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Abstract

This paper outlines a generic methodology to rescuing the data from moribund clinical
information systems by reverse engineering the original data model, minimizing the data
model for the archival system and migrating the data. The process was developed and
tested on five medical systems. three pathology legacy information systems (OMNI-Lab,
HOSLAB and HOSREP), a cardiology system (CARDS), and a Breast Screening system. |f
the data is only required for medico-legal purposes to conform to government regulations
then it is not necessary to build any specific interface to the database and access by
conventional SQL interface is reasonable. However if it is seen that there is potential to
mine the data for research purposes then a more user-friendly interface needs to be
provided. We provide a proposal for a Clinical Data Analytics Language (CliniDAL) that
serves this purpose.

1 Objectives

Over several decades many large and complex dimé@mation systems have evolved to a point where
they resist significant further modification andoésion. At such a point these legacy systems have
considerable problems, and need to be replacedasiténtirely new system but on so doing accesheiv t
historical data is usually sacrificed by he orgatian. Therefore, there is a need to recover reafiplication

but the essential parts of the data and storeanaarchive but in a more contemporary databasegesnent
system with ready accessibility. This paper aimslémtify a viable systematic process to recover the estentia
parts of the data model of legacy databases amdhttohive the historical information into a re-ceptualised
schema in a more contemporary database manageységmns The process is tested on a range of infoomat
systems to validate its generalisability and appad@ness for clinical information systems.

2 Background

Most hospitals are facing an increasing problenthv@tinical Information Systems (CIS) that are beursgd
beyond their use-by date. This can be due to eitfeeneed to retain the integrity of the historidata on the
system or because the system forms a key partsifidss processes even though most of the compoofents
the system are no longer used or have never beeh us

Over several decades these systems have evohaegdmt where they resist significant further mamdifion
and evolution. At such a point legacy systems t@residerable problems and need to be replaced,Jerwe
the changeover often leaves the organisation witlamgess to the historical data. The reasons fer th
migration of legacy data to new software appligaiare commonly listed as: obsolete hardware afa®
platforms which are expensive to maintain; tracimgl rectifying faults is costly and time consuméhge to
the lack of documentation and a general lack ofemstdnding of the internal workings of the system;
integration efforts are greatly hampered by theeabs of clean interfaces, and there is no capazigxpand
functionality. Therefore, a viable solution is to gradually abanttte operational processes in the system, as
they are taken over by the new system, and retotestin archival system that retains the essepaidb of
the data model from the legacy database and thgrataithe historical information into a reconcepiteal
schema in a more contemporary database manageyséesins

Davies presented an overview of the history andchanciples of Data Reverse Engineering (DRE), [5]
Bansleben [2] reviews the literature on data migratand Bisbal et al [3] review the literature systems
migration proposing a generic migration processfigé phases which any approach must address:
Justification, Legacy System Understanding, TaBystem development, Testing, and Migration.



Aebi advocates a data re-engineering process mmaieed MIKADO [1]. The core idea is to introduce an
intermediate system to perform some of the diffitatks before the data is introduced into theetasgstem.
This is a practical method to follow especially fosystem that needs heavy data cleansing work.

Hammer et al proposed a methodology for Data RevErgineering in the SEEK methodology [6]. In this
model, the whole process is divided into eight sajeasteps and the outcome of these steps is prddigcan
ER Diagram along with the business rules of thdiegon. The eight steps are:

1. AST Generation. This step identifies all the vaéahin the source code, and then puts them into an
Abstract Syntax Tree (AST).

Dictionary Extraction. This step identifies themary keys for each table.

3. Code Analysis. This step works on sub-trees foheatiable and tabulates the analysis results, such
as constraints implied by source code.

4. Discovering Inclusion Dependencies. This step ifiestthe dependencies among tables without
instructions from system experts.

Classification of the Relations. This step labelsherelation as strong, regular, weak or specific.

6. Classification of the Attributes. This step claesifeach attribute into three categories, (a) Rgima
Key or Foreign Key, (b) Dangling or General, or {gn-Key.

7. Identify Entity Types. This step converts strongdleelations into strong/weak entities.
8. Identify Relationship Types.

The limitations to these steps have been addrésd€dzi where business needs are identified forSE&EK
methodology [7]. The methodology supports constoactof supply chain applications, embraces
heterogeneity in corporate information systems,viples the ability to extract and compose knowledge
resident in sources that vary in the way datapsesented and how it can be queried and accesBedSHEK
Project has been used for Knowledge Extraction &udiness Knowledge Extraction from Legacy
Information Systems [8].

3 Target System Development

The development of an archival system requireslyfithe analysis of the legacy system so that ifully
understood. Subsequently a requirements specditétir the new system can be prepared. Decisions toa

be made with regard to the architecture which shdud chosen for the target system. A primary design
intention of the architecture in the informatiorstgms literature is to facilitate maintenance axtéresion in

the future, so that the developing target systenoighe legacy system of the future [3]. Howeveoir case
the new system is intended to serve an archivalwith limited or no proposal to extend it in theufre.

3.1 Testing
Testing is reported to cost up to eighty percerd afigration engineers’ time. The objective is the target

system to ensure it has the same data integritetber compared to the legacy system. Some tettolg are
useful for validation, but experts who are familéth the legacy systems are the most valuableureso

3.2 Migration

The migration phase is concerned with the cut-dnen the legacy system to the target system. Ittrhase

as little disturbance as possible to the businesgities. There are two popular ways to proceet strategy
is based on gateways [4], and the other is gatdieay-the Butterfly methodology [10]. If the newstgm is
supposed to be an archival database, there is e toeworry about the impact of migration on therent

system. The main concern with clinical informat&ystems is how to perform incremental archiving.

4 Methods

The data rescue process we have designed conkisisee major stages: Data Model Reverse Engingerin



(DMRE ), Data Model Minimisation (DMM), and Data MigratioD). The main purpose of DMRE is to
extract a schema from a legacy system. Recreaiegsthema and relevant documentation of the legacy
system provides a better understanding of the systgpically not all of the functionality available the
Clinical Information System (CIS) has been used sm@n analysis of data usage enables culling e$eth
business processes and data elements. The disaafviry useful business processes and rules imfrioeal

the data stored in the legacy repository is esslertfter applying DMRE, the goal of DMM is to cdnsct a
functionally equivalent data model, and translatmto a database schema on a new database mandgeme
system (DBMS). DM involves the loading of the cdliend re-organised data into the data model.

Data Model Reverse Engineering is defined as tipdiggtion of analytical techniques to one or margacy
data sources to elicit structural information (sashterm definitions and schema definitions) friwa egacy
sources in order to improve the database desigmooluce missing schema documentation. DMRE appdied
this project includes the following five processes:

1. Data Dictionary Extraction.

2. Classification of the Entities and Attributes.

3. Discovering the Relationships and Dependencies.

4. Generating an Entity Relationship Model (ERM) foe fegacy system.
5. Discovering the Business Processes and Rules.

Figure 1 illustrates the processes and methodad@MRE applied to the OMNI-Lab system. The follogi
sections introduce these five phases and relatedtias in detail.
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Figure 1. DM RE Processes applied to OMNI-Lab System
4.1 The Procedure of DMM and DM

Data Model Minimisation (DMM) requires that the edma in the archival system should be as simple as
possible but with assured information consistefidye main purpose is to provide a simple schemaafor
novice database analyst to understand and retifievimformation by joining as few entities as pbksin the
archival database with an appropriately well docoteé design.



A DMM approach includes the following processes:

Constructing the new archival Entity Relationshipdél: This work involves identifying the parts of
the original model that are no longer needed, kexdluey have never been in use, they are part of
the operational needs (e.g. billing), or they avpesceded by later technology (e.g. hardware
descriptions)

Creating the archival Schema in MySQL: This is pinecess of using a MYSQL interface to create
the physical database matching the newly desigoleehsa.

Data Migration includes the steps of:

Exporting raw data from the legacy system: Requiezgling data from the legacy database and
placing it in temporary files.

Data Cleaning: is the process of viewing the datamds and checking if data values are legal fer th
data type. This uses programs written to checkdtid data types and values.

Importing the Data into the MySQL archival data glasuse: This is a process where the records are
re-assembled to match the new data model. Thistis simple read of the records into a database.
Commonly the data has been reorganised so thedseobdifferent types have to be brought together
to make composite records spanning different taldetheir configuration in the legacy system.
Figure 2 illustrates an overview of the procesB®M and DM after DMRE.
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Figure 2: Data Migration Processes applied to aMySQL Archival system.

5 Results

The new approach or generic methodology has rekudte significant reduction of the number of &ttites
and the number of tables in each system. Partidifficulties in identifying the nature of the datnter-
relationships are described and issues in dat@ityeend data cleaning are assessed.

The first four systems originated from hospitaldzaservices in the state of New South Wales, Alistrehe
OMNILAB and HOSLAB systems were in use by the SoHtwstern Area Laboratory Services being an
operational department of the South East Sydneylleawlara Area Health Service. OMNILAB consisted of
anatomical pathology content while HOSLAB was usethanage all blood services. CARDS was a system
used in the Cardiology department of the Westmeadpital, Sydney to track patient care whilst they
attended hospital. HOSREP was a database managsystein in use the South West Pathology Services of
the Sydney South West Area Health Service basetheatLiverpool Hospital to record all anatomical
pathology cases. The Breast Screening system waaged by a service set up by NSW Health to operate
breast screening across the state and is useddairand track patients period in usage of theiserand the



results of the screenings.

Table 1. Comparison of the sizes of five databases before and after their rescue.

SYSTEM Original Original Reduction in | Reductionin Changein
Tables Attributes Tables Attributes |Data Records
OMNILAB 79 794 35.4% 22.3% undetermined
(SEALS)
CARDS 255 7988 79.2% 48.6% -39.1%
(SWAHS)
HOS-LAB 21 136 66.7% 43.4 undetermined
(SEALS)
HOSREP 21 172 38.2% 68.6% +4%
(SWAPS)
Breast 15 801 11.8% 22.2% -4%
Screening
(NSWBCI)

Assessment of the reconstituted databases haspesftmed by designing up to 20 queries that caver
range of the materials included in each databalse.dqUeries were executed over the original databade
then over the redesigned databases. In each caseeigeable to demonstrate that the same answees wer
provided to the test queries, thus verifying toeasonable degree that each reconstituted database w
consistent with each original database. The testidgot attempt to verify every attribute in evéaple.

6 Discussion

The process developed over five data rescue psofexs proven to be efficient and reliable. Withheaew
legacy system it has been honed as well as expaod#zhl with different CIS and their underlyingalaase
management systems. The lengthiest part of thehtasknoved from the data model reverse engineésing
the data migration stage as larger systems havethekled, and our expertise improved.

With a greater understanding of the range of isthesemerge from data rescue cases we are buitingric
tools especially for the data migration stage witata has to be cleaned and validated before gaimb the
archival system.

This paper has not addressed the issue of usafaicgs in archival systems. Generally users hawn be
grateful for rescuing the data and having it inoanf where they can execute SQL statements over the
database directly. This requires a reliable datdehtm be available to new staff who will desigrd axecute

the queries. The data is placed into an open salatabase management system to avoid lock-in torigty
software given that the aim of the new system iestape an old locked-in relationship. Neverthedebasic
user interface that permits easier constructiogquefries over fundamental variables is desirable.

It would be more desirable to provide a customi@ephical User Interface to make it easy to procate
hoc queries of the database. There is no valuedduging a reporting system as the database i®mget
operational and so all the data in is static. luldde possible to provide a standard report geimergool like
Crystal Objects to provide for standard reportstbist would not readily support ad hoc queries.

A view of the database as a repository for datdytina to support retrospective research entaifffarent
perspective to the requirements of the processitagface. In these circumstances a more satisfastution
would be a mechanism to make entirely as hoc gueridhe database with the ability to pursue a bhe
research investigation. We have designed a geparpbse clinical data analytics language (CliniDAls)an
enhancement technology for clinical informationteyss. A version of the CliniDAL has been modifiedfit
onto the HOSREP database of SWAPS. It supportsieguerer the contents of the structured parts ef th
database but also the anatomical pathology texdrtepThe text reports have been indexed usinghanot



technology developed in our laboratory which iseail detect the SNOMED CT code equivalents to éest

[9]. It accepts references to the major categoaksnformation in SCT including demographic details
diagnosis codes, diagnosis text as SNOMED CT cdndegcriptions, and time spans. Installing the
CliniDAL software on the SWAPS database was parwfresearch program to demonstrate the portabilit
of CliniDAL but it now needs to be used to purswesearch questions of interest to demonstrate its
effectiveness.

7 Conclusions

The process developed to rescue data from moriblinidal information systems has proved durabldtby
trials on 5 different types of systems. The prodessbeen tested and honed with every reuse. N@miins
to determine efficient methods for generating usstarfaces that are easy to use but do not obdineatsers’
access to the underlying data and data model $o @®ate unfettered access to the data. Progessbden
made in this quarter by installing a Clinical Ddtaalytics Language on the SWAPS database of anatdmi
pathology reports, which provides access to théers of free text in the query structure.
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