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This close examination of JAXP, Sun's Java APl for XML, helps clear up the confusion parser

about the specific nature of JAXP and the purpose it serves. This article covers basic

concepts of JAXP, demonstrates why it is needed in the XML parsing space, and shows how
the parser used by JAXP can easily be changed. It also drills down into SAX and DOM, two  Starting with SAX
popular JAXP-related Javaand XML APIs. Dealing with DOM

Javaand XML have made news in every area of technology and are arguably the most important  Changing the parser
developments of 1999 and 2000 for software developers. As aresult, the number of Javaand XML
APIs has proliferated. The two most popular, DOM and SAX, have generated a tremendous amount Summary

of interest, while JDOM and data-binding APIs have followed. Understanding even one or two of  Resources
these thoroughly is quite atask; using al of them correctly makes you quite a guru. But in the last

The old and the new

year, another APl has made a big impression: Sun's Java API for XML, more commonly known as About the author
JAXP. This development isn't too surprising considering Sun didn't have any XM L-specific Rate this article
offerings for its platform. What is surprising is the lack of understanding about JAXP. Most

developers who use it have a misconception about the very API they are depending on. Rdated content:
What's a JAXP? Subscribe to the

In this article | assume basic knowledge of SAX and DOM. There simply isn't enough room hereto developerWorks newsletter

explain SAX, DOM, and JAXP. If you're new to XML parsing, you may want to read up on SAX TS5 T TRe XML -
and DOM through online sources or skim through my book. (Links to the APIs and my book are N the Zone.

available in the Resources section.) This article will make alot more sense once you've picked up Tutorials
the basics. Tools and products

API or abstraction? Code and components
Before diving into code, it's important to cover some basic concepts. Strictly speaking, JAXPisan Articles

API, but it is more accurately called an abstraction layer. It does not provide a new means of
parsing XML, add to SAX or DOM, or provide new functionality to Javaand XML handling. (If

you'rein disbelief at this point, you're reading the right article!) Instead, it makes it easier to deal with some difficult tasks with
DOM and SAX. It also makes it possible to handle some vendor-specific tasks that are encountered when using the DOM and
SAX APIsin avendor-neutral way.

While I'll go through all of these features individually, the thing you really need to get a handle on is that JAXP does not provide
parsing functionality! Without SAX, DOM, or another XML parsing API, you cannot parse XML. | have seen many requests for
acomparison of DOM, SAX, or JDOM to JAXP. Making these comparisons is impossible because the first three APIs serve a
completely different purpose than JAXP. SAX, DOM, and JDOM all parse XML. JAXP provides a means to get to these parsers
and results. It doesn't offer a new way to parse the document itself. Thisisacritical distinction to make if you're going to use
JAXP correctly. It will also most likely put you miles ahead of many of your fellow XML developers.

If you're still dubious (or think I'm on something) download the JAXP distribution from Sun's Web site (see the Resources
section), and you'll get an idea of how basic JAXPis. Intheincluded jar (j axp. j ar ), you will find only six classes! How hard
could this API be? All of these classes (part of thej avax. xm . par ser s package) sit on top of an existing parser. And two of
these classes are for error handling. JAXP isalot simpler than people think. So why al the confusion?
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Sun's JAXP and Sun's parser

Sun's parser isincluded with the JAXP download. The parser classes are al inthe par ser . j ar archive as part of the

com sun. xml . par ser package and related subpackages. Y ou should know that this parser (code-named Crimson) is not part
of JAXP. It ispart of the JAXP distribution, but it is not part of the JAXP API. Confusing? A little bit. Think about it this way:
JDOM ships with the Apache Xerces parser. That parser isn't part of JDOM but is used by JDOM, so it's included to ensure that
JDOM isusable "out of the box." The same principle applies for JAXP, but it isn't as clearly publicized: JAXP comes with Sun's
parser so it can be used immediately. However, many people refer to the classes included in Sun's parser as part of the JAXP API
itself. For example, a common question on newsgroups s, "How can | use the XM_Docurment classthat comes with JAXP?
What isits purpose?’ The answer is somewhat complicated.

First,thecom sun. xm . tree. XM_LDocunent classisnot part of JAXP. It is part of Sun's parser. So the question is
misleading from the start. Second, the whole point of JAXP isto provide vendor independence when dealing with parsers. The
same code, using JAXP, could be used with Sun's XML parser, Apache's Xerces XML parser, and Oracle's XML parser. Using a
Sun-specific class, then, isabad idea. It violates the entire point of using JAXP. Are you starting to see how this subject has
gotten muddied? The parser and the API in the JAXP distribution (at least the one from Sun) have been lumped together, and
developers mistake classes and features from one as part of the other, and vice versa.

The old and the new

A final note about JAXP that you don't want to miss: Using JAXP comes with some pitfalls. For example, JAXP only supports
SAX 1.0and DOM Level 1. SAX 2.0 has been out initsfinal form since May 2000, and DOM Level 2 support has been in most
parsers for even longer. DOM Level 2 isnot yet final, but it is certainly stable enough for production use. The new versions of
both APIs have significant improvements, most notably support for XML namespaces. This support also enables XML Schema
validation, which is another hot technology related to XML. In fairness to Sun, neither SAX 2.0 nor DOM Level 1 were fina
when JAXP went out asa 1.0 final release. However, the failure to include the new versions has resulted in a significant
drawback for developers.

JAXPisdtill usable, but you may want to wait for JAXP 1.1, which supports SAX 2.0 and DOM Level 2. Otherwise, you may
find that the advantages JAXP provides come at the expense of functionality in SAX and DOM's latest versions, and make your
applications more difficult to code. Regardless of whether you wait for the next release of JAXP, be aware of this problem. Y ou
can aso run into issues with classpathsif you mix JAXP with parsers that support DOM and SAX versions greater than JAXP's
support. So consider yourself forewarned, and upgrade to JAXP 1.1 as soon asit's available. With this basic understanding of
JAXP, let'slook at the APIs that JAXP depends on: SAX and DOM.

Starting with SAX

SAX, the Simple API for XML, is an event-driven methodology for processing XML. It's basically made up of lots of callbacks.
For example, thest art El emrent () callback isinvoked every time a SAX parser comes across the opening tag of an element.
Thechar act er s() calback iscalled for character data, and then endEl enent () iscalled for the end tag of the element.
Many more callbacks are present for document processing, errors, and other lexical structures. Y ou get theidea. The SAX
programmer implements one of the SAX interfaces that defines these callbacks. SAX also provides a class called

Handl er Base that implements all of these callbacks and provides default, empty implementations of all the callback methods.
(I mention this because it will be important in DOM, which we look at next.) The SAX developer needs only extend this class,
then implement methods that require insertion of specific logic. So the key in SAX isto provide code for these various callbacks,
then allow a parser to trigger each of these callbacks when appropriate.

S0 here's the typical SAX rundown:
» Create a SAXPar ser instance using a specific vendor's parser implementation
« Register callback implementations (by using a class that extends Handl er Base, for example)
« Start parsing and sit back as your callback implementations are fired off

The SAX component of JAXP provides asimple meansto do all of this. Without JAXP, a SAX parser instance either must be
instantiated directly from avendor class (such asor g. apache. xer ces. par ser s. SAXPar ser ), or it must use a SAX
helper class called Par ser Fact or y. The problem with the first methodology is obvious; it isn't vendor-neutral. The problem
with the second is that the factory requires, as an argument, the String name of the parser class to use (that Apache class,

or g. apache. xer ces. par ser s. SAXPar ser , again). You can change the parser by passing in adifferent parser classasa
St ri ng. With this approach, you wouldn't need to change any import statements, but you would still have to recompile the
class. Thisisobviously not a best-case solution. It would be much easier to be able to change parsers without recompiling the
class, wouldn't it?

JAXP provides that better alternative: It allows you to provide a parser as a Java system property. Of course, when you download
adistribution from Sun, you get a JAXP implementation that uses Sun's parser. The same JAXP interfaces, but with an



implementation built on Apache Xerces, can be downloaded from the Apache XML Web site. Therefore (in either case),
changing the parser you are using requires you change a classpath setting, moving from one parser implementation to another,
but it does not require code recompilation. And thisis the magic, the abstraction, that JAXP is all about.

A look at the SAX parser factory

The JAXP SAXPar ser Fact or y classisthe key to being able to easily change parser implementations. Y ou must create a new
instance of this class (which I'll ook at in a moment). After the new instance is created, the factory provides a method to obtain a
SAX-capable parser. Behind the scenes, the JAXP implementation takes care of the vendor-dependent code, keeping your code
happily unpolluted. This factory provides some other nice features, as well.

In addition to the basic job of creating instances of SAX parsers, the factory allows configuration options to be set. These options
affect all parser instances obtained through the factory. The two options available in JAXP 1.0 are to set namespace awareness
(set NanespaceAwar e (boolean awareness)), and to turn on validation (set Val i dat i ng (boolean validating)). Remember
that once these options are set, they affect all instances obtained from the factory after the method invocation.

Once you have set up the factory, invoking newSAXPar ser () returns a ready-to-use instance of the JAXP SAXPar ser class.
This class wraps an underlying SAX parser (an instance of the SAX classor g. xm . sax. Par ser). It aso protects you from
using any vendor-specific additions to the parser class. (Remember our earlier discussion about the Xm Docunent class?) This
class allows actual parsing behavior to be kicked off. The following listing shows how a SAX factory can be created, configured,
and used.

Listing 1. Using the SAXPar ser Factory

i nport java.io.File;

i nport java.io.| OExcepti on;

import java.io.QutputStreanWiter;
i nport java.io. Witer;

/1 JAXP
i mport javax.xm . parsers. FactoryConfigurationError;
i nport javax. xm . parsers. Par ser Confi gurati onExcepti on;
i nport javax. xm . parsers. SAXPar ser Fact ory;
i mport javax.xm . parsers. SAXPar ser;
/1 SAX
i nport org.xm .sax. Attri buteLi st;
i mport org.xmn .sax. Handl er Base;
i nport org. xm . sax. SAXExcepti on;
public class Test SAXParsing {
public static void main(String[] args) {
try {
if (args.length '=1) {
Systemerr.println ("Usage: java Test SAXParsing [fil enanme]");
Systemexit (1);
}
/| CGet SAX Parser Factory
SAXPar ser Factory factory = SAXParser Fact ory. newl nst ance() ;
// Turn on validation, and turn off namespaces
factory. set Validating(true);
factory. set NamespaceAwar e(f al se) ;
SAXPar ser parser = factory. newSAXPar ser () ;
par ser. parse(new File(args[0]), new MyHandl er());
} catch (ParserConfigurati onException e) {
System out. println("The underlying parser does not support " +
" the requested features.");
} catch (FactoryConfigurationError e) {
Systemout. println("Error occurred obtaining SAX Parser Factory.");
} catch (Exception e) {
e.printStackTrace();
}




}
cl ass MyHandl er extends Handl er Base {

/'l SAX cal | back i npl enentati ons from Docunent Handl er, ErrorHandl er, etc.
}

Notice in this code that two JAXP-specific problems can occur in using the factory: the inability to obtain or configure a SAX
factory, and the inability to configure a SAX parser. Thefirst of these problems, Fact or yConf i gur ati onErr or, usualy
occurs when the parser specified in a JAXP implementation or system property cannot be obtained. The second problem,

Par ser Confi gur ati onExcept i on, occurs when arequested feature is not available in the parser being used. Both are
easy to deal with and shouldn't pose as any difficulty in using JAXP.

A SAXPar ser isobtained once you get the factory, turn off namespaces, and turn on validation; then parsing begins. Notice that
the par se() method of the SAX parser takes an instance of the SAX Handl er Base classthat | mentioned earlier. (Y ou can
view the implementation of this class with the complete Javalisting.) You also passintheFi | e to parse. However, the

SAXPar ser class contains much more than just this single method.

Working with the SAX parser

Once you have an instance of the SAXPar ser class, you can do alot more with it than solely passing it aFi | e to parse.
Because of the way application componentsin large applications communicate now, it is not always safe to assume that the
creator of an object instanceisits user. In other words, one component may create the SAXPar ser instance, while another
component (perhaps coded by another developer) may need to use that same instance. For this reason, methods are provided to
determine the setting of the parser. The two methods that do thisarei sVal i dat i ng() , which informs the caller that the
parser will, or will not, perform validation, and i sNamespaceAwar e( ) , which returns an indication that the parser can, or
cannot, process namespaces in an XML document. While these methods can give you information about what the parser can do,
you do not have the means to change these features. Y ou must do this at the parser factory level.

Additionally, there are a variety of ways to request parsing of a document. Instead of just accepting aFi | e and aSAX

Handl er Base instance, the SAXParser's par se() method can aso accept aSAX | nput Sour ce, aJaval nput St r eam
oraURL inStri ng form, al withaHandl er Base instance. So different types of input documents can be treated to different
means of parsing.

Finally, the underlying SAX parser (aninstance of or g. xm . sax. Par ser) can be obtained and used directly through the
SAXParser'sget Par ser () method. Once this underlying instance is obtained, the usual SAX methods are available. The next
listing shows examples of the various uses of the SAXPar ser class, the core classin JAXP for SAX parsing.

Listing 2. Using the JAXP SAXPar ser

/'l Get a SAX Parser instance

SAXPar ser saxParser = saxFactory. newSAXPar ser () ;

/!l Find out if validation is supported

bool ean isValidating = saxParser.isValidating();

/1 Find out if namespaces is supported

bool ean i sNanmespaceAwar e = saxPar ser. i sNamespaceAwar e() ;
/]l Parse, in a variety of ways

/Il Use a file and a SAX Handl er Base i nstance

saxPar ser. parse(new Fil e(args[0]), nyHandl er Basel nst ance) ;
/1 Use a SAX I nput Source and a SAX Handl er Base i nstance
saxPar ser . par se( nySaxl nput Sour ce, nyHandl er Basel nst ance) ;
/'l Use an | nput Stream and a SAX Handl er Base i nstance
saxPar ser. parse(nyl nput Stream nyHandl er Basel nst ance) ;

/1l Use a URI and a SAX Handl er Base i nstance

saxParser. parse("http://ww. new nstance. con’ xnl / doc. xm ", nyHandl er Basel nst ance) ;
/1l Get the underlying (wapped) SAX parser

org. xm . sax. Parser parser = saxParser. getParser();

/'l Use the underlying parser

par ser. set Cont ent Handl er ( myCont ent Handl er | nst ance) ;

par ser . set Error Handl er (nyErr or Handl er | nst ance) ;

par ser. parse(new org. xm . sax. | nput Sour ce(args[0]));
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Up to now, I've talked alot about SAX, but | haven't unveiled anything remarkable or even that surprising. The fact is, the
functionality of JAXP isfairly minor, especially when SAX isinvolved. Thisis fine because having minimal functionality means
your code is more portable and can be used by other developers, either freely (through open source, it is hoped), or commercialy,
with any SAX-compliant XML parser. That's it. There's nothing more to using SAX with JAXP. If you already know SAX,
you're about 98 percent of the way there. Y ou just need to learn two new classes and a couple of Java exceptions, and you're
ready to roll. If you've never used SAX, it's easy enough to start now.

Dealing with DOM

If you're thinking you need to take a break in order to gear up for the challenge of DOM, you can save yourself somerest. The
process of using DOM with JAXP is nearly identical to that with SAX; all you do is change two class names and a return type,
and you are pretty much there. If you understand how SAX works and understand what DOM is, you won't have any problem.

The primary difference between DOM and SAX isthe structure of the APIs themselves. While SAX consists of an event-based
set of callbacks, DOM has an in-memory tree structure. In other words, with SAX there's never a data structure to work on
(unless the devel oper creates one manually). SAX, therefore, does not offer the ability to modify an XML document. DOM
provides exactly this type of functionality. The or g. w3c. dom Docunent class represents an XML document and is made up
of DOM nodes that represent the elements, attributes, and other XML constructs. So JAXP doesn't have to fire SAX callbacks, it
isonly responsible for returning aDOM Docunent object from a parsing.

A look at the DOM parser factory

With this basic understanding of DOM and the differences between DOM and SAX, thereislittle else to say. The following code
will ook remarkably similar to our SAX code. First, aDocunent Bui | der Fact or y isobtained (in the same way that it was
in SAX). Then the factory is configured to handle validation and namespaces (in the same way that it wasin SAX). Next, a
Docunent Bui | der , theanalog to SAXPar ser , isretrieved from the factory (in the sameway . . . well, you get the idea).
Parsing can then occur, and the resultant DOM Docunent object is handed off to a method that prints the DOM tree.

Listing 3. Using the document builder factory

i nport java.io.File;

i mport java.io.| CException;

i nport java.i o.Qutput Streamiiter;
i nport java.io. Witer;

Il JAXP
i nport javax.xm . parsers. Fact oryConfi gurati onError;
i nport javax.xm . parsers. Par ser Confi gurati onExcepti on;
i mport javax.xm . parsers. Docunent Bui | der Fact ory;
i nport javax.xm . parsers. Docunent Bui | der;
/1 DOM
i mport org.w3c.dom Docunent ;
i nport org.w3c. dom Docunent Type;
i nport org.w3c. dom NanedNodeMap;
i mport org.w3c.dom Node;
i mport org.w3c.dom Nodeli st ;
public class Test DOVParsi ng {
public static void main(String[] args) {
try {
if (args.length I'= 1) {
Systemerr.println ("Usage: java TestDOWarsing [fil enane]");
Systemexit (1);
}
I/ CGet Document Buil der Factory
Docunent Bui | der Factory factory = Docunent Bui | der Fact ory. newl nst ance() ;
// Turn on validation, and turn off namespaces
factory. setValidating(true);
factory. set NamespaceAwar e(f al se) ;
Docunent Bui | der bui |l der = factory. newDocunent Bui | der () ;
Docunent doc = buil der. parse(new File(args[0]));
/[l Print the docunent fromthe DOMtree and
/1 feed it an initial indentation of nothing
print Node(doc, "");




/!l Modifications to the DOM Docunent could al so be nade here.
} catch (ParserConfigurationException e) {
System out . printl n("The underlying parser does not support the requested
features.");
} catch (FactoryConfigurationError e) {
System out. println("Error occurred obtaining Document Buil der Factory.");
} catch (Exception e) {
e. printStackTrace();
}
}

private static void printNode(Node node, String indent) {
I/l print the DOMtree
}

}

Two different problems can arise with this code (aswith SAX in JAXP): aFact or yConf i gurati onError anda

Par ser Conf i gur ati onExcept i on. The cause of each isthe same asit wasin SAX. Either there's a problem present in the
implementation classes (Fact or yConf i gur at i onEr r or), or the parser provided doesn't support the requested features
(Par ser Confi gur ati onExcepti on). The only difference between DOM and SAX isthat with DOM you substitute
Docunent Bui | der Fact ory for SAXPar ser Fact or y, and Docunent Bui | der for SAXPar ser . It'sthat smple! (You
can view the complete code listing, which includes the method used to print out the DOM tree.)

Working with the DOM parser

Once you have aDOM factory, you can obtain aDocunent Bui | der instance. The methods available to a

Docunent Bui | der instance are very similar to those available to its SAX counterpart. The major difference is that variations
of thepar se() do not take an instance of the SAX Handl| er Base class. Instead they return aDOM Docunent instance
representing the XML document that was parsed. The only other difference is that two methods are provided for SAX-like
functionality: set Er r or Handl er () , which takesa SAX Er r or Handl er implementation to handle problems that may arise
inparsing, and set Ent i t yResol ver) _, whichtakesaSAX Ent i t yResol ver implementation to handle entity resolution.
If these concepts are unfamiliar to you, now's the time to check out SAX either online or in my book. The following listing shows
examples of these methods in action.

Listing 4. Using the JAXP DocumentBuilder

/1l Get a DocumentBuil der instance

Docunent Bui | der bui |l der = buil der Fact ory. newDocunent Bui | der () ;

/1l Find out if validation is supported

bool ean isValidating = builder.isValidating();

/1l Find out if nanespaces is supported

bool ean i sNamespaceAwar e = buil der.i sNanmespaceAwar e();

/1 Set a SAX ErrorHandl er

bui | der. set Err or Handl er (myEr r or Handl er | npl ) ;

I/ Set a SAX EntityResol ver

bui | der. setEntityResol ver (nyEntityResol verl npl);

/]l Parse, in a variety of ways

Il Use a file

Docunent doc = buil der. parse(new File(args[0]));

/1l Use a SAX | nput Sour ce

Document doc = buil der. par se( nySax| nput Sour ce) ;

/'l Use an | nput Stream

Docunent doc = buil der. parse(nyl nput Stream mnyHandl er Basel nst ance) ;
/1 Use a URI

Docunment doc = buil der. parse("http://ww. new nstance. com xm / doc. xm ") ;

If you got alittle bored in this section on DOM, you're not alone; it was alittle boring to write because it really is that
straightforward to take what you've learned about SAX and apply it to DOM. So make your bar bets with friends and coworkers
on how using JAXP is a piece of cake.

Changing the parser
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The last topic we need to address in dealing with JAXP isthe ability to easily change out the parser used by the factory classes.
Changing the parser used by JAXP actually means changing the parser factory, because all SAXPar ser and

Docunent Bui | der instances come from these factories. Since the factories determine which parser is loaded, it's the factories
that must change. The implementation of the SAXPar ser Fact or y interface to be used can be changed by setting the Java
system property j avax. xm . par ser s. SAXPar ser Fact or y. If this property isn't defined, then the default implementation
(whatever parser your vendor specified) is returned. The same principle applies for the Docunent Bui | der Fact ory
implementation you use. In thiscase, thej avax. xm . par ser s. Docunent Bui | der Fact or y system property is queried.
And as simple as that, we have gone through it al! Thisis the whole scope of JAXP: provide hooksinto SAX, provide hooks into
DOM, and allow the parser to easily be changed out.

Summary

Asyou can see, there's very little tricky material to wade through. Changing a system property, setting validation through a
factory instead of a parser or builder, and getting clear on what JAXP actually isn't are the most difficult parts of putting JAXP to
work. Other than not having SAX 2.0 and DOM Level 2 support, JAXP provides a helpful pluggability layer over two popular
Javaand XML APIs. It makes your code vendor-neutral and allows you to change from parser to parser without ever recompiling
your parsing code. So download JAXP from Sun, Apache XML, or anywhere else you can get your hands on it, and go to it! Stay
tuned for JAXP 1.1, with important additions like support for SAX 2 and DOM 2, XSLT, and more. You'll get the news here
first, so keep an eye on devel operWorks.

Resources

« Takealook at JAXP revisited, Brett's follow-up article on JAXP.

« Read the JAXP 1.0 specification to get the details from the source.

o Check out all of Sun's XML activity at their Java and XML headquarters.

» Get the Apache JAXP implementation at Apache XML.

« Find out more about the APIs under the covers. Start with SAX 2 for Java, at the SAX Web site.

« For another view of XML supported by SAX, take alook at DOM at the W3C Web site.

« For 490 or so more pages of expert XML advice, check out Javaand XML, published by O'Reilly, Brett's book on the
hottest technologies around.

« Join the developerWorks XML tools and APIs newsgroup for Java language developers

« Need amore basic introduction to XML ? Try the developerWorks Intro to XML tutorial and other educational offerings,
which cover the most fundamental topics.
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