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Two key goals for aligning technology and business are to increase an organization’s

ability to change rapidly and to reduce the costs of technology. While many efforts are

underway to improve application development, less emphasis has been placed on

addressing key challenges posed by existing applications that resist rapid change. In

this paper, we discuss techniques for accelerating change to legacy systems and for

streamlining an application portfolio. Our approach takes business-driven application

requirements, links them to analysis of an application portfolio, and identifies potential

sequences of transformations to realize the targeted improvements. This paper

describes our approach for mapping business requirements to application software,

for using patterns to help translate business requirements to software requirements,

and for using patterns to translate software requirements into potential solution

designs. The paper describes how these techniques are applied to two stages of the

software life cycle—initial analysis and detailed analysis—and summarizes experience

gained from projects working with IBM clients.

Businesses often depend on information systems

that were built with traditional transactional and

batch technologies. These information systems—

commonly called legacy systems—were built to

satisfy high demands for throughput and scale at a

time when systems software and hardware were far

less capable than they are today. These legacy

systems are often very large and complex by any

standard, and relatively closed and inflexible by the

standards of today. The application portfolio of an

enterprise typically contains many applications,

often developed independently, operating in silos

(isolated, often vertically integrated structures) with

overlapping and redundant function and data.

For example, an IBM Business Consulting Services

report on financial institutions noted, ‘‘From our

extensive studies of performance improvement and

cost reduction, we estimate that as much as 60

percent to 80 percent of the functionality in silos

may be redundant or duplicated in other parts of the

business. This weakens the performance of financial
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institutions and makes it harder for them to respond

to fresh demands for change.’’
1

Over the past two decades, significant efforts have

been made to improve interoperability of legacy

systems by wrapping them first with client/server

solutions, then with messaging, and now with Web

technology. These changes have added capability

and increased interoperability, but have come at a

cost of increased application size and complexity.

This was also described in the IBM Business

Consulting Services report:

Recent advances in integration middleware

technology have provided some relief by making

it possible for financial institutions to move

customer information across channels. But in

many cases the technology has been laid over

flawed legacy architecture and has merely

created more duplication. The cost of such an

approach is reflected in our research, which

shows that up to 70 percent of IT [information

technology] spending by financial institutions

goes toward maintenance and redevelopment.

Furthermore, the problem seems to grow with

size: The largest banking institutions (with assets

more than $60bn) spend 50 percent to 100

percent more on IT relative to their smaller

(under $2bn) counterparts. Despite this

[expenditure], virtually every business manager

in large financial institutions bemoans the

organization’s lack of speed and institutional

inflexibility.
1

The IBM Business Consulting Services report focu-

ses on financial institutions, but similar results can

be found in other industries. The inertia of legacy

systems creates significant challenges that remain

even when new layers of more flexible technologies

have been added. Emerging approaches for creating

applications—such as model-driven development

and service-oriented architecture (SOA)—sidestep

the challenges of legacy systems, treating the

applications as black boxes to be reused through

connectors and adapters.

There is an opportunity to make these emerging

approaches more valuable by augmenting them with

solutions to some of the deep-rooted problems of

legacy systems. This paper describes research on

analysis and transformation techniques to face

directly the problems of duplication and inflexibility

of legacy systems, and to integrate top-down

approaches for creating applications with bottom-up

analysis of existing applications. Our approach

combines three techniques:

1. Business-to-technology model mapping—A to-be

model of business (i.e., a model of the business

as we wish it to be) is mapped to an as-is model

of applications (i.e., a model of applications as

they are today) to identify areas of redundancy

and overlap, and to provide a basis for tools that

can help derive technical requirements from

business requirements.

2. As-is pattern discovery—A to-be model of soft-

ware interfaces is compared with an as-is model

of the composition and flow of legacy applica-

tions. The analysis identifies instances of struc-

tural patterns in the architecture of legacy

applications, the programming, and the data

representation that define the gap between the as-

is implementation model and the to-be imple-

mentation model. (We discuss patterns in sub-

stantially greater detail in the section ‘‘The role of

patterns for legacy transformations’’ later in this

paper.)

3. Transformation pattern selection—A set of pat-

terns for transforming legacy applications is

compared with the model gaps and the as-is

patterns to identify approaches and techniques

for closing the gap. The transformation patterns

provide solutions that allow the gap to be closed

over several iterations. The transformation pat-

terns include structural patterns for changes to

application architecture, programming, and data

representation, as well as process patterns for the

transformation work itself.

The approach is founded on experience gained with

IBM clients in projects that needed to analyze and

change large portfolios of legacy applications. This

paper describes some of the relevant characteristics

of legacy applications and the motivation for

moving beyond legacy integration to legacy trans-

formation. It describes the motivation for mapping

business models and technology models and the

processes by which this mapping is performed at

two stages in the life of a project: the initial analysis

stage and the detailed analysis stage. The models

used in detailed analysis of a project are then

discussed (the design of a model is often referred to
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as a metamodel). The paper concludes with two

summaries of project experience: one for the initial

analysis of a project to consolidate redundant

applications, and one for the detailed analysis of

integrating a batch legacy program with a service-

based interface.

CHARACTERISTICS OF LEGACY APPLICATIONS

Two broad definitions of legacy applications are

‘‘anything that is running in production’’ or ‘‘any-

thing that is not end-user computing.’’ This could

include batch and transactional applications running

on z/OS* or OS/400*, Cþþ programs running on an

open standards-compliant operating system, client/

server applications based on personal computers,

and others.

Our research is focusing on a significant subset of

these broader definitions: batch and transactional

applications running on z/OS. Even this constrained

scope is quite large. For example:

� An enterprise’s mainframe application portfolio

can comprise tens of thousands of programs, tens

of millions of data declarations, and more than

100 million lines of source code.
� The application portfolio may contain hundreds of

business applications, which in turn may be

architecturally and technically diverse.
� There are numerous interfaces between applica-

tions, many of which have been developed as

needed, without a consistent underlying architec-

ture.

These issues of portfolio-level scale and complexity

have traditionally led to an approach that focuses on

analysis of individual applications. Conducting

analysis one application at a time has at least two

significant shortcomings:

1. It does not enable analysis of the duplication and

redundancy that exist for different applications—

where there may be an overlap of 60 percent to

80 percent. Significant opportunities to consol-

idate and streamline may be missed.

2. It does not expose interfaces into the single

application from other applications in the port-

folio, increasing the risk of making a change that

breaks one or more unseen interfaces.

Scale and complexity are issues even at the

application level and program level. There are also

systems and programs known to be brittle and error-

prone, for which only the most critical changes are

attempted.

MOVING FROM INTEGRATION TO
TRANSFORMATION

The challenges and risks in making changes to

legacy systems have played a large role in shaping

current integration architectures and solutions in the

marketplace. These solutions treat z/OS applica-

tions as black boxes to be integrated through Java**

connectors, messaging solutions, and data access.
2

Families of patterns for legacy integration have been

developed to build needed capabilities on top of the

connectors and message interfaces. For example,

Reference 3 describes a technique to support

requirements for routing a response from a legacy

system to the appropriate end point. The legacy

system returns a data structure to its caller; the

integration solution is responsible for managing the

routing to a Return Address:

One difficulty in exposing systems as services

results from the fact that many legacy systems

were not built with features such as Return

Address . . . in mind. Therefore we ‘‘wrap’’ access

to the legacy system with a Smart Proxy. . . . This

Smart Proxy . . . enhances the basic system

service with additional capability so that it can

participate in an SOA.
3

SOA is an important element of both legacy

integration and legacy transformation. For integra-

tion, SOA through messaging or Web services offers

well-accepted tools and protocols for interoperabil-

ity.
4

For transformation, SOA provides a formal

interface to the legacy systems, separating the

interface from the implementation of the legacy

system or systems. After the interface is established,

the legacy systems underneath the interface can be

changed, consolidated, or replaced with signifi-

cantly reduced impact on the other parts of the

application portfolio.

TO-BE MODEL MAPPING
As with most information technology projects,

legacy transformation projects begin with a goal and

a general plan that are iteratively refined to detailed

requirements, specifications, and plans. While some

legacy transformation projects—such as data name

standardization—have information technology is-
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sues as their primary drivers, our work focuses on

legacy transformation driven by business process

change. In some cases, the project begins with a

well-defined scope and business objective. In other

cases, analysis of business strategy and the appli-

cation portfolio are performed first, to define the

scope and objectives of a set of related legacy

transformation projects.

Understanding the relationships between the busi-

ness processes and applications is a prerequisite to

specifying and planning such a legacy transforma-

tion project. To record these relationships, we use

two types of model: a model of the business and a

model of the legacy applications. These models are

used and refined throughout the life cycle of a

project. Our approach starts with a broad, shallow

model of the business and a high-level model of the

legacy applications.

In the initial analysis we capture coarse-grained

mappings—between high-level business processes

and applications, for example—to provide the basis

for identifying potential redundancies and overlaps

in the application portfolio, estimating the size and

complexity of the applications that support a busi-

ness process, and identifying applications that

perform common services.

In later iterations we capture finer-grained map-

pings, such as those between a business service and

specific on-line transactions or batch jobs, to

provide the basis for selecting integration and

transformation strategies, identifying technical risks,

and creating transformation plans. Our work ad-

dresses both the coarse- and fine-grained mappings.

Business modeling is itself a broad and complex

subject. There are many types of business models,

incorporating static and dynamic views of organi-

zations, processes, and information. There are a

number of tools for business process modeling,

some of which link to tools for application devel-

opment and infrastructures for business activity

monitoring. There are also efforts, such as the

Object Management Group’s Model Driven Archi-

tecture**
5

initiative, working on the complex prob-

lems associated with comprehensive, end-to-end

modeling and transformation and traceability be-

tween models.

At this point in our work, we have opted to use

simple models that provide a static view of business

processes. Two variations of static business process

models have proven useful to our work:

1. Functional decomposition—In the long-accepted

form of static process model, we use three levels

of decomposition. Business processes, the highest

level of the model, are composed of business

subprocesses, which in turn are composed of

business activities.

2. Component-service model—This is a form used

within the component business modeling (CBM)

approach developed by IBM Business Consulting

Services. In this variation, a business component

provides business services that can be used by

other business components.

An illustration of the two forms of business model is

shown in Figure 1. In many cases, an organization

already has a documented functional decomposition

that can be used to populate this model. In other

cases, a good initial model can be prepared in a few

weeks. Anecdotal experience from consulting en-

gagements suggests that the coarse-grained model is

likely to contain between 150 and 300 business

activities.

Figure 1  
Business models mapped to applications

Functional
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Initial analysis and coarse-grained mapping

One key objective of the initial analysis is to identify

the context and scope of a proposed change. For

example, the initial analysis for a system consol-

idation project needs to expose the areas of

redundancy and the interface dependencies that

must be considered in a migration plan. We use

coarse-grained models of business and legacy

applications for this stage.

A coarse-grained model is well-suited to the initial

mapping between the business and legacy systems

models. The coarse-grained mappings are made

between the business activities or subprocesses and

the legacy applications. This mapping is typically

performed in the first several weeks of a project. It is

a broad, shallow analysis. This mapping is typically

performed at this coarse-grained level for the entire

enterprise and the entire application portfolio.

The mappings help us gain insight from two

viewpoints:

1. The business model point of view—The mapping

allows us to understand the degree to which

business functions or business services depend

on multiple applications or have redundant

implementations.

2. The application point of view—The mapping

allows us to understand the business functions or

business services supported by each application.

The development of the business model is usually

performed in parallel with an application portfolio

analysis. The application portfolio analysis uses

manual techniques such as interviews, question-

naires, and workshops to document key attributes of

the applications. Those attributes include measures

of size, technologies used, and interfaces with other

applications and external entities. The portfolio

analysis may also estimate each application’s

development and operational costs, business value,

and technical quality.
6

The application portfolio

analysis and mapping results are typically manually

entered into a spreadsheet, database, or other tool.

Initial application portfolio analysis projects typi-

cally avoid the use of automated tools for scanning

source code and other application artifacts. This is

true for two reasons. First, significant time and effort

are required to scan large numbers of application

artifacts. Second, even if the artifacts are scanned, it

is difficult to sift through the detailed meta-data

collected by automated tools to find information that

is relevant to the early decision-making and

estimating processes. Our research is exploring

ways to make detailed application meta-data useful

in the early stages of a project. Some examples of the

ways in which the detailed meta-data could improve

the initial analysis are:

� Detection and categorization of interfaces between

applications to validate and extend the list of

interfaces gathered in interviews and workshops
� Identification of technical dependencies, such as

use of specific application programming interfaces

or obsolete language versions or features
� Detection of implementation practices that have

an impact, positive or negative, on the integration

or transformation of an application (e.g., separa-

tion or coupling of user interfaces with business

logic, or sequential batch processing)
� Determination of ways to group related applica-

tions together based on their interrelationships
� Improved accuracy of initial estimates through use

of automated tools to compute software metrics

Automated tools, such as WebSphere* Studio Asset

Analyzer (WSAA),
7

can be used to analyze the

software artifacts associated with a portfolio of

applications and to create detailed meta-data on the

composition, size, and complexity of each applica-

tion. The mapping between the coarse-grained

business and application models, when combined

with the linkage between the manually gathered

application model and the tool-gathered application

meta-data, gives us the foundation for assessing the

technical impact of the desired business change.

The tools may supplement the initial analysis, but

the purpose of the initial analysis remains the

identification of the context, scope, and require-

ments for a proposed change. The initial analysis

relies on a high-level model of the business, a high-

level model of the application portfolio, and the

mapping between them. The output of this initial

analysis is thus a high-level specification of the

business functions or services to be changed and the

applications and interfaces that need to be changed,

integrated, replaced, or retired. This specification is

used as input to the detailed analysis.

Detailed analysis and fine-grained mapping
The detailed analysis identifies all of the software

assets affected by a change and their dependencies
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and interfaces throughout the application portfolio.

For example, detailed analysis for a project to create

a Web services interface to a legacy implementation

of a business function needs to examine the

composition and flow of online transactions and

batch jobs, as well as the persistent data stores that

help perform that function. The analysis must

identify any barriers to creating a Web services

interface with the desired quality of service—such as

a monolithic batch implementation of a business

function that may require subsecond response time

when invoked as a service.

The mapping between business and legacy systems

models is also an important aspect of this subse-

quent detailed analysis. Our work on fine-grained

mapping focuses principally on the scenario for

transforming legacy systems to participate in SOAs,

particularly those legacy systems that are not

amenable to straightforward integration. The type of

analysis required can be shown with an example:

replacing an existing application with a software

package, using Web services for interfaces. Consider

the simplified example in Figure 2. Assume that the

project objective is to replace a company’s General

Ledger (GL) application with an off-the-shelf pack-

age. The interfaces between the GL application and

the rest of the portfolio need to be considered. In our

simple example, the GL application’s Post Trans-

action function is used by two other applications:

Accounts Receivable and Accounts Payable.

In this example, let us assume that Accounts

Receivable is undergoing significant enhancement to

meet new business requirements and that changes

to its interfaces cannot be made for several months.

The package replacement could then be imple-

mented in three releases:

1. A first release might create a new Web-service

interface to the existing code for the Post Trans-

action business function. The Accounts Payable

application would be modified to invoke the Web

service. Two of Accounts Payable’s functions

would need to be changed: Issue Check and

Cancel Check. This is shown in Figure 3.

2. After the enhancements to Accounts Receivable

are complete, the second release in the GL

replacement would be prepared. Accounts Re-

ceivable would be modified to use the Web

services interface. Two of Accounts Receivable’s

functions would need to be changed: Process

Figure 2  
Legacy application interfaces
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Figure 3  
General Ledger application replacement: Release 1
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