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Abstract. Two important topics in software engineering are the separation of concerns and loose coupling. In this paper, we show how to separate the structural concern in the form of an XML schema (as proposed by JSR31 on Java data binding), and we show how to separate the traversal concern in the form of traversal strategies (as in adaptive programming). In our approach the traversal concern is only loosely coupled to the structure concern leading to more flexible Java software for XML.

1 Introduction

SAX (Simple API for XML) and DOM (Document Object Model) are two common ways used in Java applications to create, consume and manipulate XML documents. SAX is an event-driven method for XML parsing. As the parsing of an XML document occurs, certain events, such as the start of the document and the character data within an element, trigger callback methods. Software developers can implement Java code for these events, using the XML data to perform logic. SAX is a fast and lightweight way to process XML data, but SAX only allows for sequential data access [1]. Using SAX is tedious and error-prone since it is a very low-level API. In addition, SAX does not include mechanisms for writing out XML. It is a read-only system [1]. DOM is a somewhat higher-level API for XML parsing. The DOM represents a tree view of the XML document. The documentElement is the top-level of the tree. This element has one or many childNodes that represent the branches of the tree. While tree APIs are much easier to use than the event-driven SAX, they are not always appropriate. Processing a very large document may require lots of memory. The system may halt or even crash [2].

It would be much easier to write XML-enabled programs if we could simply map the components of an XML document to in-memory objects that represents, in an obvious and useful way, the document’s intended meaning according to its schema. Java Specification Request (JSR31) ([3]), under construction by Sun Microsystems, is designed to facilitate binding a Java object to an XML document. This data binding approach should compile an XML schema into a set of classes that have full error and validity checking code, a complete set of access methods (get/set) to ensure consistency with schema, and marshalling and unmarshalling methods to convert an object to or from an XML document. Data binding thus allows XML-enabled programs to be written at the same conceptual level as the document they manipulate, rather than at the level of parser event or parse tree. 

In this paper, we show an adaptive technique for binding XML documents to Java classes. The remainder of the paper is organized as follows. In the following section we present an example that simulates the Unix file system using Java classes. In section 4, the concept of adaptive programming and traversal strategy is introduced. Section 5 discusses the design and implementation issues about our data binding approach. Section 6 discusses related work. Section 7 concludes the paper.

2 Motivation/Example

The data binding specification is currently being developed by an expert group of industry leading XML vendors through the Java Community Process (JCP). The JCP is the formalization of the open process that Sun has been using since 1995 to develop and revise Java technology specifications in cooperation with the international Java community. The project, code named "Adelard" was initiated by Sun in order to maximize the efficiency of XML-processing applications, especially those with strict requirements for data validation. This project is still a work in progress. At the Sun Microsystems “A Developer Conference 2000.2001”, Raghavan N. Srinivas [4] pointed out in the session “XML in the Java Platform” that currently the data-binding project group is working with DTDs other than XML schemas.

The drawbacks remaining in the current work motivates the need for a facility to compile an XML schema into one or more Java classes which can parse, generate, and validate XML documents that follow the schema. In working towards this goal, we use the following guidelines:

· The approach works with W3C Recommendation XML schema [5] [6] [7].

· The approach assumes that input schema documents are valid according to W3C Recommendation XML schema, and does not expect invalid constructs. Checking the validity of schemas is considered to be out of scope of this approach.

The example domain for this paper will be that of simulating a small subset of the Unix file system.  A simple task that one might want to implement is processing Unix commands with Java applications. Figure 1 shows a UML [11] class diagram that represents a subset of the Unix file system and the structure of some Unix commands.
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Figure 1: The cut-down class graph for class FileSystem and Commands

Given an input as follows:

mkdir a

mkdir b

cd a

mkdir c

mkdir d

cd d

mkdir x

cd ..

cp –r d e

cd ..

echo “before du”

du

find . –name x –print

The project should produce the same output as UNIX, except that the disk usage command du prints only the file structure and no sizes. For the input above, the project should produce an output similar to:

before du


./a/c


./a/d/x


./a/d


./a/e/x


./a/e


./a


./b

./a/d/x

./a/e/x

To separate the structure concern of this project, we express the UNIX file system with an XML schema, and express a set of input commands with an XML document that follows the schema. To save space, we give a partial schema and document below. The complete code of this project is on the web at [8].

<?xml version=”1.0”?>

<xsd:schema xmlns:xsd=”http://www.w3.org/2000/10/XMLSchema”>

<xsd:element name=”commands” type=”Commands”></element>

<xsd:complexType name=”FileSystem”>


<xsd:sequence>



<xsd:element name=”root” type=”CompoundFile”/>


</xsd:sequence>

</xsd:complexType>

<xsd:complexType name=”File” abstract=”true”>



<xsd:sequence>



<xsd:element name=”f” type=”FileName”/>


</xsd:sequence>

</xsd:complexType>

<xsd:complexType name=”SimpleFile”>


<xsd:complexContent>

    

<xsd:extension base=”File”>




<xsd:element name=”filetype” type=”FileDescriptor”/>

    

</xsd:extension>

  
</xsd:complexContent>

</xsd:complexType>

<xsd:complexType name=”CompoundFile”>


<xsd:complexContent>

    

<xsd:extension base=”File”>



<xsd:sequence>




<xsd:element name=”filetype” type=”FileDescriptor”/>

<xsd:element name=”contents” type=”File” minOccurs = “0” maxOccurs=”unbounded”/>




<xsd:element name=”parent” type=”CompoundFile” minOccurs = “0”/>



</xsd:sequence>

    

</xsd:extension>

  
</xsd:complexContent>

</xsd:complexType>

…

Figure 2: The XML schema representation of the Unix file system (os.xsd)

The XML document that represents the input commands appears as follows:

<?xml version=”1.0” encoding=”UTF-8”?>

<commands>


<command type=mkdir>



<dir>



    <ident>a</ident>



</dir>


</command>


<command type=mkdir>



<dir>



    <ident>b</ident>



</dir>


</command>


<command type=cd_down>



<dir>



    <ident>a</ident>



</dir>


</command>


<command type=mkdir>



<dir>



    <ident>c</ident>



</dir>


</command>


<command type=mkdir>



<dir>



    <ident>d</ident>



</dir>


</command>


<command type=cd_down>



<dir>



    <ident>d</ident>



</dir>


</command>


<command type=mkdir>



<dir>



    <ident>x</ident>



</dir>


</command>


<command type=cd_up> </command>


<command type=recursive_cp> 



<dirSource>



    <ident>d</ident>



</dirSource>



<dirDes>



    <ident>e</ident>



</dirDes>


</command>


<command type=cd_up> </command>


<command type=echo>



<message>



        <value>”before_du”</value>



</message>


</command>


<command type=du> </command>


<command type=pfind>



<dir>



    <ident>x</ident>



</dir>


</command>

</commands>

Figure 3: The XML representation of the input commands

If we can represent the schema in Figure 2 with Java classes, then we can read and parse the XML document as in Figure 3 and create a set of Java objects to represent the input commands. More behavior files can be written in DJ [9] to process the input commands at Java object level. 

3 Adaptive Programming in Java (using DJ) and DemeterJ

We introduce Adaptive Programming, DJ and DemeterJ. The Adaptive Programming(AP) as a name was introduced around 1991. In AP, programs are decomposed into several crosscutting building blocks. Initially the object representation is separated out as a separate building block. Then structure-shy behavior and class structures are added as crosscutting building blocks [10]. Travesal strategies [12] are often used in adaptive programming. A traversal strategy describes a traversal at a high level, only referring to the minimal number of classes in the program’s object model: the root of the traversal, the target classes, and waypoints and constraints in between to restrict the traversal to follow only the desired set of paths. If the object model changes, often the traversal strategy doesn’t need to be changed; the traversal methods can simply be re-generated in accordance with the new model, and the behavior adapts to the new structure [13].

DemeterJ [14] [15], a research project at Northeastern University, is an object-oriented software development environment that allows user to develop adaptive programs. It helps you design the two key components in any object-oriented system: object structure and object behavior. In DemeterJ, these two components are represented by the concepts of class dictionary and traversal strategies with visitor classes, respectively [16]. A class dictionary defines the class structure of an application; that is, it defines the application’s classes and the relationships between them. In particular, it describes the inheritance hierarchy and the reference hierarchy of classes. Traversal strategies along with visitor classes define a specific behavior for a collection of classes. The behavior of the application as a whole is described by a set of traversal strategies and a set of visitor classes. The advantage of using this combination as opposed to regular Java code is their adaptiveness. Traversals with visitors help to decouple class structure from the behavior of a program by not hard-wiring the details of the class structure into the program. Consequently the program’s behavior is less prone to change when the class structure is modified. In addition, programs written with traversals and visitors are more concise since trivial structure traversal code does not need to be specified and is again left to the tool’s code generator.

Consider the class graph in Figure 1.We show a traversal strategy to find all FileName objects in the OS simulator example by defining a string t1 as follows:

String t1 = “from FileSystem bypassing -> * , parent, * to FileName”

This traversal specification means: go from a FileSystem object bypassing a has-a edge named “parent” and stop at FileName objects. The traversal cuts across six classes shown in Figure 4. The classes with bold borders and the has-a edges with a diamond symbol are involved in the traversal t1. The bypassing clause is used to avoid infinite recursion of the traversal. 


[image: image2.wmf]FileSystem

CompoundFile

File

SimpleFile

FileDescriptor

FileName

ContentListUnit

Commands

CommandListUnit

Command

Simple

mkdir

DirectoryName

Ident

touch

root

*

filetype

f

filetype

f

parent

contents

*

command

dir

ident

file

t1=“from 

FileSystem

 

bapassing

 ->*,parent,* to 

FileName

”

t2

t2=“from 

mkdir 

to 

Ident

”

t1


Figure 4: Crosscutting by traversal strategies t1 and t2
DJ [9] is a pure-Java package that helps software developers to program adaptively in Java language. DJ effectively lets you write each behavior against a generic data model and lets you map the behavior into a concrete data model. This is a well-known pattern used in modern component-based software development and leads to both simpler and more reusable designs and programs. DJ uses the same traversal strategy language as DemeterJ. While DemeterJ requires you to use a non-standard environment with class dictionary files and behavior files, DJ fits seamlessly into Java development environments. All you need to do is to import the edu.neu.ccs.demeter.dj package into your Java programs and you will be able to program in a traversal-visitor style. [13] studies the problems caused by adaptive programming in DemeterJ and voided by DJ.

We used the DemeterJ approach to develop our Java/XML data binding approach.

4 Design and Implementation Highlights

The approach taken in this thesis is to partition the project into an XML schema translator and a Marshalling framework. The partition is shown in Figure 5. 
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Figure 5:  System overview

The schema translator takes an XML schema and an XML document, compiles and binds the schema to Java classes which conform to the schema. These generated classes can be instantiated at run-time from an instance of an XML document which matches the schema used to create the classes. The generated classes also encapsulate XML parsing and validation.

These classes work in conjunction with a marshalling framework to provide the capability of loading and unloading Java objects to and from XML documents.

In this section, we will discuss how we implemented the schema translator and the marshalling framework. The source code for this approach is online at [21].

1) Schema Translator

The Demeter data-binding approach provides a way to generate Java classes from an input file that follows a specific class dictionary. It is natural to think that if we can express an XML schema with a class dictionary, then we can use DemeterJ-generated parser to parse an XML document, check if the XML document follows the input schema, and generate corresponding Java classes. However, it would be tedious and not efficient if we would have to write a class dictionary and some necessary behavior files by hand for each specific XML schema. Therefore, we developed the XML schema translator that takes as input an XML schema and produces a set of Java classes by using DemeterJ internally. 

We took the DemeterJ approach to develop the schema translator. First, we defined a class dictionary to represent the W3C XML Schema Specification [5][6][7]. We assume all the input XML schemas used with our approach conform to this specification. For example, the class dictionary representation of Attribute Declaration appears as below:

AttrValue
= [ lookahead {{2}} <prefix> NSRef ]

    <attrName> Ident “=” <attrValue> String.

Attribute
= “<” [ <prefixS> NSRef ] “attribute”



    <attrs> List(AttrValue)



    RestOfAttribute.

RestOfAttribute : EmptyAttribute | NonEmptyAttribute.

EmptyAttribute
= “/>”.

NonEmptyAttribute = “>”



      [ lookahead {{4}} Annotation ]



      [ lookahead {{4}} <type> SimpleType ]



      “</” [ <prefixE> NSRef ] “attribute>”.

Lookahead is one of the features of JavaCC [17]. Please refer to [18] for explanations of the usage of lookahead.

Secondly, we defined a number of visitor classes with traversal strategies to process the input schema. First open the input schema file, parse its contents to create a Schema object, then traverse the object with a visitor to extract the elements, attributes and type definitions into some intermediate data structures.  Before parsing it, pre-process it to remove comments, etc. and make changes necessary for the parser. With the intermediate data structures, we developed a number of behavior files each to generate a specific output file from the information stored in the intermediate data structures. 

We compiled the input schema with these behavior files in DemeterJ, and we got five internal output files (*.cd file is a class dictionary, *.beh files are behavior files):

1) X2J.cd: the class dictionary representation of the input XML schema

2) X2Jinit.beh: initializing the process of traversing the XML Document object.

3) X2Jpreprocessor.beh: preprocessing the XML document to make it parsable by DemeterJ.

4) X2Jdoc.beh: defining the code to parse the input XML document, calling adaptive methods to initialize it, validate it and print it.

5) X2Jvalidate.beh: checking if the XML document is valid according to the schema used to create these files.

With these internal output files, we used DemeterJ to generate a number of Java classes. Furthermore, we can take an instance of XML document which matches the schema we used before, to create a number of instances of the Java classes. 

2) Marshalling Framework

In our approach, we used a DemeterJ-generated Parser to implement the unmarshalling, which create a number of Java objects from an XML document. We used a DemeterJ-generated PrintVisitor to implement marshalling, which convert a set of Java objects into an XML representation.

3) Using the Approach to Simulate the Unix File System

Now that we have this data-binding approach, we can bind os.xsd (Figure 2) into Java classes. For example, the source code of class FileSystem appears as below:

// generated code 

class FileSystem {

  protected CompoundFile root;

  public CompoundFile get_root () { return root;   }

  public void set_root (CompoundFile new_root) { root = new_root;   }

  public FileSystem() { super();   }

  public FileSystem(CompoundFile root) {

    super();

    set_root(root);

  }

  public static FileSystem parse(java.io.Reader in) throws ParseException { return new Parser(in)._FileSystem();   }

  public static FileSystem parse(java.io.InputStream in) throws ParseException { return new Parser(in)._FileSystem();   }

  public static FileSystem parse(String s) {

    try { return parse(new java.io.StringReader(s)); }

    catch (ParseException e) {

      throw new RuntimeException(e.toString());

    }

  }

  void print() {

    PrintVisitor v0 = new PrintVisitor();

    v0.start();

    __trav_print(v0);

    v0.finish();

  }

  …

}

The FileSystem class has one property, root, which is an instance of CompoundFile class. There are two methods to access the property: get_root() and set_root(…). Three parse(…) methods are provided to read in a Reader object, an InputStream and a String respectively, and create an FileSystem object. A print() method is provided to print out an FileSystem object.

One of the neat features of our approach is the good separation of behavior concerns. As in this Unix OS simulator example, we give the data-binding approach an input XML document (Figure 3) which represents a set of Unix commands, and we would like to get the same output just as Unix would produce. We wrote two behavior files, os.beh and commands.beh to process the commands (code between “(” and “)” is pure Java code):

// os.beh

Main {

{{

  static CompoundFile cdir;

  static ClassGraph cg;

  static String FIdent = " edu.neu.ccs.demeter.Ident ";

  static public void main(String args[]) throws Exception {

    XMLDoc xDoc = XMLDoc.parse(System.in);

    Commands cs = (Commands) xDoc.get_commands();

    CompoundFile root = new CompoundFile(new FileName(new Ident("root")),






 new FileDescriptor(new Ident("compound")),






 new contentsListUnit_List(),






 null);

    FileSystem fs = new FileSystem(root);

    cdir = fs.get_root();

    cg = new ClassGraph(true, false);

    cs.process(cg);

   }

}}

}

// commands.beh

Commands {

{{

  void process(ClassGraph cg) {

    CommandVisitor cV = new CommandVisitor();

    ClassGraph cg2 = new ClassGraph(cg, "from Commands bypassing -> *,tail,* to *");

    String t = "from Commands to Simple";

    cg2.traverse(this,t,cV);

  }

}}

}

CommandVisitor {

{{

  public void before(mkdir host){

   
CompoundFile cf = new CompoundFile(



new FileName((Ident)Main.cg.fetch(host, "from mkdir to" + Main.FIdent)),



new FileDescriptor (new Ident("compound")),



new contentsListUnit_List(), null);

cf.set_parent(Main.cdir);

Main.cdir.get_contentsListUnit().addElement (new contentsListUnit(cf));

   }

   …

}}

}

os.beh defines a main(…) method for the Main class. The main(…) method reads in an XML document and creates an XMLDoc object from the document by calling a parse(…) method of XMLDoc class. Then the main(…) method gets a Commands object from the XMLDoc object and saves it in cs. The main(…) calls process(…) to process the commands defined by cs, which are originally defined by the XML document. process(…) is a method defined in Commands class.

commands.beh defines a process(..) method for Commands class, and a set of before(…) and after(..) methods for CommandVisitor class. process(…) method traverses the object graph rooted at Commands along strategy t using a CommandVisitor cV. CommandVisitor is a visitor class that defines what to do before and after certain objects are visited. For example, before a CommandVisitor arrives a mkdir object, it creates a CompoundFile cf, which has a FileName retrieved by the fetch(…) method. The fetch (…) method fetches the object in the object graph rooted at host mkdir corresponding to the target of strategy “from mkdir to edu.neu.ccs.demeter.Ident”. In this example, it retrieves a DirectoryName object and uses it to instantiate a FileName. The crosscutting is shown in the Figure 4 by shading the classes that are crosscut and by using five-pointed-stars on the has-a edges that are involved in the traversal. The CommandVisitor then sets the current directory as the parent of cf, and adds cf to contentListUnit of the current directory.

We defined a set of traversal strategies and a set of visitor classes to process all the input commands. We implemented one behavior in just one .beh file, which resulted in better packaging and better reusability of behavior. Traversals with visitors helped to decouple class structure from the behavior of the program by not hard-wiring the details of the class structure into the program. Consequently the program’s behavior is less prone to change when the class structure is modified. 

4) Guidance to JSR31 Implementors – the Flattening Rule of XML

When we specify an element belonging to a derived type in an XML document, the parts belonging to the base and derived types have to be intermixed in the following manner:

a) attributes for the base class are specified first;

b) attributes for the derived class are specified next;

c) elements for the base class come next;  and

d) elements for the derived class come last.

For example, the following XML schema contains a base type employee and a derived type manager:

<xsd:schema xmlns:xsd=”http://www.w3.org/2000/10/XMLSchema”>


<xsd:element name=”example” type=”Manager”/>


<xsd:complexType name=”Employee” abstract=”true”>



<xsd:sequence>




<xsd:element name=”salary” type=”xsd:positiveInteger”/>



</xsd:sequence>



<xsd:attribute name=”name” type=”xsd:string”/>


</xsd:complexType>


<xsd:complexType name=”Manager”>



<xsd:complexContent>




<xsd:extension base=”Employee”>





<xsd:sequence>






<xsd:element name=”dept” type=”xsd:string”/>





</xsd:sequence>





<xsd:attribute name=”manager_ID” type=”xsd:int”/>




</xsd:extension>



</xsd:complexContent>


</xsd:complexType>

</xsd:schema>
An XML instance document following the above schema will be like this:

<?xml version=”1.0” encoding=”UTF-8”?>

<example xmlns:xsi=”http://www.w3.org/2000/10/XMLSchema-instance” xsi:noNamespaceSchemaLocation=”D:\huichan\THESIS\testcases\Exp.xsd” name=”Molly” manager_ID=”15”>


<salary>80000</salary>


<dept>dev</dept>

</example>

Thus, there is an intermingling of the parts belonging to the base (name and salary) and the parts belonging to the derived type (manager_ID and dept). In most OO programming languages such as Java and C++, the parts belonging to the two groups are kept separate [19]. In DemeterJ class dictionary, common parts (the ones belonging to the base class) and the specific parts (the ones belonging to the derived class) are also grouped separately. All the class-specific parts occur first, followed by all the common parts. The intermixing of the two groups in an XML document makes parsing very difficult.  The way we have solved this problem is by flattening the inheritance hierarchy (i.e. by moving all the base type’s parts to the derived type, and thus having no common or base parts at all).  The parser then doesn’t have to look for “base” parts in-between the “derived” parts.

5 Related Work

Another XML data-binding facility, the Breeze XML Studio [20], provides a development environment for building XML-based business solutions. Breeze XML Studio includes both a graphical development environment and the Breeze Toolkit which is required to utilize the product. Breeze XML Studio is used to load up structure from either an XML DTD or a relational database system. Once this structure is loaded, Breeze XML Studio is used to edit the structure and the binding information that then can be used to generate Java classes ("Produced Beans"). Breeze generated classes can be instantiated at run-time from an instance of an XML document which matches the structure used to create the classes. Breeze classes work in conjunction with the Breeze Toolkit to provide a marshalling framework for loading and unloading Breeze objects to and from XML documents. One of the main drawbacks of Breeze is that, at this time, Breeze does not directly support XML schema. It only supports DTDs so that data types are not supported in Breeze. 

We can use the Breeze-generated JavaBeans along with DJ to develop application programs. However, one behavior concern might be scatted across several classes. While with our data-binding approach, we define a number of behavior files to develop applications, each behavior file implement one behavior. Therefore, by using our approach we can get better separation of functional concerns and better separation of those concerns from the XML schema information. At the same time, we get better packaging and better reusability of behavior.

6 Conclusions

This paper describes an adaptive data binding approach, which can simplify and accelerate XML development by creating Java classes that encapsulate XML parsing and validation and which have methods that map directly to the elements and attributes appearing in the input XML schema. This approach gives the programmer access to XML elements and attributes as Java classes, and also generates methods to read and write XML objects to and from XML document. With this approach no more complex APIs are needed to access and process XML data. Combined with user-written DJ behavior files, this approach provides software developers an adaptive solution to XML applications with good separation of functional concerns. 
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