bosak. To download the complete works of Shakespeare
in XML format, see http://www.ibiblio.org/bosak/.

12.7. Searching for a Specific Term in a Document Index

12.7.1. Problem
Y ou need to identify which documents in a Lucene index contain specific terms or phrases.

12.7.2. Solution

Use an IndexSearcher to search a Lucene index created with IndexWriter. This recipe assumes that you have created a
Lucene index using the techniques shown in the previous recipe. The constructor of | ndexSear cher takes the name of a
directory that contains a Lucene index. A Query object can be created by passing a st ri ng query, adefault search field,
and an Anal yzer tO QueryParser. parse() . The following example searches the Lucene index created in the previous
recipe for all speeches containing the term "Ophelia:

i mport org. apache. | ucene. anal ysi s. Anal yzer;

i mport org.apache. | ucene. anal ysi s. Si npl eAnal yzer ;
i mport org. apache. | ucene. docunent . Docunent ;

i mport org.apache. | ucene. queryPar ser. Quer yPar ser
i mport org.apache. | ucene. search. Hits;

i nport org. apache. | ucene. sear ch. | ndexSear cher;

i mport org.apache. | ucene. search. Query;

i mport org.apache. |l ucene. search. Searcher;

| ogger.info("Searching for Ophelia");
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Sear cher searcher = new | ndexSearcher ("i ndex");
Anal yzer anal yzer = new Si npl eAnal yzer( );

Hits hits = searcher. search(query);
| ogger.info( "Searching Done, hit: " + hits.length( ) );
Systemout.println( "Score | Play | Act | Scene | Speaker" );

for( int i =0; i < hits.length( ); i++ ) {
Docunent doc = hits.doc(i);
Systemout.print( (int) (hits.score(i) * 100 ) );

Systemout.print( " | " + doc.get("play") );
Systemout.print( " | " + doc.get("act") );
Systemout.print( " | " + doc.get("scene") );
Systemout.print( " | " + doc.get("speaker") + "\n" );

Query query = QueryParser. parse("Ophelia", "speech", analyzer);

An | ndexSear cher is created by passing in the name of the directory containing the Lucene index to its constructor. Next,

an Anal yzer iscreated that will analyze the query St ri ng.

Warning

It isimportant at this stage to use the same Anayl zer implementation that was used to create the L ucene index
to be searched, and, in this case, asi npl eAnal yzer isused. If you use an Anal yzer , which discards the words

to,” "be," "or," and "not," and then try to create a Query for "to be or not to be," you are not going to find the
appropriate speech in Hamlet because the Anal yzer you used to parse your query dropped every term.

Quer yPar ser parses the query string and creates a Quer y object that will search the "speech” field of each Docurent in the

index. The example then callssear cher . search( ) and iterates through Docunent objects contained in an instance of
Hits.Hits containsalLi st of Document objects and arelevance score for each result; arelevance score is a number
between 1.00 and 0.00 that tells you how strongly a particular Docunent matches a particular query. The more aterm
occurs in a speech, the more relevant the speech is, and the closer the relevance scoreisto 1. The previous example

returns every occurrence of the term "Ophelid" in every Shakespeare play, and, from the results, it is clear that Opheliais

acharacter in Hamlet. Every occurrence of Opheliaislisted with the relevance, play, act, scene, and speaker:

1 I NFO [ mai n] Ter nSear ch - Searching for Ophelia
321 I NFO [mai n] Ter nSear ch - Searching Done, hit: 19
Score | Play | Act | Scene | Speaker

100 | Hamet | ACT IV | SCENE V | QUEEN CGERTRUDE
100 | Hamet | ACT IV | SCENE V | KING CLAUDI US
81 | Hamet | ACT IV | SCENE V | QUEEN GERTRUDE
81 | Hamet | ACT V | SCENE | | HAMLET

58 | Ham et | ACT | | SCENE Il | LORD POLONI US
58 | Hamet | ACT Il | SCENE | | LORD POLONI US
50 | Ham et | ACT | | SCENE Il | LAERTES

33 | Hamet | ACT V | SCENE | | HAMLET

25 | Hamet | ACT Il | SCENE | | QUEEN GERTRUDE
24 | Ham et | ACT Il | SCENE | | LORD POLONI US
22 | Hamet | ACT IV | SCENE VII | LAERTES

21 | Ham et | ACT Il | SCENE | | KI'NG CLAUDI US
17 | Hamet | ACT IV | SCENE V | LAERTES

17 | Hamet | ACTII | SCENE Il | LORD POLONI US
16 | Ham et | ACT Il | SCENE | | LORD POLONI US
14 | Hamet | ACTII | SCENE Il | LORD POLONI US
13 | Ham et | ACT I | SCENE Il | LORD POLONI US
11 | Ham et | ACT | | SCENE Il | LAERTES

11 | Ham et | ACT Il | SCENE | | HAMLET
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A query can aso search for multiple terms in a specific order because a L ucene index keeps track of the order
rel ationships between terms within a bocunent . Searching for the famous "to be or not to be" returns a single match from
Act |11, Scene | of Hamlet:

O [mai n] | NFO TernSearch - Searching for 'speech:"to be or not to be"'
354 [mai n] INFO TernBSearch - Searching Done, hit: 1

Score | Play | Act | Scene | Speaker

100 | Hamet | ACT Il | SCENE | | HAMET

This search was only possible because the si npl eAnal yzer isused during index creation and query parsing. If adifferent
Anal yzer had been used to create the index, the Lucene index would not be storing information about such common
wordsas"to," "be," "or," and "not." It isacommon practice for general search engines to discard very common terms
such as "the," "a," "an," or "when." Discarding unimportant terms can reduce the size of an index remarkably, but if you
need to search for "to be or not to be," you will need to preserve all terms.

12.7.3. Discussion

Both of the previous examples executed queries in about 300 milliseconds on a very cheap 2.0 GHz Celeron eMachine.
This search would have taken orders of magnitude longer to execute if every document had to be parsed and searched in
response to aquery. The only reason a full-text search can be completed in afew hundred milliseconds is the presence of
aLuceneindex. The Lucene index provides a database of Documentsindexed by term, and an | ndexSear cher is
essentially retrieving objects from this database.

A Lucene query can combine multiple criteria, search for terms matching wildcards, and find documents by multiple
fields. A specific field can be searched by prefixing aterm with the field name and a colon; for example, to search for
documentsin a certain play, one would use the query pl ay: " Hani et *. The second parameter to Quer yPar ser . parse( ) iS
the default field for a query, and, in the previous example, the default field is "speech." This means that aterm without a
field qualifier will match the "speech” field. Table 12-1 lists some possible L ucene queries and describes the results they
would return.

Table 12-1. A survey of Lucene queries

Query Description

play:"Hamlet" Returns all documents with a"play" field matching
the string "Haml et"

"to be" AND "not to be" Returns a document with a " speech” field containing
the strings "to be" and "not to be"

play:"Hamlet" AND ("Polonius’ OR "Hamlet") Returns all documents with a"play" field matching
"Hamlet" with a"speech” field that contains the terms
"Polonius’ or "Hamlet"

s*ings Returns all documents with a"speech” field
containing aterm that startswith "s' and endsin
"ings"; includes terms such as "strings' and "slings’

Lve Returns all documents with a"speech” field
containing terms such as "Love" or "Live"
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Query Description

"dings' NOT "arrows’ Returns documents with a "speech” field that contains
"dlings" but not "arrows"

The following Lucene query finds documents containing "Saint Crispin” and "England” or "to be or not to be" and "slings
and arrows":

("Saint Crispin" AND "Engl and") OR
("to be or not to be" AND ("slings and arrows") )

When this query is executed against the Lucene index used in the previous two recipes, two speeches are returned—a
rousing battle speech from <Henry V> and Hamlet's existential rant. Running this query would produce the following
output:

O [rmai n] | NFO TernSearch - Searching for ("Saint Crispin" AND "England") OR
("to be or not to be" AND ("slings and arrows") )
406 [rmai n] | NFO TernSearch - Searching Done, hit: 2

Score | Pl ay | Act | Scene | Speaker
31 | Hamet | ACT IlIl | SCENEI. A roomin the castle. | HAMLET
11 | Henry V| ACT IV | SCENE IIl. The English canp. | KI'NG HENRY V

12.8. Finding the Frequency of Terms in an Index

12.8.1. Problem

Y ou heed to find the most frequently used termsin a Lucene index.

12.8.2. Solution

Use Apache Lucene to index your documents and obtain a Ter rtEnumusing an | ndexReader . The frequency of atermis
defined as the number of documentsin which a specific term appears, and a Ter rEnumobject contains the frequency of
every term in a set of documents. Example 12-3 iterates over the terms contained in Ter nEnumreturning every term that
appears in more than 1,100 speeches.

Example 12-3. TermFreg finding the most frequent termsin an index

package com di scursive. jccook. xn . bar dsear ch

i mport java.util.ArrayList;

i mport java.util.Collections;

import java.util.lterator;

i mport java.util.List;

i mport org. apache. commons. | ang. bui | der. Conpar eToBui | der ;

i mport org.apache. | og4j . Logger;

i mport org.apache. | ucene. i ndex. | ndexReader ;

i nport org.apache. | ucene. i ndex. Ter mEnum

i mport com di scursive.jccook.util.Loglnit;

public class TernfFreq {
private static Logger |ogger = Logger.getLogger (TernFreq.cl ass);
static { Loglnit.init( ); }
public static void main(String[] pArgs) throws Exception {
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| ogger.info("Threshold is 1100" );
Integer threshold = new I nteger( 1100 );
| ndexReader reader = |IndexReader.open( "index" );
Ter mEnum enum = reader.terns( );
List ternmlist = new ArrayList( );
while( enumnext( ) ) {
i f( enumdocFreq( ) >= threshold.intValue( ) &&
enumterm ).field( ).equals( "speech" ) ) {
Freq freq = new Freq( enumtern( ).text( ), enumdocFreq( ) );
ternlist.add( freq );
}
}
Col l ections.sort( ternList );
Col l ections.reverse( ternlist );
Systemout.println( "Frequency | Term );
Iterator iterator = ternlist.iterator( );
while( iterator.hasNext( ) ) {
Freq freq = (Freq) iterator.next( );
Systemout.print( freq.frequency );

Systemout.println( " | " + freg.term);
}
}
public static class Freq inpl enents Conparable {
String term
i nt frequency;
public Freq( String term int frequency ) {
this.term= term
this. frequency = frequency;
}
public int conpareTo(Ohject o) {
if( o instanceof Freq ) {
Freq oFreq = (Freq) o;
return new Conpar eToBui |l der( )
. append( frequency, oFreq.frequency )
.append( term oFreqg.term)
.t oConpari son( );
} else {
return O;
}
}
}

A Luceneindex is opened by passing the name of thei ndex directory to | ndexReader . open(), and a Ter rtEnumis
retrieved from the | ndexReader with acall toreader. t er ns() . The previous example iterates through every term
contained in Ter mEnum creating and populating an instance of the inner class Fr eq, if aterm appears in more than 1,100
documents and the term occurs in the "speech” field. Ter nEnumcontains three methods of interest: next ( ), docFreq( ),
andtern( ).next( ) movesto the nextterm inthe Ter nEnum returning f al se if no more terms are available. docFr eq(
) returns the number of documents aterm appearsin, andter m( ) returns aTer mobject containing the text of the term
and the field the term occursin. The Li st of Freq objectsis sorted by frequency and reversed, and the most frequent
termsin a set of Shakespeare playsis printed to the console:

0 INFO [main] Ternfreq - Threshold is 4500
Frequency | Term
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2907
2823
2647
2362
2186
1950
1885
1870
1680
1678
1564
1562
1410
1262
1247
1200
1168
1124
1109

t he
and
to
you
of

is
t hat
in
not
it

for
be
this
but

12.8.3. Discussion

From thislist, it appears that the most frequent terms in Shakespeare plays are inconsequential words, such as "the," "a,"
"of," and "be." The index this example was executed against was created with a Si mpl eAnal yzer that does not discard any
terms. If thisindex is created with st andar dAnal yzer , common articles and pronouns will not be stored astermsin the

index, and they will not show up on the most frequent terms list. Running this example against an index created with a
St andar dAnal yzer and reducing the frequency threshold to 600 documents returns the following results:

Frequency |

2727
2153
1862
1234
1091
1057
1027
973
921
893
824
814
693
647
632
614

i
you
ny
ne
your
have
he

what

SO

hi s

do

hi m

al

t hou

shal

| ord
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A
abbreviating strings, 32
access
beans, 65
BidiMap, 120
properties
beans, 52-53, 57-58
indexed beans, 55
mapped beans, 56-57
nested beans, 54-55
addComponent( ) method, 273
addData( ) method, 190
addDoc( ) method, 280
adding
parts, 252
properties, 5
addParameter( ) method, 249
addRuleSet( ) method, 148
Analyzers
creating, 281
StandardAnalyzer, 285
Apache Log4J
configuration, 177
downloading, 175-177
Apache Lucene
downloading, 275
specific searches, 280
term frequency, 283
XML documents, 276-280
Apache Xalan, 218
app tag library, 221
append( ) method, 5
applications
Apache Log4J, 175-177
Commons CL|
downloading, 162
printing usage information, 165
Commons Configuration
downloading, 167
XML documents, 168-172
Commons Logging, downloading, 172-175
Log4J, 177
logic, 202
math

complex numbers, 188-193
fractions, 179
linear equations, 187
number ranges, 182
random variables, 183
univariate statistic calculations, 185
Web, templating, 196
applying XPath to object graphs, 272-275
ArrayListlterator, 102
ArrayLigts, collections, 102
arrays
cloning, 10
conversion, 12
mapping multidimensional, 16
printing, 10
reversing, 10
searching, 14
testing, 14
ArrayUtils.clone( ) method, 11
ArrayUtils.contains( ) method, 14
ArrayUtils.lastindexOf( ) method, 14
ArrayUtils.reverse( ) method, 11
ArrayUtils.toMap( ) method, 16, 16
ArrayUtils.toObject( ) method, 12
ArrayUtils.toPrimitive( ) method, 12
ArrayUtils.toString( ) method, 10
authentication
HttpClient, 252-255
WebDav, 264
authorization, headers, 253
autoboxing, 12, 14
automation, 6-8, 8-9
compareTo( ) method, 8-9
equals( ) method, 6-8
hashcode( ) method, 6-8
toString( ) methods, 2-4

B
bags, 107-111
collections, 107-111
BasicParser, 164
BeanComparator, 60
BeanMap, 69
BeanPredicate, 66
BeanPredicate object, 62
beans
Commons BeanUtils
downloading, 51
Commons Betwixt, 154
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dynamic, 71
EarthQuake, 105
expression language, 198-203
form, 51
populating, 73
properties
accessing, 52-53, 57-58
cloning, 64
comparing, 60-62
copying, 62
indexed access, 55
mapped access, 56-57
mapping, 68
nested access, 54-55
setting, 64
strings, 72
testing, 65
types of, 59
validation, 66
wrapping maps, 68-70
XML, 155-157, 157-159, 160
BeanUtils.cloneBean( ) method, 64
BeanWriter, customization, 157-159
beanWriter.write( ) method, 155
begin( ) method, 151
BidiMap, 120
blocking buffers, collections, 116-118
blocks, finally, 224
Boolean values, 203
Boolean variables, 184
BoundedFifoBuffer, 112
buffer.remove( ) method, 116
BufferListener, 116
BufferOverflowException, 112
buffers, 111-113
blocking, 116-118
collections, 111-113
indexes, 117
built-in styles, 5

C
caches, 132
calculations
Soundex, 48
univariate statistics, 185
capitalization, case-insensitive maps, 122-123
capturing
application logic, 202
XML commands, 150-152

cardinality( ) method, 136
carriage returns, deleting, 37
case-insensitive maps, 122-123
CaselnsensitiveMap, 122
casting, 139-141
certificates, self-signed, 262
ChainedClosure, 95
ChainedTransformer, 92, 132
chaining
closures, 95
Comparators, 77-79
transformations, 92
characters
abbreviating, 32
control, 37
splitting, 34
stripping, 36
trimming, 36
chomping strings, 37
classes
CompareToBuilder, 8
ComplexFormat, 188
EqualsBuilder, 6
HashCodeBuilder, 6
javalang.Math, 183
processEstimator, 191
ReflectionToStringBuilder, 3
SimpleDateFormat, 18
StringUtils, 30
ToStringBuilder, 3
customization, 4
styles, 5
ToStringStyle, 4
WordUtils, 30
cleanDirectory( ) method, 228
client.listMessage( ) method, 238
client.sendSimpleM essage( ) method, 236
clients
Commons Net
downloading, 234
FTP, 234-236
HTTP POST requests, 249
HttpClient
authentication, 252-255
cookies, 256-258
debugging, 247-248
downloading, 240
GET method, 241, 244-246
redirects, 258-260
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self-signed certificates, 262

sending query parameters, 242-244

SSL, 260
POP3, 238
SMTP, 236-238
TFTP, 236
WebDav, 263
clock.getTime( ) method, 29
cloning
arrays, 10
properties, 64
close( ) method, 224
closing, Commons 10, 224-226
closures, 94
chaining, 95
conditional statements with, 96-98
loops with, 98
code
Soundex, 48
coefficients, 187
collections
ArrayLists, 102
bags, 107-111
blocking buffers, 116-118
buffers, 111-113
caches, 132
case-insensitive maps, 122-123
casting, 139-141
Commons JXPath
applying object graphs, 272-275
downloading, 268
guerying object graphs, 269-270
searching, 271-272
counting, 136-138
downloading, 100
element iteration, 106
key by valueretrieval, 120-122
lazy maps, 133-136
list constraints, 129
loops, 101
map value constraints, 127-129
multiple value storage, 118-120
predicates, filtering with, 104-106
priority queues, 113-115
set operations, 138
transformation, 130-132
typed, 124-126
Collections.reverse( ) method, 12
CollectionUtils.select( ) method, 106

CollectionUtils.selectRejected( ) method, 106
CollectionUtils.transform( ) method, 130

combining predicates, 88-91
CommandLineParser, 163
commands, XML, 150-152
Commons BeanUtils
downloading, 51
Commons Betwixt, downloading, 154
Commons CLI
downloading, 162
printing usage information, 165
Commons Codec, 47
Soundex, 48
Commons Collections
ArrayLists, 102
bags, 107-111
blocking buffers, 116-118
buffers, 111-113
caches, 132
case-insensitive maps, 122-123
casting, 139-141
counting, 136-138
downloading, 74, 100
element iteration, 106
FixedOrderComparator, 80-83
key by valueretrieval, 120-122
lazy maps, 133-136
list constraints, 129
loops, 101
map value constraints, 127-129
multiple value storage, 118-120
predicates, 83-86
combining, 88-91
customization, 87-88
filtering with, 104-106
priority queues, 113-115
set operations, 138
transformation, 130-132
typed collections, 124-126
Commons Configuration
downloading, 167
XML documents, 168-172
Commons Digester
downloading, 143
Stack, 151
Commons 1O
closing, 224-226
copying files, 227
CopyUtils, 223
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deleting directories, 228
downloading, 222
filtering files, 230
printing, 226
sizing directories, 229
splitting OutputStreams, 232
timestamps, 229
tracking traffic, 231
Commons 1O TeeOutputStream, 232
Commons JEXL, 198
Commons JX Path
applying object graphs, 272-275
downloading, 268
guerying object graphs, 269-270
searching, 271-272
Commons Lang
compareTo( ) method, 8-9
downloading, 1
equals( ) method, 6-8
hashcode( ) method, 6-8
toString( ) methods
automation, 2-4
customization, 4-6
Commons Logging, downloading, 172-175
Commons Math
complex numbers, 188-193
fractions, 179
linear equations, 187
number ranges, 182
random variables, 183
univariate statistic calculations, 185
Commons Net
downloading, 234
FTP, 234-236
POP3, 238
SMTP, 236-238
ComparatorChain, 77
Comparators
chaining, 77-79
FixedOrderComparator, 80-83
NullComparator, 79
PatientPriorityComparator, 114
PriorityBuffer, 113
reversing, 75-77
compareTo( ) method, automation, 8-9
CompareToBuilder class, 8
comparing
beans, 60-62
fixed order comparisons, 80-83

nulls, 79
strings, 46
COMPATIBILITY mode, 258
complex numbers, 188-193
complexCalculation( ) method, 13
ComplexFormat class, 188
conditional transformations, 93
conditions, combining predicates, 88-91
configuration
Apache Log4J, 177
bean properties, 64
Commons Configuration
downloading, 167
XML documents, 168-172
NullComparator, 79
redirects, 259
StringUtils class, 30
WordUtils class, 30
configuration.xml file, 172
ConfigurationFactory, 172
connect( ) method, 235
connections
testing, 237
WebDav, 264-265
constants, 187
public static final, 24
constraints
lists, 129
map values, 127-129
containsDouble( ) method, 182
containsRange( ) method, 182
control characters, 37
conversion, 155-157, 160, 160
object arrays to primitive arrays, 12
XML
beans, 155-157, 160
documents to objects, 143-147
cookies, HttpClient, 256-258
copying
bean properties, 62
files, 227
CopyUtils, 223
counting objectsin collections, 136-138
CountinglnputStream, 231
CountingOutputStream, 231
countMatches( ) method, 136
country codes, 122
countryCode string, 206
createDigester( ) method, 273
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createPredicate( ) method, 90

credentials, 253

customization, 4
compareTo( ) method, 9
objects, 157-159
predicates, 87-88
toString( ) methods, 4-6
ToStringBuilder class, 4
ToStringStyle class, 4

D

dates
formatting, 17
rounding, 18
truncating, 20
DateUtils.round( ) method, 19
DateUtils.truncate( ) method, 20
days
rounding, 18
truncating, 21
debugging
Apache Log4J, 175-177
HttpClient, 247-248
declareVariable( ) method, 275
deleting
carriage returns, 37
directories, 228
newlines, 37
directories
deleting, 228
filtering, 230
sizing, 229
disconnect( ) method, 235
digunctions, collections, 138
Document objects, 277
documents
Apache Lucene, 275
specific searches, 280
term frequency, 283
math
complex numbers, 188-193
fractions, 179
linear equations, 187
number ranges, 182
random variables, 183
univariate statistic calculations, 185
XML
Apache Lucene, 276-280
bean conversion, 155-157, 160

commands, 150-152

Common Configuration, 168-172
Commons Betwixt, 154

converting to objects, 143-147
Log4d, 177

namespace-aware parsing, 147-149
object customization, 157-159

parsing, 152-154
DoubleRange, 182
downloading

Apache Log4J, 175-177
Apache Lucene, 275
collections, 100
Commons BeanUtils, 51
Commons Betwixt, 154
Commons CLI, 162
Commons Collections, 74
Commons Configuration, 167
Commons Digester, 143
Commons |10, 222
Commons JX Path, 268
Commons Lang, 1
Commons Logging, 172-175
Commons Net, 234
FreeMarker, 213, 221
HttpClient, 240
Jakarta ORO, 232
Jakarta Slide, 263
Velocity, 203-208
DynaBean interface, 71
dynamic beans, 71

E

EarthQuake bean, 105
EL (Expression Language), 58
elements, collection iteration, 106
email

mailboxes, 238

sending, 236-238

tags, 150
emphasized headers, creating, 38
empty strings, testing, 31-32
entity tags, 246
enums, creating, 21-24
equals( ) method automation, 6-8
EqualsBuilder class, 6
ETag headers, 246
evaluate( ) method, 87
exceptions, finally block, 224
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execution, ProcessEstimator class, 191
Expression Language (EL), 58
expressions

Commons JEXL, 198

files, listing, 233

language, 198-203
Extensible Markup Language (see XML)
external files, capturing application logic, 202

F
fields, truncating date objects, 20
FIFO buffers, 112
File Transfer Protocol (see FTP)
FileOutputStream, 231, 232
FilePart, 252
FileReader, 204
files
capturing application logic, 202
configuration.xml, 172
copying, 227
filtering, 230
HTTP POST requests, 250
Jakarta ORO
downloading, 232
listing, 233
uploading, 251

FileUtils.byteCountToDisplaySize( ) method, 226

FileUtils.copyFile( ) method, 227
FileUtils.copyFileToDirectory( ) method, 227
FileUtils.deleteDirectory( ) method, 228
FileUtils.sizeOfDirectory( ) method, 229
FileUtils.touch( ) method, 229
filtering

collections, 104-106

files, 230
Filterlterator, 104
finally block, 224
fixed order comparisons, 80-83
FloatRange, 182
form beans, 51
formatting

dates, 17

enums, 21-24

HelpFormatter, 165

lines, 39

strings, parsing, 43-45
fractions, 179
frameworks, Commons Logging, 172-175
FreeMarker, downloading, 213, 221

frequency, measuring strings, 42
FTP (File Transfer Protocol), 234-236
functors, 74

G

Commons Collections
downloading, 74

Comparators
chaining, 77-79
reversing, 75-77

fixed order comparisons, 80-83

nulls, comparing, 79

objects
chaining closures, 95
chaining transformations, 92
closures, 94
conditional statements with closures, 96-98
conditional transformations, 93
loops with closures, 98
transformation, 91

predicates, 83-86
combining, 88-91
customization, 87-88

GET method, 241, 244-246
getAddress( ) method, 55
getName( ) method, 52, 55
getR( ) method, 190
getReplyCode( ) method, 237
getState( ) method, 55
getTime( ) method, 28
global.properties, 170
GlobFilenameFilter, 233
globs, 233

graphs, objects, 269-270, 272-275

H

hashcode( ) method automation, 6-8
HashCodeBuilder class, 6
HashMap, 122

hasNext( ) method, 101

headers

authorization, 253

ETag, 246

Location, 259

printing, 38
WWW-Authenticate, 253

HelpFormatter, 165
hours
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rounding, 18
truncating, 21
HTTP (Hypertext Transfer Protocal), 240, 240
(see also HttpClient)
HTTP POST requests, 249
HttpClient
authentication, 252-255
cookies, 256-258
debugging, 247-248
downloading, 240
GET method, 241, 244-246
HTTP POST requests, 249
redirects, 258-260
self-signed certificates, 262
SSL, 260
URLSs, sending query parameters, 242-244
HttpM ethodDirector, 260
human-readable file size, printing, 226
Hypertext Transfer Protocol (see HTTP)

I
/0
Commons 10
closing, 224-226
copying files, 227
deleting directories, 228
downloading, 222
filtering files, 230
printing, 226
sizing directories, 229
splitting OutputSteams, 232
timestamps, 229
tracking traffic, 231
CopyUtils, 223
implementation, 90
(see also configuration)
multilevel composite predicates, 90
Predicate interface, 87-88
indexes
Apache Lucene
downloading, 275
specific searches, 280
term frequency, 283
XML documents, 276-280
arrays, 14
bean properties, 55
buffer, 117
comparing, 46
IndexSearcher, 280

IndexWriter, 277
infrastructure (Commons CL)

downloading, 162

printing usage information, 165
InputPredicate, 90
InputStream, 224
instances

beans

cloning properties, 64
copying properties, 62

FileOutputStream, 232

HttpClient, 241

properties, adding, 5

SuffixFileFilter, 230
interfaces

BeanPredicate, 66

Commons CLI, downloading, 162

Commons Configuration, 168

DynaBean, 71

Log, 173

Predicate, 87-88

RuleSet, 147
intersections, collections, 138
IntRange, 182
inventoryBag variable, 110
|OEXxception, finaly blocks, 224
|OFileFilter, 230
|OUtils.closeQuietly( ) methods, 224
isAlpha( ) method, 41
isAlphanumeric( ) method, 41
isAlphaSpace( ) method, 41
isNumeric( ) method, 41
isRedirectNeeded( ) method, 260
iterate( ) method, 271
iteration

ArrayLists, 102

elements, 106

looping, 101
iterator( ) method, 101
iterator.next( ) method, 102
iterator.nextlndex( ) method, 102

J
J2SE (Java 2 Standard Edition), 1
Jakarta ORO

downloading, 232

listing files, 233
Jakarta Slide, downloading, 263
Java 2 Standard Edition (see J2SE)
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Java Community Process (see JCP)
Java Expression Language (JEXL), 58
javalang.Math class, 183
JavaBeans, 50
Commons BeanUtils
downloading, 51
dynamic beans, 71
populating, 73
properties
accessing, 52-53, 57-58
cloning, 64
comparing, 60-62
copying, 62
indexed bean access, 55
mapped bean access, 56-57
mapping, 68
nested bean access, 54-55
setting, 64
strings, 72
testing, 65
types of, 59
validation, 66
wrapping maps, 68-70
JavaServer Pages (see JSPs)
JavaServer Pages Standard Tag Library (see JSTL)
JCP (Java Community Process), 201
JEXL (Java Expression Language), 58
Joda, 20
JSPs (JavaServer Pages), 199
JSTL (JavaServer Page Tag Library), 199
JX PathContext, 272

K

keys
case-insensitive maps, 122
valueretrieval, 120-122

L
lazy maps, 133-136
libraries
app tag, 221
Commons Codec, 48
JSTL, 199
linear equations, 187, 187
lines, formatting, 39
lists
constraints, 129
files, 233

listWebdavResources( ) method, 264
local .properties, 171
L ocation headers, 259
lockMethod( ) method, 266
Loginterface, 173
L ogFactory.getinstance( ) method, 174
logging
Commons Logging, downloading, 172-175
HttpClient, 247
logic, applications, 202
login( ) method, 235
LongRange, 182
Loopinglterator, 101
loops
with closures, 98
collections, 101
L ucene (see Apache Lucene)

M

macros

parameters, 209

templating, 208-213
mailboxes, POP3, 238
MajorQuakePredicate, 104, 106
map.remove( ) method, 119
mapping

bean property access, 56-57

beans properties, 68

BidiMap, 120

case-insensitive maps, 122-123

casting, 139-141

InputPredicate, 90

lazy maps, 133-136

multidimensional arrays, 16

multiple value storage, 118-120

typed collections, 124-126

value constraints, 127-129
MapUtils.debugPrint( ) method, 138
MapUtils.getDoubleVaue( ) method, 139
math

complex numbers, 188-193

fractions, 179

linear equations, 187

number ranges, 182

random variables, 183

univariate statistic calculations, 185
measuring

frequency of strings, 42

stream traffic, 231
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time, 27-29
mergeTemplate( ) method, 211
merging templates, 207
method.setQueryString( ) method, 243
methods
addComponent( ), 273
addData( ), 190
addDoc( ), 280
addParameter( ), 249
addRuleSet( ), 148
append( ), 5
ArraysUtils.toMap( ), 16
ArrayUtils.clone, 11
ArrayUtils.containg( ), 14
ArrayUtils.lastindexOf( ), 14
ArrayUtils.reverse( ), 11
ArrayUtilstoMap( ), 16
ArrayUtils.toObject( ), 12
ArrayUtils.toPrimitive( ), 12
ArrayUtils.toString( ), 10
BeanMap, 69
BeanUtils.cloneBean( ), 64
beanWriter.write( ), 155
begin(), 151
buffer.remove( ), 116
cardinality( ), 136
cleanDirectory( ), 228
client.listMessage( ), 238
client.sendSimpleM essage( ), 236
clockgetTime( ), 29
close(), 224
Collections.reverse( ), 12
CollectionUtils.select( ), 106
CollectionUtils.selectRejected( ), 106
CollectionUtils.tranform( ), 130
compareTo( ) automation, 8-9
complexCalculation( ), 13
connect( ), 235
containsDouble( ), 182
containsRange( ), 182
countMatches( ), 136
createDigester( ), 273
createPredicate( ), 90
DateUtils.round( ), 19
DateUtils.truncate( ), 20
declareVariable( ), 275
disconnect( ), 235
equals( ) automation, 6-8
evaluate( ), 87

FileUtils.byteCountToDisplaySize( ), 226
FileUtils.copyFile( ), 227
FileUtils.copyFileToDirectory( ), 227
FileUtils.deleteDirectory( ), 228
FileUtils.sizeOfDirectory( ), 229
FileUtils.touch( ), 229

GET, 241, 244-246

getAddress( ), 55

getName( ), 52, 55

getR( ), 190

getReplyCode( ), 237

getState( ), 55

getTime( ), 28

hashcode( ) automation, 6-8
hasNext( ), 101
|OUtils.closeQuietly( ), 224
isAlpha( ), 41

isAlphanumeric( ), 41
isAlphaSpace( ), 41
isNumeric(), 41
isRedirectNeeded( ), 260

iterate( ), 271

iterator( ), 101

iterator.next( ), 102
iterator.nextindex( ), 102
listWebdavResources( ), 264
lockMethod( ), 266
logFactory.getinstance( ), 174
login(), 235

map.remove( ), 119
MapUtils.debugPrint( ), 138
mapUtils.getDoubleValue( ), 139
mergeTemplate( ), 211
method.setQueryString( ), 243
MultiMap.remove( ), 119

next( ), 107

nextint( ), 184
options.addOption( ), 163
populatelnventory( ), 110
printAlbums( ), 110

printUsage( ), 165
processRedirectResponse( ), 260

processSpeech( ), 277
PropertyConfigurator.configure( ), 177
PropertyUtils.copyProperties( ), 62
PropertyUtils.describe( ), 68
PropertyUtils.getlndexed( ), 55
PropertyUtils.getM appedProperty( ), 56
PropertyUtils.getNestedProperty( ), 54
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PropertyUtils.getProperty( ), 57, 59
PropertyUtils.getSimpleProperty( ), 52
PropertyUtils.isReadable( ), 65
PropertyUtils.iswritable( ), 65
PropertyUtils.setProperty( ), 64
put, 127

putMethod( ), 266
QueryParser.parse( ), 280
random( ), 184

reduce( ), 180
reflectionCompare( ), 9

remove( ), 116

removeAll(), 110

reset( ), 103

retrieveFile( ), 235
retrieveMessage( ), 238

set( ), 103

setCookiePalicy( ), 258
setCredentias( ), 255
setFollowRedirects( ), 258
setParameter( ), 249
setRequestBody( ), 250
setRequestContentL ength( ), 250
SMTPReply.isPositiveCompletion( ), 237
solve( ), 187

split(), 28

start( ), 110

StopWatch.getTime( ), 28
StopWatch.unsplit( ), 28
StringUtils.abbreviate( ), 32
StringUtils.center( ), 38
StringUtils.chomp( ), 37
StringUtils.countMatches( ), 43
StringUtils.difference( ), 46
StringUtils.indexOfDifference( ), 46
StringUtils.isBlank( ), 31
StringUtilsjoin( ), 38
StringUtils.repeat( ), 38
StringUtils.reverse( ), 38
StringUtils.split( ), 34
StringUtils.trim( ), 36

substring( ), 44
substringBetween( ), 35
subtract( ), 138
System.currentTimeMillis( ), 29
template.process( ), 215

Text( ), 280

toMap( ), 16

toString( )

automation, 2-4
customization, 4-6
transform( ), 130
trimToNull(), 37
TypedCollection.decorate( ), 124
unlockMethod( ), 266
Velocity.init( ), 204
milliseconds, truncating, 21
MIME (Multipurpose Internet Main Extensions), 252
minutes
rounding, 18
truncating, 21
Model-View-Controller (MVC), 51
modifying WebDav, 266
months
rounding, 18
truncating, 21
multidimensional arrays, mapping, 16
multilevel composite predicate implementation, 90
MultiMap, 118, 120
MultiMap.remove( ) method, 119
MultipartPostM ethod, 251
multiple predicates, combining, 88-91
multiple value storage, 118-120
Multipurpose Internet Main Extensions (MIME), 252
MultiV ariableExpander, 152
MV C (Model-View-Controller), 51

N

names
bean properties, 52
Soundex, 48
namespace-aware parsing, 147-149
NameVauePair, 243
National Institute of Standards and Technology (NIST),
111
nested beans, 54-55
nested strings, searching, 35
Netscape Draft Specification, 258
newlines, deleting, 37
next( ) method, 107
nextint( ) method, 184
NIST (National Institute of Standards and Technology),
111
NodeModel object, 218
NTCredentials object, 256
null strings, testing, 31-32
NullComparator, 79
configuration, 79
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NullPointerException, 225
nulls

comparing, 79
trimming to, 37

number ranges, 182
NumberRange, 182

objects

BeanPredicate, 62
closures, 94
chaining, 95
conditiona statements with, 96-98
loops with, 98
Collections
ArrayLists, 102
bags, 107-111
blocking buffers, 116-118
buffers, 111-113
caches, 132
case-insensitive maps, 122-123
casting, 139-141
counting, 136-138
downloading, 100
filtering with predicates, 104-106
iteration, 106
key by valueretrieval, 120-122
lazy maps, 133-136
list constraints, 129
loops, 101
map value constraints, 127-129
multiple value storage, 118-120
priority queues, 113-115
set operations, 138
transformation, 130-132
typed collections, 124-126
Commons JX Path
applying object graphs, 272-275
downloading, 268
guerying object graphs, 269-270
searching, 271-272
complex numbers, 188-193
conversion, 12
customization, 157-159
Documents, 277
DynaBean, 71
GetMethod, 241
NodeModel, 218
NTCredentials, 256

predicates, 85
StatUtil, 211
TermEnum, 283
transformation, 91
chaining, 92
conditional, 93

UsernamePasswordCredentials, 253

XML
converting to, 143-147
customization, 157-159
options.addOption( ) method, 163

org.apache.commons.io.filefilter package, 230

ORO (see Jakarta ORO)
OutputStreams, splitting, 232

P
parameters
HTTP POST requests, 249
macros, 209
gueries, sending, 242-244
validation, 25-27
parsing, 163
(see also Commons CLI)
BasicParser, 164
namespace-aware, 147-149
SAX, 152
strings, 43-45

XML, variable substitutions, 152-154

parts, adding, 252
PatientPriorityComparator, 114
Perl5FilenameFilter, 233
PersonRul eSet, 147
plain text, 30, 30
(see also text)
Playlndexer, 277
POP3 (Post Office Protocol 3), 238
populatel nventory( ) method, 110
populating
beans, 73
values, 133
PostM ethod, 249
PredicatedList, 129
PredicatedMap, 127
predicates
bean validation, 66
collections, filtering with, 104-106
Commons Collections, 83-86
combining, 88-91
customization, 87-88
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searching, 271-272
validation, 128
primitive array conversion, 12
printAlbums( ) method, 110
printing
Apache Log4), 175-177
arrays, 10
Commons 10, 226
headers, 38
strings, 46
usage information, 165
Velocity, 208
printStuff tag, 221
printUsage( ) method, 165
priority queues, 113-115
PriorityBuffer, 113
ProcessEstimator class, 191
processRedirectResponse( ) method, 260
processSpeech( ) method, 277
programming
Soundex, 48
properties
adding, 5
beans
accessing, 52-53, 57-58
cloning, 64
comparing, 60-62
copying, 62
indexed access, 55
mapped access, 56-57
mapping, 68
nested access, 54-55
setting, 64
strings, 72
testing, 65
types of, 59
validation, 66
wrapping maps, 68-70
configuration, 170
expression language, 198-203
global.properties, 170
local .properties, 171
user.properties, 171
PropertyConfigurator.configure( ) method, 177
PropertyUtils.copyProperties( ) method, 62
PropertyUtils.describe( ) method, 68
PropertyUtils.getlndexed( ) method, 55
PropertyUtils.getM appedProperty( ) method, 56
PropertyUtils.getNestedProperty( ) method, 54

PropertyUtils.getProperty( ) method, 57
PropertyUtils.getProperty Type( ) method, 59
PropertyUtils.getSimpleProperty( ) method, 52
PropertyUtils.isReadable( ) method, 65
PropertyUtils.iswWritable( ) method, 65
PropertyUtils.setProperty( ) method, 64

public static final constants, 24

put( ) method, 127

putMethod( ) method, 266

Q

gueries

Apache Lucene, 282

object graphs, 269-270
QueryParser.parse( ) method, 280
queues, priority, 113-115

R
random variables, 183
random( ) method, 184
RandomUtils, 184
ranges, number, 182
read methods, 52
readers

closing, 224-226

copying, 223
RealMatrix, 187
recursive deletes, directories, 228
redirects, HttpClient, 258-260
reduce( ) method, 180
references, variable substitution (XML), 152-154
reflection builders, 2

compareTo( ) method, 8
reflectionCompare( ) method, 9
ReflectionToStringBuilder class, 3
regular expressions, 233
relationships

MultiMap, 120
remove( ) method, 116
removeAll() method, 110
reset( ) method, 103
resources

WebDav

connections, 264-265
modifying, 266

response codes, redirects, 259
retrieveFile( ) method, 235
retrieveM essage( ) method, 238
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retrieving content (conditional GET method), 244
ReverseComparator, 75
reversing
arrays, 10
Comparators, 75-77
strings, 38
RFC 2109, 258
rounding dates, 18
rules, XML, 146
RuleSetBase, 147

S

SAX parsers, 152
scripts

HTTP POST requests, 249

redirect.cgi, 259
searching, 276

(see also Apache Lucene)

arrays, 14

Jakarta ORO

downloading, 232
listing files, 233

objects, 271-272

strings, 35
seconds, rounding, 18
seconds, truncating, 21
Secure Sockets Layer (see SSL)
self-signed certificates, 262
sending

email, 236-238

HTTP POST request files, 250

parameters, 249

query parameters, 242-244

redirects, 258-260
servers

authentication, 253

cookies, 256-258

FTP, 235

HTTP, debugging, 247-248

POP3, 238

SMTP, 237
serviets, HTTP POST requests, 249
set operations, 138
set( ) method, 103
setCookiePoalicy( ) method, 258
setCredentials( ) method, 255
setFollowRedirects( ) method, 258
setParameter( ) method, 249
setRequestBody( ) method, 250

setReguestContentLength( ) method, 250
setting bean properties, 64
Simple Mail Transfer Protocol (see SMTP)
Simple Object Access Protocol (see SOAP)
SimpleBean, 50
SimpleDateFormat class, 18
SimpleRegression, 190, 191
sizing
directories, 229
print files, 226
SMTP (Simple Mail Transfer Protocol), 236-238
SMTPReply.isPositiveCompletion( ) method, 237
SOAP (Simple Object Access Protacol), 240
solve( ) method, 187
sorting
bean properties, 60-62
Comparators, 78
Soundex, 48
source code
Soundex, 48
specific searches, Apache Lucene, 280
split() method, 28
splitting
OutputStreamsCommons | O, 232
strings, 34
SSL (Secure Sockets Layer), 260
SSL Protocol SocketFactory, 262
StandardAnalyzer, 285
start() method, 110
StatUtil object, 211
StatUtils, 185
StockQuoteTransformer, 135
StopWatch, 27
StopWatch.getTime( ) method, 28
StopWatch.unsplit( ) method, 28
storage, expressions, 202
streams
closing, 224-226
copying, 223
tracking, 231
strings
abbreviating, 32
beans properties, 72
built viareflection, 3
chomping, 37
closing, 224-226
comparing, 46
copying, 223, 227
countryCode, 206
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empty, testing, 31-32
measuring frequency, 42
parsing, 43-45
reversing, 38
searching, 35
splitting, 34
stripping, 36
testing, 41
trimming, 36
StringUtils class
configuration, 30
text
abbreviating strings, 32
chomping strings, 37
comparing strings, 46
measuring string frequency, 42
parsing strings, 43-45
printing headers, 38
reversing strings, 38
searching nested strings, 35
splitting strings, 34
stripping strings, 36
testing empty strings, 31-32
testing strings, 41
trimming strings, 36
StringUtils.abbreviate( ) method, 32
StringUtils.center( ) method, 38
StringUtils.chomp( ) method, 37
StringUtils.countMatches( ) method, 43
StringUtils.difference( ) method, 46
StringUtils.indexOfDifference( ) method, 46
StringUtils.isBlank( ) method, 31
StringUtils.join( ) method, 38
StringUtils.repeat( ) method, 38
StringUtils.reverse( ) method, 38
StringUtils.split( ) method, 34
StringUtils.trim( ) method, 36
stripping strings, 36
Struts JSP tag libraries, 220
styles, 5
subdirectories
cleaning, 228
substring( ) method, 44
substringBetween( ) method, 35
subtract( ) method, 138
SuffixFileFilter instances, 230
SwitchTransformer, 93
syntax, 205
(see also code)

Velocity, 205
System.currentTimeMillis( ) method, 29

T
tags
app tag library, 221
email, 150
entity, 246
JSTL, 199
printStuff, 221
TeeOutputStream, 232
Telnet, 237
template.process( ) method, 215
templating
expression languages, 198-203
FreeMaker, downloading, 213, 221
macros, 208-213
Velocity, downloading, 203-208
Web applications, 196
term frequency, Apache Lucene, 283
TermEnum object, 283
testing
arrays, 14
bean properties, 65
connections, 237
empty strings, 31-32
parameters, 25-27
strings, 41
text
StringUtils class, 30
abbreviating strings, 32
chomping strings, 37
comparing strings, 46
measuring string frequency, 42
parsing strings, 43-45
printing headers, 38
reversing strings, 38
searching nested strings, 35
splitting strings, 34
stripping strings, 36
testing empty strings, 31-32
testing strings, 41
trimming strings, 36
WordUtils class, 30
wrapping, 39
Text() method, 280
TFTP (Trivia File Transfer Protocol), 236
time, measuring, 27-29
timestamps
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Commons 10, 229
updating, 229
toMap( ) method, 16
tools
randomuUtils, 184
StatUtils, 185
VelocityTools, 220
toString( ) methods
automation, 2-4
customization, 4-6
ToStringBuilder class, 3, 4,5
ToStringStyle class customization, 4
tracking, 231
cookies, 256-258
traffic
Commons 10, 231
tracking, 231
trailing newlines, deleting, 37
transform( ) method, 130
transformation
beans, 155
collections, 130-132
objects, 91
chaining, 92
conditional, 93
trandation, arrays, 12
trimming strings, 36
trimToNull( ) method, 37
Trivial File Transfer Protocol (see TFTP)
truncating dates, 20
typed collections, 124-126
TypedCollection.decorate( ) method, 124
types of bean properties, 59

U
UnboundedFifoBuffer, 112
uniform resource locators (see URLS)
unions, collections, 138
UniqueFilterlterator, 107
univariate statistic calculations, 185
unlockM ethod( ) method, 266
updating timestamps, 229
uploading files, 251
URLs (uniform resource locators)
copying, 227
HttpClient, 242-244
SSL, 261
user.properties, 171
UsernamePasswordCredential s object, 253

utilities
RandomUtils, 184
StatUtils, 185
VelocityTools, 220

\
validation

bean properties, 66

parameters, 25-27

predicates, 128
VauedEnum, extending, 22
values

Boolean, 203

case-insensitive maps, 122-123

casting, 139-141

key by valueretrieval, 120-122

map constraints, 127-129

multiple value storage, 118-120

populating, 133
variables

Boolean, 184

expression language, 198-203

inventoryBag, 110

random, 183

substitution (XML), 152-154
VariableSubstitutor, 152
Velocity, downloading, 203-208
Velocity.init( ) method, 204
VelocityContext, 207, 211
VelocityEngine, 205, 213
VelocityStruts, 220
VelocityTools, 220

W
Web applications, templating, 196
WebDav
connections, 264-265
Jakarta Slide, downloading, 263
modifying, 266
whitespace
stripping, 36
trimming, 36
words
Soundex, 48
wrapping, 39
WordUtils class
configuration, 30
text, wrapping, 39
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World Wide Web (WWW), 240
wrapping

bean properties, 68-70

words, 39
write methods, 52
writers

closing, 224-226

copying, 223
WWW-Authenticate header, 253

X
Xalan, 218
XML (Extensible Markup Language), 1
Apache Lucene, 276-280
beans, 155-157, 160
Commons Betwixt, 154
Commons Configuration, 168-172
Commons Digester, downloading, 143
documents
commands, 150-152
converting to objects, 143-147
namespace-aware parsing, 147-149
Log4J, 177
object customization, 157-159
parsing, 152-154
rules, 146
XML Path Language (see XPath)
XPath (XML Path Language), 269, 269
(see also Commons JX Path)

Y

years, rounding, 18
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