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Programmers using Visual Basic® 6.0 have long bowed to the altar of the ADO recordset. It's probably the most
commonly used data structure in Windows®-based applications today. The ADO.NET DataSet is poised to play a
similar role in the realm of managed Windows-based applications.

When you need to extract information from a database, present it to the user, and apply updates, the DataSet is
often the best fit. The DataSet has been used quite successfully for a variety of solutions targeting the Microsoft® .
NET Framework. In the case of Web Services, the DataSet can cause interoperability issues.

If you use dynamic data structures like the DataSet it can be harder for developers who use other toolkits to
consume your Web Service. Using typed DataSets in combination with slightly customized Web Services Description
Language (WSDL) definitions, however, gets around this issue. Developers need to understand the issues

surrounding all dynamic data structures (like the DataSet) before using them in Web Service interfaces.

Levels of Interoperability

The ability to process data regardless of where it comes from is the most primitive level of interoperability. | like to
call this "data interoperability.” XML 1.0 was specifically developed to facilitate data interoperability.

Data serialized into XML 1.0 is easy to extract and manipulate on any platform using any programming language for
which an XML processor exists, which encompasses practically all languages today. Achieving data interoperability

still requires you to write code against an XML APl exposed by your XML processor, but you don't have to deal with

the byte stream directly (see Figure 1).

Framework-based
App

KML AP1
Figure 1 Data Interoperability Through XML

Applying XML to distributed application technology (Web Services) simplifies interoperability between heterogeneous

distributed systems. Web Services can be built using XML APIs directly. This approach gives you full control over
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message processing, but it requires you to implement a great deal of common Web Service infrastructure, which
can decrease productivity and introduce bugs that can lead to more interoperability problems.

Distributed technology vendors (like Microsoft) have been busy developing Web Service toolkits that provide this
common infrastructure, helping reduce the XML API code required of the Web Service developer. The Microsoft ASP.
NET WebMethod framework is one such toolkit that removes almost all traces of the lower-level System.Xml APIs.
Web Service toolkits accomplish this by defining mappings between application types and XML Schema types,
thereby automating the translation between XML documents and object instances at run time.

For example, consider the following WebMethod named CalculateMortgage that takes a Mortgagelnfo object as input

and returns a MortgagePayments object to the caller:

[ WebSer vi ce( Nanespace="ht t p: // exanpl e. or g/ nor t gage") |
public class MrtgageService : WbService

{
[ WebMet hod]
publ i ¢ Mort gagePaynents Cal cul at eMort gage(
Mor t gagel nf o mi nf o)
{
/1 cal cul ate nortgage
return new Mort gagePaynent s();
}
}

Within this method, the developer is simply working with objects, but the [WebMethod] attribute tells the ASP.NET
infrastructure to treat this method as a Web Service operation. So in this case the infrastructure automatically maps
the Mortgagelnfo and MortagePayment classes to XML Schema type definitions.

Figure 2 shows the Mortgagelnfo and MortgagePayments C# class definitions used by the CalculateMortgage
WebMethod, while Figure 3 shows the XML Schema type definitions generated by the ASP.NET infrastructure. With
these XML schema definitions in place, it's clear what the other side should expect in terms of XML.

Web Service toolkits make it easy to ignore XML since the Web Service developer deals only with objects. The
toolkit on the other end of the wire, however, may also want to map the XML to objects. For example, a developer
who uses the Java language might use something like Apache's Axis toolkit to consume this Web Service. To do so,
he would use the WSDL2Java utility to automatically generate Java classes from the XML Schema type definitions
(see Figure 4). This makes it possible for the Java developer to also work with objects without having to drop down
to the lower-level Java XML APIs.

Now let's discuss the next level of interoperability—what | like to call "toolkit interoperability." Toolkit
interoperability means that | can write Web Service code in one toolkit and easily consume it using another toolkit
without dropping down to the lower-level XML APIs. There must be an equivalent object mapping or the other side

will have to drop down and deal with XML directly (this is illustrated in Figure 5).
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Figure 5 Toolkit Interoperability

Toolkit interoperability is harder to achieve due to the many differences in programming languages and type

systems. The DataSet is one type that presents some interesting challenges to toolkit interoperability.

The DataSet Problem
Most Web Service toolkits do a good job mapping simple class definitions like the ones shown earlier. They begin to
experience problems, however, when derivation and substitution come into play or when dynamic types are used,

such as collections, hash tables, or DataSets. You should consider the following .NET Framework signature:

[ WebMet hod]
publ i c Dat aSet Get Aut hors()

{
[/l return DataSet filled with authors

What should DataSet be mapped to in terms of XML Schema? The DataSet is a polymorphic type whose actual
layout isn't determined until run time, after the DataSet has been filled with data.

The following XML Schema definition contains the element declaration for GetAuthorsResponse. Notice that
GetAuthorsResponse contains an optional element named GetAuthorsResult, which contains two children: an
XMLSchema schema element (s:schema), followed by a wildcard (s:any) indicating that any element from any

namespace can be provided:

<s: el enent nane="Get Aut hor sResponse" >
<s: conpl exType>
<s: sequence>
<s:el ement m nCccurs="0" maxCccurs="1"
name=" CGet Aut hor sResul t " >
<s: conpl exType>
<s: sequence>
<s:el enent ref="s:schemn" />
<s:any />

</s: el enment >

This indicates that a schema will be provided at run time that will describe the XML that follows it. Here's what this

would look like in the SOAP response:

<soap: Envel ope
xm ns: soap="http://schemas. xnl soap. or g/ soap/ envel ope/ "
xm ns:s="http://ww.w3. org/ 2001/ XM_Schenma"
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>
<soap: Body>
<Cet Aut hor sResponse
xm ns="http://exanpl e. or g/ dat aset - servi ce">
<Get Aut hor sResul t >
<s:schema> *** schenm goes here *** </s:schenma>
*** xm goes here ***

</ soap: Envel ope>

Since the toolkit won't be able to determine the actual types used in the DataSet until run time, the next question is

what the XML Schema definition (just shown) should map to in other environments like Apache's Axis toolkit.

Toolkit Bindings
At design time, when the Java developer runs WSDL2Java, there isn't enough information in the schema definition

to do anything other than map the s:any element to java.lang.Object, as follows:

public class CGetAuthorsResult inplenents java.io.Serializable {
private java.lang. Obj ect any;

// omtted for brevity

As it turns out, Axis can't even get that far because it doesn't like the reference to the s:schema element that
precedes s:any; it throws an exception and fails to produce anything in this case. If the schema reference didn't
exist, however, the Java class would look something like the one shown previously.

Since neither the developer nor the toolkit have any additional type information (about the structure of the author
information in this case), the only thing that makes sense is for the toolkit to provide a DOM tree in the field
containing the parsed XML. Hence, in order for Java developers to consume this Web Service, they'll have to drop
down and use their equivalent DOM API directly. The code in Figure 6 shows you how to do this.

You will experience this issue with any toolkit that doesn't have a special case for DataSets in the .NET Framework.
You'll even have to deal with the DOM API directly using the Microsoft SOAP Toolkit for COM developers.

According to the definitions | provided earlier there is still data interoperability in this situation (it's just XML), but a
level of toolkit interoperability is lost since the consuming developer is now required to deal with the raw XML. If |
know I'm returning a collection of author records with a well-defined format, there are a few ways | could make it

easier for users of other toolkits to process my data without touching the XML APIs directly.

Avoiding DataSet
Probably the easiest way around this is to not use DataSets in your Web Service interfaces. For example, in this

case you could define a class that models author information and declare the GetAuthors method as follows:

public class Author

{
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public string id;
public string au_fnaneg;
public string au_l nane;

[ WebMet hod]
public Author[] GetAuthors()

{
Dat aSet aut horsDS = Get Aut hor sFronDB() ;
/1 wal k through DataSet and generate
/] Author array to return

Here I'm manually mapping a DataSet to the static type Author (since I'm probably only using the DataSet here to
retrieve the data from the database, it probably makes more sense to use IDataReader directly since it would
provide a more efficient solution). In this case there would be a natural mapping between the Author class and the
equivalent XML Schema definition, which also map nicely back to an equivalent Java class (like the
CalculateMortgage example shown earlier).

With something like this in place, the Axis developer would be able to write code without touching the XML APIs
directly (see Figure 7). Another way to accomplish this would be to generate a typed DataSet from an XML Schema

definition and use it instead of the generic DataSet.

Typed DataSets

Typed DataSets are classes that derive from DataSets and expose strongly typed members that depict a specific
view of the data. Unlike generic DataSets, typed DataSets are bound to a specific structure, an XML Schema
definition, at design time. You can automatically generate typed DataSets from XML Schema definitions using xsd.
exe or the built-in designers in Visual Studio® .NET.

Figure 8 contains an XML Schema definition that describes the author records | intend to return from my Web
Service. After running this schema through xsd.exe using the /dataset switch (or using the Visual Studio .NET

designer), I'll have a new class named AuthorSet that derives from DataSet, as shown here:

[Serializable()]
public class AuthorSet : DataSet {

private aut horsDat aTabl e t abl eaut hors;

/] strongly typed accessors

The infrastructure knows what the schema definition should be for this typed DataSet, so it shouldn't have to
provide a schema at run time anymore (although it still does). Now | can create a new WebMethod that returns an

AuthorSet object:
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[ WVebMet hod]
publ i c AuthorSet Get Aut hor sAsTypedDat aSet ()

{
Aut hor Set aus = new Aut hor Set () ;

sql Dat aAdapter1. Fi |l (aus);
return aus;

Now the infrastructure has enough information to inform clients at design time about the structure of the author
records in the returned set. When the ASP.NET infrastructure generates the WSDL and XML Schema definitions,
however, it imports the typed DataSet's XML Schema definition and uses a constrained wildcard, as shown in
Figure 9.

Since there is no longer a reference to the s:schema element, WSDL2Java is able to generate Java classes
successfully. And since the import statements give it access to the XML Schema definition for AuthorSet, it can
generate equivalent Java classes that represent the author information. Axis, however, still maps the wildcard (s:
any) to java.lang.Object, which will contain a DOM tree at run time. This gets me further than before, but still

leaves the client working with the DOM API directly.

Customizing the Schema

Since you know the wildcard slot is always going to contain an AuthorSet, you might be tempted to just modify the
schema definition to reference the AuthorSet element instead of the wildcard. The wildcard, however, is actually a
placeholder for the generic DataSet schema (which doesn't make much sense since the wildcard is constrained to
the http://example.org/dataset namespace). In other words, when you execute the WebMethod, the
GetAuthorsAsTypeDataSetResult element will contain a schema element followed by a diffgram element, and the
diffgram element will contain the AuthorSet element.

But since you know the structure ahead of time, you don't need to provide a run-time schema or a diffgram
element; you can simply return an AuthorSet element. The way to do this is to define a new WebMethod that
doesn't return a DataSet, but rather an XmINode. Then if you return an XmlDataDocument that wraps the typed
DataSet object, only the AuthorSet element is returned to the client, without the run-time schema or diffgram

elements:

[ WebMet hod]
publ i c Xm Node Get Aut hor sAsXm ()

{
Aut hor Set aus = new Aut hor Set () ;

sql Dat aAdapter1. Fill (aus);
return new Xm Dat aDocunent (aus) ;

XmiDataDocument is inefficient since it roughly doubles the size of the original DataSet. Since it's transient, it may
be acceptable.

Specifying that the method returns an XmINode will also result in a wildcard in the generated schema, but now you
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can replace the wildcard with a reference to the AuthorSet element, as shown here:

<s: el enent nane="Get Aut hor sAsXm Response" >
<s: conpl exType>
<s: sequence>
<s:el enent m nCccurs="0" maxCccurs="1"
name="Cet Aut hor sAsXm Resul t " >
<s: conpl exType>
<s: sequence>
<s:el enent ref="x:AuthorSet" />
</ s: sequence>
</ s: conpl exType>

You'll have to make sure clients no longer retrieve the auto-generated WSDL file once you start down this path.
Instead you'll want to specify a custom WSDL file location by using the WebServiceBindingAttribute (see the
Location property) or by providing a static WSDL file on your server and disabling the automatic WSDL generation.

You can disable the automatic WSDL generation by adding the following section to your web.config file:

<webServi ces>
<pr ot ocol s>
<renpbve nane="Docunentation" />
</ pr ot ocol s>
</ webSer vi ces>

Now the Web Service can still work with DataSets and other clients can process the results as an array of objects.
Figure 10 shows what an Axis client would look like in this case.
If this seems like a big hassle just to use DataSets, you can always avoid them in your Web Service interfaces or

simply require your clients to deal with the XML directly. It all comes down to what you want other toolkits to see.

The Ultimate Solution

This problem could eventually go away if the industry defined a standard XML Schema definition for representing
database resultsets and all toolkits properly supported it. Then toolkits could map their native resultset types to the
standardized schema. The same holds true for other dynamic types like collections, hash tables, lists, queues, and
so on. Standardizing XML Schema definitions for such types would have the effect of promoting toolkit
interoperability across a wider range of extremely useful and commonly used data structures.

If this were a reality, you could return a generic DataSet (like the first GetAuthors example) and the Axis toolkit
could map it to a JDBC WebRowSet (or something equivalent). Then, the Java developer could bind the WebRowSet
to a Ul component, allow the user to modify the data, and pass an updated set back to the server—all with very
minimal code. The updated set could then be deserialized back into a DataSet on the server in order to apply the
changes to the data.

This solution makes the most sense if you think about why you would want to use a DataSet in a Web Service.
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DataSets are typically used when you need to present data to the user in a generic fashion (usually in a grid), allow
the user to make changes, and apply updates back to the database. The techniques described here don't support
this pattern (since you don't get data binding or diffgram support with DOM trees or arrays), so it's a lot like
pounding a square peg into a round hole.

Of course, standardizing anything in this industry is much easier said than done. Don't hold your breath waiting for

such standards to become codified and supported throughout today's toolkits.

A .NET Framework Workaround

You've probably seen trade show demos in the past where the presenter returned a DataSet to a .NET Framework
client and somehow it magically became a DataSet on the other end. This works because the Web Service
infrastructure in the .NET Framework looks for a special flag in the runtime-provided XML Schema definition called
IsDataSet. For example, in the case of the GetAuthorsAsTypedDataSet example, the AuthorSet element declaration

will look like this in the runtime-provided schema:

<xs: el ement name="Aut hor Set" nsdat a: | sDat aSet ="t rue" >

The IsDataSet flag is the "wink" to the client, telling it to deserialize the XML back into a DataSet. Obviously, this
only works for .NET Framework clients or other toolkits that have provided this hardcoded special case (there are
none that | know of today). The code in Figure 11 shows how a Visual Basic® .NET client could invoke both
GetAuthors and GetAuthorsAsTypedDataSet and easily map the returned DataSet to a DataGrid (on a Windows
Form).

It would be just as easy across all toolkits and a variety of database APIs if there was a standardized schema for
database resultsets that everyone supported. Ironically, once you have something like this in place, it's actually
more tedious to work with an array of Author objects when your goal is to present the data to the user for generic

manipulation.

Wrapping It Up

XML and Web Services provide basic data interoperability today. If you're willing to work with XML APls, there isn't a
Web Service in the world that you can't consume. If, however, you'd rather tuck the XML APIs under the rug and
never deal with them again, be careful with dynamic types like the DataSet. Using the generic DataSet in Web
Service interfaces will force developers using other toolkits to deal with the XML directly. Using typed DataSets in
combination with slightly customized WSDL definitions gets around this issue by exposing the results as a simple
array of objects. The ultimate solution, however, would be to standardize an XML Schema definition for representing

database resultsets that could be supported across all toolkits.

Send your questions and comments for Aaron to xmlfiles@microsoft.com.
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Figure 2 Class Definitions

public class Mrtgagel nfo

{
publ i ¢ doubl e anmount;
public doubl e years;
publ i c doubl e interest;
publ i c doubl e annual Tax;
publ i ¢ doubl e annual | nsur ance;
}
public class MrtgagePaynents
{
publ i ¢ doubl e Mont hl yPI;
publ i ¢ doubl e Mont hl yTax;
publ i ¢ doubl e Mont hl yl nsur ance,;
publ i ¢ doubl e Mont hl yTot al ;
}

Figure 3 XML Schema Type Definitions

<s: conpl exType nanme="Mort gagel nfo">
<s: sequence>
<s: el enent nane="anmount" type="s:double" />
<s: el enent nane="years" type="s:double" />
<s: el enent nane="interest" type="s:double" />
<s: el enent nane="annual Tax" type="s:double" />
<s: el enent nane="annual | nsurance" type="s:double" />
</ s: sequence>
</ s: conpl exType>

<s: conpl exType nane="MortgagePaynents" >
<s: sequence>
<s: el enent nane="Monthl yPl" type="s:double" />
<s: el enent nane="Mont hl yTax" type="s:double" />
<s: el ement nane="Mont hl yl nsurance" type="s:double" />
<s: el enent nane="MnthlyTotal " type="s:double" />
</ s: sequence>
</ s: conpl exType>

Figure 4 Apache Axis-generated Java Class Definitions

/**

* Mortgagel nfo.java
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*

* This file was auto-generated from WSDL
* by the Apache Axis WSDL2Java em tter.
*

/

public class Mrtgagelnfo inplenents java.io.Serializable {
private doubl e anount;
private doubl e years;
private double interest;
private doubl e annual Tax;
private doubl e annual | nsur ance;

public Mrtgagelnfo() {
}

publ i c doubl e get Amount () {
return anount;

public void set Amount (doubl e anmount) {
t hi s. amount = anount;

[/ remainder onmited for brevity

/**

* MortgagePaynents. java

*

* This file was auto-generated from WSDL
* by the Apache Axis WSDL2Java em tter.
*/

package nortgage_t ool s;

public class MrtgagePaynments inplenents
java.io. Serializable {
private doubl e nonthlyPl;
private doubl e nonthl yTax;
private doubl e nonthl yl nsurance;
private doubl e nonthl yTotal ;

publ i c MortgagePaynments() {
}

publ i ¢ doubl e get Mont hl yPI () {
return nonthl yPl;

public void setMnthl yPl (doubl e nonthl yPl') {
this.monthlyPl = nonthl yPl;

[/ remainder omtted for brevity

Figure 6 Axis Client Program (Using XML APIs)
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i nport java.io.*;

i mport org.exanple.*;

i mport org.w3c.dom *;

i mport org.apache. xerces. dom *;

i mport org. apache. axi s. nessage. *;

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

{

Dat aSet Ser vi ceSoapSt ub stub =
new Dat aSet Ser vi ceSoapSt ub(new j ava. net. URL(
"http://local host/ds/ds.asnmx"), null);

Get Aut hor sAsTypedDat aSet Result result =

st ub. get Aut hor s() ;

bj ect any = result.get Any();

/Il it's really a DOM tree

El enent docEl enent = (El enent) any;

NodelLi st aut hors = docEl enent . get El enent sBy TagNaneNS(
"http://exanpl e. org/ dataset", "authors");

for (int i=0; i<authors.getLength(); i++)

{
El ement aut horsél em = (El ement) aut hors.iten(i);
El enent | mpl f nameEl em =

(El enent | npl ) aut hor sEl em get El enent sBy TagNameNS(
"http://exanpl e.org/ dataset","au_fnanme").item0);

System out . print | n(f nameEl em get Text Content ());

}

}

Figure 7 Axis Client (No XML APIs)

i mport java.io.*;
i mport org.exanple.*;

public class AuthorsCient {
static void nmain(String[] args) throws Exception
{
Dat aSet Ser vi ceSoapSt ub stub =
new Dat aSet Ser vi ceSoapSt ub( new
java.net.URL("http://l ocal host/ds/ds.asnmx"), null);
Aut hor[] authors = stub. get Aut hors();
for (int i=0; i<authors.length; i++)
Systemout. println(authors[i].getAu_Fnane());

Figure 8 Typed DataSet XML Schema Definition (AuthorSet.xsd)
<xs:schema i d="Aut hor Set"

t ar get Namespace="htt p: // exanpl e. or g/ dat aset "
xm ns="http://exanpl e. or g/ dat aset "
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xm ns: xs="http://ww. w3. or g/ 2001/ XM_Schena"
el ement For nDef aul t =" qual i fi ed"

<xs: el ement nane="Aut horSet" ...>
<xs: conpl exType>
<xs: choi ce maxCccur s="unbounded" >
<xs: el ement name="aut hors">
<xs: conpl exType>
<Xs: sequence>
<xs:el ement name="au_id" type="xs:string" />
<xs: el enent nanme="au_| name" type="xs:string" />
<xs: el ement name="au_f nane" type="xs:string" />

</ xs: sequence>
</ xs: conpl exType>
</ xs: el ement >
</ xs: choi ce>
</ xs: conpl exType>

</ xs: el enent >
</ xs: schema>

Figure 9 GetAuthorsAsTypedDataSet XML Schema Definition

<definitions
xm ns: s="http://ww. w3. or g/ 2001/ XM_Schema"
t ar get Nanespace="htt p: // exanpl e. or g/ dat aset - servi ce"
xm ns="http://schemas. xm soap. or g/ wsdl /"

<i nport nanespace="http://exanpl e. org/ dat aset"
| ocation="http://I|ocal host/ds/ds. asmx?schema=Aut hor Set" />
<t ypes>
<s: schema
el ement For nDef aul t =" qual i fi ed"
t ar get Namespace="htt p: / / exanpl e. or g/ dat aset - servi ce"

>

<s:inmport namespace="http://exanpl e. org/dataset" />

<s: el enent nane="Get Aut hor sAsTypedDat aSet Response" >
<s: conpl exType>
<s: sequence>
<s: el ement m nCccurs="0" maxCccurs="1"
name=" Get Aut hor sAsTypedDat aSet Resul t " >
<s: conpl exType>
<s: sequence>
<s: any
namespace="htt p://exanpl e. or g/ dat aset" />
</ s: sequence>
</ s: conpl exType>
</s: el ement >
</ s: sequence>
</ s: conpl exType>
</ s: el enent >
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</s: schema>

</definitions>

Figure 10 Axis Client from Typed DataSet
i nport org. exanpl e.*;

public class AuthorsCient {
static void main(String[] args) throws Exception
{
Dat aSet Ser vi ceSoapSt ub stub =
new Dat aSet Ser vi ceSoapSt ub(new j ava. net. URL
("http://1ocal host/ds/ds.asnmx"), null);
Get Aut hor sAsTypedDat aSet Result res =
st ub. get Aut hor sAsTypedDat aSet () ;
Aut hor Set aset = res. get Aut hor Set () ;
Aut hor[] authors = aset.get Aut hors();
for (int i=0; i<authors.length; i++)
System out. println(authors[i].getAu_Fnane());

Figure 11 Mapping DataSet to a DataGrid

Private Sub Buttonl_Cick(ByVal sender As System Object,
ByVal e As System Event Args) Handl es Buttonl.Cick
Di m svc As Dat aSet Servi ce = New Dat aSet Servi ce()
Dimds As DataSet = svc. Get Aut hors()
Dat aGri d1. Dat aSource = ds. Tabl es. Iten(0)
End Sub

Private Sub Button2 O ick(ByVal sender As System bject,
ByVal e As System Event Args) Handl es Button2. Cick
Di m svc As Dat aSet Service = New Dat aSet Servi ce()
Di m auset As Aut hor Set = svc. Get Aut hor sAsTypedDat aSet ()
Dat aGri d1. Dat aSour ce = auset. aut hors
End Sub
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