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New Life for Big Iron
The Emerging Role of Mainframe
Applications in Service-Oriented

Architectures
By  Pe t e r  C o u s i n s

IN many large companies, applications implemented on OS/390 or
z/OS continue to constitute the centerpiece of the IT landscape.

For a time, it was very fashionable to re-write these applications,
typically in Java, which was an undertaking usually doomed to failure.
Today, many mainframe applications remain isolated in an increasing-
ly heterogeneous IT landscape. In the not too distant future, the main-
tenance and development of these systems will give rise to problems,
not the least of which are related to the aging IT workforce. A way out
of this dilemma is the transformation of mainframe applications into
network-centered services, which can be seamlessly integrated into a
decentralized, distributed architecture.

Enterprise Application Integration (EAI) products once seemed to
offer a solution to mainframe organizations that wanted to integrate
their host-based systems into the rest of the enterprise. However, with
a few years’ exposure to the technology, many companies now shy
away from EAI projects. They cite as their reasons the high costs and
the lengthy commitment associated with “traditional” centralized EAI
servers. Not surprisingly, organizations limited their EAI-based inte-
gration efforts to small-scale projects, ultimately creating new islands
of integration—and isolation—the original problem they were trying
so hard to avoid.

A BETTER APPROACH: SERVICE-ORIENTED
ARCHITECTURES

For most organizations, the goal of application integration is more
than the selective linking of legacy systems. Most IT groups have a
larger strategy based on the creation of a flexible and easily extensible
infrastructure, and a service-oriented architecture (SOA) meets those
requirements.

Interestingly, SOA is not a new idea. It is an idea born by early com-
ponent-based distributed computing efforts and made real with the
availability of widely adopted specifications put forth by pioneers such
as the Object Management Group. CORBA, along with Microsoft’s

COM programming model, brought SOA development to corporate
programmers in the 1990’s. The SOA concept continued to evolve with
the release of the Java programming language, EJB component model
and the maturation of the J2EE application server market.

The industry is now beginning to see that Web services are the next
logical evolution from CORBA to provide an attractive platform for
SOAs. FIGURE 1 shows how (Web) services can deliver a high-level
architecture for IT integration; providing interfaces with a uniform
syntax. In such a context, systems like CORBA, J2EE (Java 2
Enterprise Edition), .NET and various other technologies can commu-
nicate in a common environment.

Regardless of the underlying technology, a SOA approach to legacy
system integration ensures the widest possible variety of Web services,
Java, or CORBA clients have access to mainframe-based mission-crit-
ical data and applications. The first, and indeed the most difficult,
obstacle should be tackled right at the start. How can the organization
turn a mainframe application into a service provider, without putting
the mainframe’s inherent strengths—including high transaction vol-
ume, scalability, data integrity and high availability—at risk? Once this
obstacle is overcome, the goal of opening Big Iron to a wide audience
is not far away. In addition, the foundation is laid for migrating these
service implementations to other platforms at a later point in time.

FROM PONDEROUS BIG IRON TO AGILE
WEB SERVICES

IT organizations are not left to go it alone when it comes to exporting
mainframe resources to off-host applications. Vendors provide a variety of
solutions that can generally be divided into the following three categories:

� Screen-based Integration—solutions that can collectively be
termed screen scraping fall into this category. This includes
products from Novell as well as Jacada, WRQ and several other
small vendors.
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� Data-pipe Integration—solutions that are based not on a 3270
interface, but on a data transport connected to a specific host
interface (EXCI, APPC or OTMA) fall into this category. They
normally pass an unformatted byte-block to the mainframe
transaction and back, leaving data encoding and decoding to the
host program and client-side application.

� Composite Applications/Services—solutions that provide
named and typed service interfaces built from mainframe
resources fall into this category.

Screen-based and Data-pipe Integration offer the advantage of sim-
plicity and may not require changes to the applications themselves.
However, these approaches have hidden costs.

For example, screen-based integration exposes organizations to a
dependency on a screen mask layout. This reliance upon a physical
screen layout leads to significant maintenance problems, because these
layouts invariably—and in many cases frequently—change. Screen-
based integration also forces many compromises on the design of
distributed applications that will use mainframe assets.

With Data-pipe Integration, the byte-block passed through the pipe
is not typed. Its format and data integrity are the responsibility of the
applications at either end of the pipe, and correct execution depends on
the discipline maintained by the respective development teams.

With both screen-based and data-pipe integration, it is nearly
impossible to conceal the underlying mainframe influence from the
off-host applications, making the utility and reusability of such inte-
gration solutions limited.

By contrast, the Composite Applications approach encapsulates
mainframe resources behind strongly typed interfaces defined using a
standardized language [CORBA Interface Definition Language
(CORBA IDL) or the Web Services Definition Language (WSDL) for
example]. Java and C++ programmers readily understand these inter-
faces, but more importantly, they are also easy for COBOL and PL/I
programmers to learn and exploit because they are language and oper-
ating system independent. Additionally, this approach is well suited to
establishing the concept of design by contract, where the interface
definition acts as a contract between applications that call other appli-
cations and applications that receive calls. This lets mainframe and
off-host application development teams collaborate without lengthy
meetings to establish message formats and encoding/decoding rules.

COMPOSITE APPLICATIONS

As the term implies, composite applications assembled from
ready-made components. They ensure a rapid return on investment
when implementing service-oriented software architecture.
Services, made available over an enterprise service bus, can readily
be combined to make new applications to address changing needs
and requirements.

A component offers a service that fulfils a business goal within an
information management system. Access to the functionality is avail-
able exclusively through a well-defined interface, where the implemen-
tation of the functionality remains hidden behind the interface. To make
the service as flexible as possible, the interface should use an industry
standard interface description language. The same is true of the proto-
col that provides access to the service.

The following sections discuss how Web services (WSDL, SOAP)
make possible standards-based reuse of mainframe applications.

MAINFRAME APPLICATIONS AND WEB SERVICES

Web services are rapidly emerging to provide a viable alternative to
CORBA-based composite application solutions. The popularity and
ubiquity of Web services makes this type of mainframe application
integration very interesting to IT organizations today. So-called “off-
host” approaches require that conversion be processed in a separate
(non-mainframe) tier, whereas “on-host” approaches permit processing
to be performed on the mainframe. Both approaches can drive critical
business value from their existing mainframe assets and investments in
the following ways:

� Better return on investment (ROI)—The creation of robust
service contracts ensures a better ROI for existing IT infrastructures.
No changes need to be made to the applications, and the service
can be enabled non-invasively. The service contract becomes a
template for renovation, consolidation and innovation.

� Code mobility and location transparency—Because location
transparency is a property of SOAs, it is easy to accomplish code
mobility. The ability to look up and dynamically bind to a service
allows service requestor and service consumer applications to be
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location independent. This gives enterprises the flexibility to
migrate services to different machines, or to move a service to an
external provider (business process outsourcing).

� Localization of application issues and problems—Service
contracts have well-defined, published interfaces. This allows
issues and problems associated with applications to be easily
isolated and localized. Applications can be independently tested
and brought down for scheduled maintenance, without causing a
problem to cascade through the enterprise.

� Support for multiple client types—Because a service contract
defines the entry point for access to a service, multiple client
types (.NET, CORBA, J2EE, and mainframe clients) can invoke
on the service using their native protocols. They can receive
information in the format that they understand.

� More code, component and service reuse—A Web services
approach facilitates code, component and service reuse through
service enablement of legacy infrastructures. By abstracting the
idiosyncrasies associated with language, platforms and networks
to a service contract, application assets can be relocated,
refactored and reused. Competitive differentiators based on the
quality of application assets can be selectively preserved,
versioned and maintained.

� Better scalability—One of the requirements of a SOA is location
transparency. To achieve location transparency, applications look
up services in a directory and bind to them dynamically at runtime.
This feature promotes scalability because requests can be load
balanced and forwarded to multiple service instances based on
rules specified in the service contract and applied without the
knowledge of the service client.

� Higher availability—Also because of location transparency,
multiple servers can have multiple instances of a service running
on them. If a network segment or a machine goes down,
requests can be rerouted to another service location without the
client’s knowledge.

ON-HOST WEB SERVICES

As discussed, on-host transformation requires that a task runs on-host
to manage service contracts, service invocation and transaction sched-
uling. This approach uses a GUI tool that can read COBOL copybooks
named in the COMMAREA sections of COBOL programs to create
service contract definitions expressed as Web Service Definition
Language (WSDL). These service contracts contain the details of how
non-mainframe-based applications can communicate with service-
enabled IMS or CICS transactions.

A developer or systems programmer can create runtime information
used by a transformer service to map copybook data structures to and
from the equivalent SOAP XML-based message format for Web serv-
ices. This makes it easy for an application client to invoke IMS or CICS
transactions without having to understand anything about COBOL or
the mainframe environment. Once the service is defined and deployed
on the host, it is managed by the transformer service.

Client application developers can use tools such as Microsoft’s .NET
Framework, BEA’s WebLogic Workshop, or IONA’s Artix Encompass
Designer to request the service contract (expressed as WSDL) from the
transformer service. These tools can use the WSDL service definitions
to create client applications quickly that invoke the service. A main-
frame transformer then translates the incoming XML payload into the

original COBOL data structure formatwhereupon the appropriate IMS
or CICS transaction is scheduled and run. When the transaction is com-
plete, control is transferred back to the mainframe transformer service,
which translates the outbound COBOL data structure to the SOAP
XML message format that the service requestor expects to see.

Deployed correctly, the mainframe transformer runs on the mainframe
in its own address space, enabling the process to be monitored and
administered like any other mainframe process. Further, a mainframe
transformer should allow service requestors to be a CORBA, J2EE, .NET
or packaged application. All they have to do is obtain the WSDL service
contract and invoke the Web service operation resident on the mainframe
under the purview of the mainframe transformer service.

The benefits of a mainframe transformer approach are substantial.
The service contract is an asset that can be versioned, maintained and
managed. In addition, the approach is non-invasive, service-oriented
and enables a wide range of clients developed using different stan-
dards to communicate with mainframe-based assets written in
COBOL and PL/I.

OFF-HOST WEB SERVICES

Off-host service-oriented integration solutions enable mainframes
to become integral components of the enterprise integration fabric.
This approach allows organizations to create quickly and easily
high-performance links between applications, including mainframe-
based applications, without rewriting those systems or revising the
system architecture.

Company’s should be aware to look for solutions that can service-
enable existing mainframe gateways based on IBM’s WebSphere MQ
by encapsulating the MQ transport as a set of services.

Again, using a GUI tool that can read COBOL copybooks, developers
can easily define existing MQ message formats. Application clients
need not be aware that they are communicating with the mainframe
under existing mainframe connectivity rules and invoke on services as
if they were components or objects providing well-defined service
interfaces. This methodology directly translates incoming service
requests to native MQ fixed-format payloads. It then directs the payload
to the outbound queues, where mainframe-based applications collect
incoming messages. Outbound messages from mainframe applications
are correlated based on the correlation id, and are directed to the appro-
priate service requestor waiting for a response.
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******************************************************************
      *   Artix Transformer Demo
      *  =============================================================
      *
      *  NAME: CUSTOMER
      *
      *   (c) Copyright 1999-2003 IONA Technologies PLC.
      *      All rights reserved.
      *

******************************************************************
        03 CUSTOMER-ID-RECORD.
           05 CR-CUSTOMER-ID                PICTURE 9(4) DISPLAY.
        03 CUSTOMER-DETAILS-RECORD.
           05 CR-CUSTOMER-FIRST-NAME     PIC X(15).
           05 CR-CUSTOMER-LAST-NAME      PIC X(15).
           05 CR-STREET-ADDRESS          PIC X(25).
           05 CR-CITY                    PIC X(16).
           05 CR-ZIP-CODE                PIC X(10).
           05 CR-PHONE-NUMBER            PIC X(12).
           05 CR-CREDIT-RATING           PIC A.
           05 CR-CREDIT-LIMIT            PIC 9(4) BINARY.
           05 CR-CURRENT-BALANCE         COMPUTATIONAL-2.
           05 CR-ORDERS OCCURS 10 TIMES.
              07 CR-ORDER-ID             PIC 999.
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Off-host transformation is a non-invasive, high-performance mid-
dleware service-oriented integration approach designed to enable the
following enterprise architectural needs:

� Multi-middleware request brokering that can translate between
TXN processing (TUX), component middleware (J2EE, .NET),
and messaging transports (MQ, TIBCO, JMS, HTTP/S).

� Simplified platform connectivity by supporting a wide range of
programming interfaces and platforms, including .NET, J2EE,
CORBA, Tuxedo, TIBCO and WebSphere MQ, and providing
support for popular programming languages, including Java,
C++, PL/I and COBOL.

� Enterprise Web services deployment and management.
� Non-invasive middleware integration through support of

entrenched programming interfaces (C++, COBOL, PL/I, and
proprietary APIs) and the ability to integrate with existing
runtime environments without introducing new architectural
elements (for example, using a transaction manager that is
already there).

Off-host Web services are a solid fit for companies looking for corpo-
rate LAN-based application integration. This approach makes it easy for
organizations to rapidly integrate and adapt business systems, and create
a single view of existing and new IT elements. Fundamental to this inte-
gration method is a service-oriented view of application development and
middleware interaction. The service-oriented view applies even for sys-
tems that were not developed with service-oriented integration in mind
(such as WebSphere MQ gateways and mainframe applications written
using older programming languages such as COBOL and PL/I).

SUMMARY

By adopting this SOA-enabling framework, mainframe heavy
enterprises will reap the benefits of a standards-agnostic environ-
ment. They can generate significant cost savings and gain mainte-
nance benefits. Companies can create a strategic, high-speed and
standards-based Web services integration backbone that can be
highly leveraged by a variety of applications built using different
standards and packages at different times, ultimately providing the
flexible IT infrastructure required to respond with agility to new
business requirements.  

As the Technology Director for IONA Technologies Artix product line, Peter
Cousins is responsible for the vision and direction of Artix. He oversees Artix
product development, and works directly with early Artix adopters to ensure
that IONA maintains its SOA and Web services integration leadership position.
Peter can be reached at peter.cousins@iona.com.
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FIGURE 5: “OFF-HOST” MAINFRAME INTEGRATION
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