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1 Introduction

Relational databases were a revelation when they were introduced in the early 1980s. They offered the
prospect of greater flexibility than hierarchical databases and freed the applications from the need to have
predefined physical access paths to the data. Early drawbacks with poor performance and limited
functionality were soon overcome and relational databases are now prevalent throughout industry.

Relational databases also heralded the introduction of a common database access language; structured
query language or SQL. SQL was intended to be a universal standard that would achieve the long-held
ambition to separate business logic from the database and provide application portability across platforms.
Inevitably, database vendors have deviated from the core standard, introducing proprietary features and
extending the core capabilities to meet customer needs.

These proprietary features and database-specific dialects have become embedded into the majority of
commercial applications. This means that it is much harder to migrate from one database to another. The
assumption that SQL will be portable is challenged at a very basic level; even the simplest applications are
affected.

One area where database vendors have deviated from the core standard is in the use of stored procedures.
Almost by definition, stored procedures violate the principles of the classic multi-tier architecture by
embedding business logic in the data layer. In addition, vendors have developed their own proprietary
languages for coding this logic and introduced their own features and functionality.

Regardless of the drivers for change, organisations must decide whether they wish to persist with stored
procedures or whether they would prefer to concentrate the business logic within the middle tier. There are
very few approaches available that support migration of business logic from stored procedures into the
middle tier, yet this is the only approach that will resolve the problem. Most organisations opt for a direct
conversion from one dialect of stored procedure to another.

There are sufficient differences in stored procedure syntaxes, structures and feature sets to make migration
complex and error prone. Software tools have been developed to automate conversion of basic stored
procedures and numerous consultancies offer professional services to tackle the more complex ones.

However, perhaps the biggest challenge is verifying that the behaviour of the converted stored procedures is
consistent with the source system. This discussion document offers a solution to this challenge and a
potential route to end the problem of legacy stored procedures.

2. Dirivers for change
There are many reasons why a business may wish to migrate from one database platform to another:

e strategic alignment
e application consolidation
e mergers and acquisitions
e customer demand (for those who market products)
e operational cost reduction
Each of these is a valid motivation in its own right; however, a business will usually face some combination of

drivers. These also provide some insight into the priority or urgency of the migration and this, in turn, will
heavily influence the decision over whether to opt for a tactical solution.

Tactical solutions are often seen as the default option; the least cost solution. Typically, a business will be
convinced by the potentially high degree of automation in the code conversion and the ready supply of
technical expertise to support the process. However, this does not take account of the fact that the root
cause of the problem is not being addressed. Reproducing the stored procedures on the target system
simply defers the resolution to another day.
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3. Challenges of migration

Stored procedures violate the classic three-tier architecture that emerged in the 1990s and has been
prevalent since. In most cases, this dilution of the model has come about in response to the performance
issues experienced in early, purist implementations. Complex data-centric processing and data queries that
manipulate large volumes of data were pushed onto the database server to minimise CPU cost and network
traffic.
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Figure 1 : Three tier architecture overview (source: Wikipedia)

Database vendors responded to this movement by developing increasingly sophisticated features within their
database managers to the extent that, for example, Oracle PL/SQL has become a recognised language in its
own right. The intended standardisation inherent in SQL has been undermined by the fact that it cannot
respond to these developments and therefore provides lowest common denominator capability.

The move to object-oriented paradigms introduces further complexity as the object-relational mapping (ORM)
is not designed to support high-performance, high-throughput applications. Therefore, many object oriented
(O0) applications that use relational databases will implement stored procedures to get round these
incompatibilities.

All these challenges encourage further blurring of the boundaries between application behaviour and data
persistence. As a result, the applications become more and more dependent on proprietary features within
the database and businesses find themselves locked in to suppliers.
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4. Migration options

The first decision to be taken during planning is whether the migration presents an opportunity to move the
business logic back into the middle tier. Hardware and software has moved on significantly since these
applications first appeared and the performance issues that were key at the time may no longer be valid. In
addition, the support for stored procedures varies widely across different vendors and it may not be feasible
to migrate sophisticated stored procedures to a relatively immature platform.

Another consideration is the migration of the underlying data schema. In order to support the automated
migration of the stored procedures it may be necessary to replicate the source schema as closely as
possible. This may constrain the use of features on the target database that would otherwise deliver benefit
to the organisation through process efficiencies.

If the decision is taken to perpetuate the use of stored procedures then the mechanical conversion from one
dialect to another is a relatively straightforward process that lends itself to automation. Many products have
been developed to support the migration between popular databases, automating perhaps 80-90% of the
conversion. The remaining 10-20% of stored procedures typically involves complex logic and extensive use
of proprietary features that will require manual interpretation and conversion. Often the vendors of stored
procedure conversion software will have professional services practices and will offer a complete conversion
service.

The migration presents the opportunity to free the business logic from the database and implement a new
application within the middle tier. Such an approach will deliver a simplified application that can be
maintained more easily and provides more transparent linkage to the business requirements. This also
removes constraints on the implementation of the new target database, giving database administrators the
flexibility to tune the new database for optimum performance. However, this approach is not feasible without
use of a suitable tool and associated methodology.

Regardless of the strategy adopted, application integrity is paramount during any conversion and the target
application should replicate exactly the behaviour of the source stored procedures. This includes changes to
the database that are transparent to the end user as well as interfaces to external systems such as
messaging systems or external archives. In many cases the migration of these ‘side effects’ can be achieved
relatively simply but the validation that the migration has been complete and consistent is much more
challenging.

5.  Testing the migration

Testing and review of the new application is in itself a massive task, particularly if the target system still
includes stored procedures. Many applications include a significant element of hidden logic where essential
data changes are transparent to the application and end user. Any testing strategy that focuses primarily on
the application user interface could miss an impact on the database.

The Erudine approach is to intercept the application calls to the database and analyse the results returned
from the database. In addition, the transaction log analyser can determine any ‘side effects’ on the database
where, perhaps, audit records have been written or database triggers have caused updates to other tables.
By analysing these calls, an Erudine Knowledge Model can be constructed to replicate the behaviour of the
application. Once this picture has been recorded, the application calls can be routed either to the source
database, the target database or both.
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Figure 2 : Representation of an Erudine approach to verification

During this process of capturing and analysing the interaction with the database, Erudine builds a complete
picture of application behaviour to the extent that the application can be emulated exactly. In effect, the
process has created an exact clone of the application that can then be deployed to replace the original
system with no further effort.

As part of the verification process, the database calls can be routed to both databases simultaneously and
the result sets compared. This comparison of outputs between databases provides an insight into the relative
behaviour of the databases that would be very difficult to achieve using traditional approaches. The
comparison relies on the translation and understanding of both the data and the business logic. Direct
comparison of the outputs can be problematic as the underlying data schemas could be very different and
could generate many false negatives during evaluation.

Performing individual regression tests for every stored procedure could be an enormous amount of work,
running into years of effort for large systems. Equally, reducing the scope of regression testing by focusing
on ‘key’ functionality could potentially miss serious weaknesses in the new system.

Erudine’s approach provides a fast and efficient way of verifying every logic path through the application,
providing 100% test case coverage with substantially reduced effort.
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6. Conclusion

Stored procedures were implemented as a technical solution to a technical problem and paid little attention
to the overall business and architectural requirements. As long as the database platform continues to meet
the business needs, the issues associated with stored procedures remain hidden. However, when the
decision is made to change platform, the conversion is made substantially more difficult by the presence of
stored procedures.

Erudine’s unique approach to application migration, modernisation and evolution offers a novel and cost-
effective alternative to using code conversion tools. Using Erudine Behaviour Engine® (EBE®) as the vehicle
for this migration will simplify the extraction of business logic and provide a scalable and enduring platform
on which the application can evolve.

By modelling the current application using existing test cases and historical data, the Erudine approach
provides a functionally accurate replica of the existing system supported by 100% test case coverage for all
application behaviour. The business can also take the opportunity to link the behaviour directly to the
documented business requirements using the Requirements Manager component of EBE.

Even where a business opts to migrate to another implementation of stored procedures, EBE offers a route
to dramatically simplify testing of the new system. Using EBE as a data gateway and analysing the request
response pairs, Erudine can verify that the new implementation corresponds exactly to the original system.
By focusing attention only on the discrepancies between systems, EBE substantially reduces the effort
required to deliver a fully compatible migration.

Erudine Behaviour Engine runs on all operating systems that support Java™ and includes connectors for
most of the popular relational databases.
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