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1 Web Services

In recent years, no force has reshaped the technology industry more than the Internet. The channels of communication 
that are provided by the Internet have created an ever-increasing dependence on its presence and its related technolo-
gies. This dependence has in turn created many opportunities for the technology industry to utilize Internet capabilities 
in almost every business aspect. Rarely is a new product created without thought being given to the Internetôs role in its 
development.

Because the Internet provides the platform to eliminate communication barriers, the need to utilize this same technol-
ogy in other areas to create compatible applications has become apparent. Prior to the Internet age, one would not have 
considered the interconnection of incompatible applications as a simple project. However, with the advent of Internet 
technologies, connectivity between disparate platforms, operating systems, and programming languages has become 
commonplace and we no longer need to function within the limitations of applications compatibility. Internet technologies 
have led to the ability of multiple dissimilar entities being able to communicate. We call this technology Web Services.

The World Wide Web Consortium (W3C) deý nes a Web Service as a software system identiý ed by a URL, whose public 
interfaces and bindings are deý ned and described using XML. Its deý nition can be discovered by other software systems. 
These systems may interact with the Web Service in a manner prescribed by its deý nition, using XML based messages 
conveyed by Internet protocols.

Web Services can be deý ned by their ability to perform functions that are accessible to other software applications. Web 
Services use SOAP (Simple Object Access Protocol), an XML protocol, to communicate methods that implement business 
logic. A Web Service can be completely contained, in that the input and output are processed without accessing other 
components, such as a Web Service that provides the conversion from Fahrenheit to Celsius. The conversion logic does 
not require outside information. A Web Service can also access other components, such as Legacy Systems, to obtain 
data that is returned as a response. By wrapping legacy system functionality into web services, you can make them 
visible, useable and available to internal or external applications. For example, given an account number, the response 
could be the name and address information for that account that resides on a Legacy System.
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It is important to note that by using Web Services you will not be discarding your existing applications. The functions of 
these applications will be encapsulated to become Web Services in order to support a more þ exile and streamlined busi-
ness model. Any function performed by a legacy system is a candidate for Web Services.

Some Examples:

Ā Data entry of information (such as time or payroll data) from various locations

Ā Immediate processing of information, such as loan applications or travel reservations

Ā Distribution of documents, such as enterprise-wide reports or web-issues of newspapers and magazines

By identifying core functionality that your clients (internal or external) need today, you are well on your way to determining 
what components exist that can take advantage of Web Services. You therefore create a more þ exible, robust IT environ-
ment. As an additional beneý t, Web Services can be packaged into reusable object form to accomplish several different 
functions, ultimately saving you time and money.

At a technical level, Web Services access is accomplished via Remote Procedure Calls (RPC). An RPC is a local func-
tion (procedure) call issued by a Client resulting in a corresponding function being executed on a Server. The Server then 
exposes or makes available a set of components (functions) that make up the Web Services. A single web service compo-
nent can be requested from several different locations, each call maintaining a unique environment. For example, multiple 
Automatic Teller Machines (ATMs) can operate simultaneously from various locations throughout a city, all serviced by a 
common Server utilizing shared Web Services functions and maintain total account integrity.

In order for the Server to interact directly with Web Services, the Client maintains a component referred to as a Proxy. A 
Proxy is a component that masquerades as the Web Service that is being exposed by the Server. The Proxy maintains 
the same procedure names, with the same input and output parameters as the Server but contains none of the business 
logic. When a Client calls the proxy, the input parameters are packaged up and sent to the appropriate Server, where the 
input parameters are unpackaged and a call is made to the real Web Services procedure (method) with the appropriate 
input parameters. When the Web Services method returns output parameters, these output parameters are packaged up 
and returned back to the Client proxy component, where the output parameters are unpackaged, and presented to the Cli-
ent as the output parameters of the proxy routine. The mechanism is called a RPC because the Client calls a local routine 
but the actual routine really exists someplace else.

Once a Web Services component is created, a utility can be used to generate either the proxy component or Web Ser-
vices Deý nition Language (WSDL), depending on the processing environment of the Client.. The proxy component, as de-
scribed above, mirrors the methods of the Web Services component. The WSDL is an XML-based deý nition language that 
describes the Web Services being offered and provides the way to access those services electronically. The proxy must 
conform to the WSDL message format in order to communicate with the Web Service. The Web Services site provides to 
the Client site either the proxy or the WSDL. For example, JAVA sites use WSDL to generate the interface between the 
Client and the Web Services, therefore WSDL generation would be necessary to provide for operation within the JAVA 
environment.

At the Client site, independent of whether a proxy or WSDL is used, the procedure name, input parameters, and output 
placeholders are transformed in a SOAP XML document. That is, a SOAP XML document is sent from the Client site to 
the Web Services site and a SOAP XML document is returned from the Web Services site to the Client site. Moreover, the 
Client utilizes a URL to send the SOAP XML document to the Web Services site. Just as a URL indicates a web site loca-
tion, a URL indicates a Web Services site location.
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The Web Services Gateway architecture from The Stahura-Brenner Group provides the ability to:

Ā Receive/transform a SOAP XML document into a call on a Web Services procedure as well as transform the output
  parameters into a SOAP XML document before sending the response to the Client

Ā Allow a site to create the Web Services using Microsoftôs .NET framework, thus allowing Web Services to be written
  in any of the .NET languages

Ā Allow IBM MQSeries with all of its inherent beneý ts, as well as the more commonly used HTTP (TCP) to be used as
  the messaging transport for the SOAP XML documents
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2 Goals

2.1 Business Goal

Ā Extend life of legacy system application by exposing them as Web Services

Ā Provide a means for the gradual replacement of a legacy system.

Ā Insure message delivery by utilizing MQSeries messaging to transport Web Services request and response

Ā Provide cost-effective, high-volume transaction support by utilizing proven technology

Legacy System Web Services
Each Web Service can implement:

Ā A single Legacy System transaction

Ā A set of Legacy System transactions

Ā A combination of a set of Legacy System transactions, existing Web Services, and/or SQL access statements

A conservative approach would implement the base set of Legacy Transactions, each as a single Web Service. An ag-
gressive approach would consolidate the responses to multiple Legacy System transactions into a single Web Service.

MQSeries
The IBM MQSeries family of products enables applications to communicate with one another through a mechanism 
known as message-driven processing. Message-driven processing is accomplished when multiple applications, operating 
on the same or different platforms, communicate by placing messages in a message queue using the appropriate mes-
sage queuing software product. The message queue acts as a virtual mailbox, receiving and storing messages from one 
application on a network and allowing other applications on the same network to retrieve the message. Utilizing MQSeries 
allows dissimilar programs to operate independently of one another, operate at different speeds, locations, and times, and 
require no logical similarity or connectivity. Communications protocols and other network complexities are hidden from the 
applications.
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2.2 Software Design Goals

Ā Create product focused on enabling Web Services for Legacy Systems

Ā Allow the development of Web Services via .NET Assemblies in any of the .NET languages

Ā Support high throughput and low resource utilization

Ā Provide support for changing/replacing .NET Web Services components

Ā Isolate client environment from modiý cations to Web Services components

Ā Provide real-time coný guration

Ā Provide a robust, integrated tracing facility that extends all the way to the site written Web Services

2.3 General Philosophy

Many powerful legacy integration applications promote their visual development approach, whereby non-programmers 
can use visual tools to diagram business logic and automatically generate the requisite ý lters or adaptors. While this 
works well in prototype environments and sells well in the executive suite, they typically do not generate the robust func-
tionality and high-volume reliability required by enterprise installations. The SBG philosophy is to employ Web Services 
logic using .NET to shorten the development cycle and deploy proven applications.

The Web Services speciý cations were developed by the W3C industry consortium to address enterprise integration chal-
lenges that are vendor and platform neutral. We believe that focused Web Services projects have a much higher probabili-
ty of successful deployment, on time and within budget, than a single over-reaching enterprise-wide Web Services project.
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3 Functional Architecture

A Connection Module receives requests for Web Services. At this time, Connection Modules support requests over either 
MQSeries or HTTP(TCP).

IBMôs MQSeries is a messaging protocol that provides a highly robust asynchronous interface where guaranteed delivery 
is a requirement. MQSeries is typically used in large corporate environments for internal communication between dispa-
rate systems. It can also be used to send message across the Internet in B2B partner interfaces.

HTTP is the protocol of client Internet browsers that enables web site access throughout the world.

The Microsoft .NET Framework is a computing platform designed to simplify application development. A .NET Assembly 
contains the code that the .NET runtime executes, and metadata necessary to describe the components located within the 
assembly. It consists of a collection of components that have been generated by any combination of .NET source lan-
guage compilers. Among the Microsoft .NET source languages are Visual Basic, Visual J (Java), COBOL, and C# (pro-
nounced óC Sharpô). Web Services are implemented as .NET Assemblies. A .NET Assembly can contain multiple classes 
where each class exposes a set of methods. The classes are in fact the Web Services.

Communication Modules provide a transactional interface to Legacy System applications. Currently two protocols are sup-
ported: TCP and LU 6.2. The Connection Module exposes methods that allow the .NET Assemblies to communicate with 
the Legacy System.

It is also possible for the .NET Assembly to access the Legacy System via a SQL interface or to access other Web Ser-
vices provided somewhere in the network. In these cases, there is no need to use the Legacy System Communication 
Module.

The combination of either an MQ Series or TCP Connection Module, a set of .NET Assemblies, and an optional Legacy 
System Connection Module is called a Queue Server. A Queue Server typically represents a Web Service Application. 
Note that this Web Service application can provide data from more than one Legacy System and therefore it is not a 
necessity that the Web Service and the Legacy System application maintain a one-to-one relationship. While the primary 
focus of this architecture is to allow Legacy Systems to expose their transactions as Web Service, the Legacy Systems 
can also invoke Web Services that exist in the network. For further information see the Invocation of Web Services from 
Legacy Systems section.
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4 Component Architecture

In the current Microsoft Windows world, two types of code exist: managed code and unmanaged code. Managed code 
executes under control of the .NET runtime. Unmanaged code does not execute under the control of the .NET runtime. 
Where unmanaged code often operates at a more primitive level, managed code facilitates the development of safer, 
more reliable code.

The trick of this architecture is to meld unmanaged and managed code into the optimal combination of feature, function, 
þ exibility, and performance. These goals are primary to the concepts and tools described below.

Connection Module
A Connection Module is a Stahura-Brenner Group unmanaged code component. It is responsible for providing the Web 
Services transport interface and the Legacy System communication interface. The choice of the interface is made via 
coný guration information.

In the case of the Web Services interface, a site can coný gure the number of active threads or workers. For the MQSeries 
interface, this corresponds to the number of workers removing messages from the MQSeries  queue. Each of these work-
ers then invokes an instance of the .NET Assembly to achieve a parallel processing capacity.

FilterNETSoap
FilterNETSoap is a Stahura-Brenner Group component of managed code that passes the SOAP XML documents to/from 
the .NET Soap Server as well as providing the interface that the .NET Assembly uses to access the Legacy System.

Microsoft .NET SOAP Server
A Microsoft managed code component exposes methods that translate a SOAP XML document into calls to the appropri-
ate method in a .NET Assembly.

.NET Assemblies

.NET Assemblies are site-written managed code containing classes that are the Web Services. .NET Assemblies can be 
written in any one of the .NET languages. The .NET Assemblies have the option of calling methods exposed by Communi-
cations Modules to communicate with Legacy Systems.

FilterNETRequestor
FilterNETRequestor is a Stahura-Brenner Group provided managed code component that delivers a message originating 
from a Legacy System to a method contained within a .NET Class. Coný guration information establishes the relationship 
between a Message Key and the .NET Class that will process the message. The .NET Class receiving the Legacy Sys-
tem message can issue a Web Service request or perform any other kind of processing supported by .NET, such as the 
submission of email.
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5 Application Domains

An Application Domain is a boundary that the Microsoft .NET framework establishes around the objects created within the 
same application scope.  They help isolate objects created in one application from those created in other applications.

Each separately deý ned Queue Server operates in its own unique Application Domain.  When a Queue Server is initiated, 
the Kernel ý rst initiates the Web Services Connection Module and then, if necessary, initiates the Legacy System Connec-
tion Module.

Upon initiating the Web Services Connection Module, the Kernel determines the type of Filter being initiated. If the Filter 
type is managed code such as FilterNETSoap, the Kernel ensures that the Application Domain of the Queue Server has 
been created. The Kernel then instantiates the FiletNETSoap component within the Queue Serverôs Application Domain. 
FilterNETSoap instantiates the Microsoft .NET SOAP Server class, which in turn instantiates .NET Assemblies that offer 
the Web Services. All of these objects exist within the same Application Domain.

When additional threads (workers) of the Web Services Connection Module are initiated, they share the objects within the 
same Application Domain.

Not only do managed objects that comprise a Queue Server run in the same Application Domain, the assemblies must 
exist within the same base directory on disk.

The major beneý t for placing all managed code in the same Application Domain is the isolation of applications. Many dif-
ferent kinds of Web Services, as well as production and test versions can peacefully coexist on the same platform.

Only when an Assembly is not in use may it be replaced or removed.  Typically .NET manages when .NET components 
are destroyed. For performance reasons, when a .NET component is exited, it is placed in a cache for reuse.  If it is not 
needed for a period of time, or the resources it is using are needed, it will be stopped (destroyed). In order to permit 
replacement, the Web Services Gateway takes advantage of the Application Domain feature to assure that all objects 
contained within a Queue Server terminate when the Queue Server terminates.  When a Queue Server terminates, the 
Application Domain is terminated.
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6 Web Service Architecture

A Web Service is a .NET class written in any of the Microsoft .NET languages. These classes expose the methods that 
are the Web Services. The Web Services are called directly from Microsoftôs .NET SOAP Server component. It is the 
Microsoft .NET SOAP Server that:

Ā Determines which .NET Assembly to call based on the URL

Ā Determines which exposed method to call based on a node in the XML document

Ā Determines and sets the input parameters based on nodes in the XML document

Ā Determines and sets the XML nodes of the output parameters, if any, and the value of the function, if any.

Access to the Legacy System by the .NET Assembly classes is achieved through a set of methods exposed by the Filter-
NETSoap component. In particular, these methods are exposed via the FilterNETSoapFromApp interface of the Filter-
NETSoap Component. These methods are:

GetAttribute
Retrieves the value of the speciý ed attribute. For example, an MQSeries message attribute related to the SOAP message 
being processed.

SetAttribute
Sets the value of the speciý ed attribute. For example, the MQSeries queue to which the SOAP response is to be delivered 
(this overrides the default value)
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GetAttributeHandle
Translates a name into a handle. This handle can then be used with GetAttribute or SetAttribute to retrieve or set values.

SendRequest
Sends a message to the Legacy Server

GetResponse
Waits for a message from the Legacy Server.

SendResponse
Sends an unsolicited MQ Series message. Normally, this function will not be used. Instead, the .NET Assembly will return 
the response as either output parameters or the value of the function.

As expected, the Legacy System response to a Legacy System request is associated with the same instance of the .NET 
Assembly that initiated the request. While this seems to be an intuitive concept, the code gymnastics to support this con-
cept are not obvious.

7 Web Service .NET Assembly

Imports System

Imports FilterNet

Public Class WebTest1Class

    Inherits MarshalByRefObject

    Function SetAtt(ByVal hAtt As Integer, ByVal strVal As String) As Integer

        SetAtt = FilterNetSoapFromApp.SetAttribute(hAtt, strVal, Soap.DataType.TLPSZ)

    End Function

    Function GetAtt(ByVal hAtt As Integer) As String

        Dim intRslt As Integer

        Dim strRslt As String

        intRslt = FilterNetSoapFromApp.GetAttribute(hAtt, strRslt, 255)

        If intRslt = Soap.Rslt.OK Then

            GetAtt = strRslt

        Else

            GetAtt = ñInvalidò

        End If

    End Function
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   Public Function M1 (ByVal intCount As Integer, ByVal strRequest As String) As String

        Dim strHostResponse As String

        Dim strTrailer As String

        SetAtt(Soap.AttHandle.ReqHdrAppText, ñApplication Textò)

        FilterNetSoapFromApp. SendRequest (ñM1 Request:ò & strRequest )

        FilterNetSoapFromApp. GetResponse (strHostResponse)

        strTrailer = ñAppText=ò & GetAtt(Soap.AttHandle.RespHdrAppText) & ñ;ò & _

                     ñ TransportType=ò & GetAtt(Soap.AttHandle.RespHdrTransportType) & ñ;ò & _

                     ñ Destination=ò & GetAtt(Soap.AttHandle.RespHdrDestination) & ñ;ò & _

                     ñ MsgKey=ò & GetAtt(Soap.AttHandle.RespHdrMsgKey) & ñ;ò & _

                     ñ RequestID=ò & GetAtt(Soap.AttHandle.RespHdrRequestID) & ñ;ò & _

                     ñ ResponseTrancode=ò & GetAtt(Soap.AttHandle.RespHdrResponseTrancode) & ñ;ò & _

                     ñ Timestamp=ò & GetAtt(Soap.AttHandle.RespHdrTimestamp) & ñ;ò

        M1 = ñResponse ñ & CStr(intCount) & ñ From M1 at AppDomain ñ & _

             ControlChars.Quote & AppDomain.CurrentDomain.FriendlyName & ControlChars.Quote & _

                   ñ = ñ & strRequest & _

          ñ; HostResponse = ñ & strHostResponse & _

          ñ; Trailer = ñ & strTrailer

    End Function

End Class
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The previous example is a .NET Assembly that is made up of a single class that exposes the M1 method. There are two 
input parameters to this particular web service:

intCount
An Application Domain scope count of the number of M1 Web Services calls.

strRequest
A text string passed from the client indicating what is to be done. There is an assumption that the Legacy System knows 
how to process the ñM1 Request: ñ & strRequest message.

The general þ ow of the M1 method is as follows:

SetAtt(Soap.AttHandle.ReqHdrAppText, ñApplication Textò)
Places the text ñApplication Textò into the ReqHdrAppText ý eld of the message header

FilternetSoapFromApp.SendRequest
Send the text message to the Legacy System

FilterNetSoapFromApp.GetResponse
Waits for and retrieves the response from the Legacy System

StrTrailer =
A string that contains the application response, GetAtt(Soap.AttHandle.RespHdrAppText), as well as a number of attri-
butes about the message.

M1 =
Constructs the response that will be given back to the client as the result of the invocation of the Web Service. Note that in 
the above case, the response back to the client does not contain any output parameters, just the return value of the func-
tion.
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8 Legacy System Web Service Request Architecture

A Legacy System can also invoke Web Services that exists somewhere in the network. To make this happen, the Legacy 
System Connection module must ý rst invoke connection to the Legacy System. This inbound connection can be coný g-
ured to happen automatically when the particular Queue Server is initiated. Just as the Web Services Connection Module 
has the capability to initiate multiple threads, the Legacy System Connection Module has the capability to initiate multiple 
connections.

Once an inbound connection has been established, the Legacy System sends a request through the connection. The 
message may include a trailer that contains, among other things, a MessageKey. Just as the URL is used in the inbound 
Web Services to determine which .NET Assembly to invoke, the MessageKey is used on the outbound data path to deter-
mine which .NET Assembly to invoke.

On the inbound path, the .Web Services .NET Assemblies can expose multiple methods. On the outbound path, the .NET 
Assemblies expose only a SINGLE method called InputDeliveryRequest.

Access to the Legacy System by the .NET Assembly class is achieved through a set of methods exposed by the FilterNe-
tRequestorAppDef interface. These methods are:

SendRequest
Sends a request to the network (MQ et al)

GetResponse
Wait for and obtain a response for the Legacy System

GetAttribute
Retrieves ancillary information about the Web Services request, such as MQSeries message attributes related to the 
SOAP message being processed

SetAttribute  
Used to set ancillary information such as retrieval or setting of the header and trailer attributes

GetAttributeHandle
Translates a name into a handle. This handle can then be used with GetAttribute or SetAttribute to retrieve or set values
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9 Legacy System Web Service Request .NET Assembly

Imports System

Imports FilterNet

Public Class RequestorTest1

 Inherits FilterNet.FilterNetRequestorAppDef

 Dim m_pFilter As FilterNet.Filter

 Public Sub New(ByRef pFilter As FilterNet.Filter)

      MyBase.New(pFilter)

 End Sub

 Public Overrides Function Initiate(ByVal strInitiate As String) As Integer

      m_pFilter = get_Filter()

      Initiate = Requestor.Rslt.OK

 End Function

 Function GetAtt(ByVal hAtt As Integer) As String

      Dim iRslt As Integer

      Dim strRslt As String

      iRslt = m_pFilter.GetAttribute(hAtt, strRslt, 255)

      If iRslt = Requestor.Rslt.OK Then

          GetAtt = strRslt

      Else

          GetAtt = ñInvalidò

      End If

 End Function
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 Public Overrides Function InputDeliveryRequest (ByVal strRequest As String) As Integer

      Dim strResponse As String

      Dim strTrailer As String

      ó Deposits the message in a queue

      strTrailer = ñAppText=ò & GetAtt(Requestor.AttHandle.ReqHdrAppText) & ñ;ò & _

                   ñ Destination=ò & GetAtt(Requestor.AttHandle.ReqHdrDestination) & ñ;ò & _

                   ñ MsgKey=ò & GetAtt(Requestor.AttHandle.ReqHdrMsgKey) + ñ;ò & _

                   ñ RequestID=ò & GetAtt(Requestor.AttHandle.ReqHdrRequestID) & ñ;ò & _

                   ñ ResponseTrancode=ò & GetAtt(Requestor.AttHandle.ReqHdrResponseTrancode) & ñ;ò _

                   ñ Timestamp=ò & GetAtt(Requestor.AttHandle.ReqHdrTimestamp) & ñ;ò

      m_pFilter.SendRequest(ñRequestorTest1 AppDomain = ñ & _

                   ControlChars.Quote & AppDomain.CurrentDomain.FriendlyName & _

                   ControlChars.Quote & _

                   ñ Request= ñ & strRequest & _

                   ñ Trailer=ò & strTrailer)

      strResponse = ñRequestorTest1 Response: ñ & strRequest & ñ Trailer=ò & strTrailer

      ó Sends the message back to the requestor

      m_pFilter.SendResponse(strResponse)

      InputDeliveryRequest = strRequest.Length()

 End Function

End Class

The above example is .NET Assembly that sends a message to a MQSeries queue. No response is expected from the 
MQSeries send, although a response is sent back to the Legacy System application.

The Web Service Assembly is made up of a single class that exposes the InputDeliveryRequest method. There is a single 
parameter that is the input text sent by the Legacy System Application.

The general þ ow of the InputDeliveryRequest method is as follows:

strTrailer =
Obtain the values in the message trailer and put values in strTrailer.

m_pFilter.SendRequest
Send an MQSeries message

strResponse =
Create the response message for the Legacy System.

m_pFilter.SendResponse
Send the response to the Legacy System

InputDeliveryRequest
Set the length of the Request message
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