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Abstract

In this pape we present an experience of migrating a legacy academic information system to a new
system which has an entirely different characteristic. To be successful, project manages in such
projects will need a comprehensve view of all projects agects. in particular stakeholder
participation and commitment with regards to the software developnent. In our work, the legacy
system was a centralised data processing system havng distributed and redundant data
representation. The new system suppats distributed transactions and has a single centralised
databas and suppotts a supeset of responsibilities (data processing and monitoring).

While the new application hasbeen conpletely redesigned and rewritten, the hugevolume of legacy
data had to be restructured, integrated and conserved. This was particularly important, since
acadamic data has a long period of validity. The new system hasto handke many conaurrent users
and has strong security requirements. Additionally, a short implementation phase with easy
maintainability wasdemandeal resulting in a short learning curve for theend-users.

We will share process and methodobgy that has been undetaken, and condude that top level
managenent commitment, busness process redefinition, appiication developrrent & data migration
strategy aswell asuser involvement are the key success factors of new system implementation.

Keywords Data Integration, Busness Process Reengineering, Information System Migration,
Stakeholder Management.

1 Introduction

11 Legacy Systems

In recent years Ingitut Teknologi Bandung (ITB) has changeal its status from State University
(Perguruan Tinggi Negeri) to State Owned Legd Entity (BadanHukum Milik Negara). During this
trangtion, a nunmber of trandormations have to be established, whereas academic system re-
engineering is oneof the top priorities. The academic information legacy system was made up of a
centralised Java based application. There were three levels of users who produced and utilized
these daa: Top level (ITB executives), middle level (Faculty), low level (Department and Study
Program).



The legacy system opeated based on longused practices, there were ndthe technical
doaumentation nor standad opeating procedures. The application only suppoted limited busness
processes for example class registration, student registration, change of study plan, managing exam
results, and find grade processing.

Delegated opeations which are executed at lower level usudly experienced many difficulties by
lack of coordinaion Centralised processes tha are handled by the ITBOcentre are easier in
comparison. However these centralised processes may cause significant problems, such as issues
involved in handling large numbe of students at a time. This is paticularly critical, as these
processes are scheduled and mug be finished in one week, in which al students have to be
registered, student cards mug beissued and study plansorganised.

Althoughthe legacy system only contains limited processes, the data is large and mug be handled

permanently. Data duplications occurred since processing mug be undetaken in more than one

level:

- Datafromregistration process in central were send to lower levels (faculty and department) for
opeationd purposss, i.e., generate class® presence list;

- Find grades forms were made in central then replicated and distributed to lower level for being
processed and then collected agan for scanningin central;

- Highe level updades were not possible due to unddined procedures and would see a lot of
technical obgacles.

These issues are causng important decisions such as graduaion and study terminaion more

difficult, as the data was replicated in three levels of the organisation. The consolidaion process

conaumed alot of time and forced all levelsto have to search throughther archives.

The new system would enable users to manage integrated data, and maintain data accuracy and
congstency across al opeaationd levels. All contributors (data sources) should be proficient in
doing ther tasks and follow theintegration regulation of the system.

12 New System

The new academic information system (called SIX) was designed based on ITB@ busness
processes in accordance to the exigting infrastructure condtion. SIX acts as an indgpendent
application that fundionsas interface to other systemsin ITB. E.g., SIX interacts with the finance
system: in this case, SIX only handles the payment status Therest of finandal processes, such as
interacting with banks are handled by the finance system.

Based on best-practices, a set of Standard Operating Procedures (SOP) was written prior to
development. This stage is crudal to develop a founddion to the new application. The SOP
doaumented all busness processes to administer al transactions during a student@ Qife cycleOat
university. SIX categorises its users into several groups students, lecturers, adninistration staff,
middle level manageanent (faculty, study program), and top level executivesin ITB.

The software was designed in three layers:
1. Core Application: accessible only from ITB nework by administration staff and executives
of ITB. Thisapplication handles transactionsof main busness processes of the system.
2. Internd web based system: accessible only from ITB network, and accessed by trused user
for certain persond transactions such as checking student® grades.



3. Public web based system: this system is publicly accessible via Internet, and covers public
transactionsand provides information aboutacademic issuesin I TB.
The database was developed based on ITBG busness processes - and it employs a hierarchy of
transactions with the academic data transaction set as thetop priority.

Thedifference between theold legacy and the new system could be summarized as shown in
Table 1.
Table 1. Comparison between theold legacy system and the new system

Characteristics L egacy System New System

Stakeholder and data | Registrar Office. 4 |levels: I TB executives EDirectorate of

ownership Faculty (with self initiatives). Education B Faculty B Department
Department (mostly paper archive). (executives, administration)

Digital data Distributed, redundant. Centralised, single data base.

Process Centralised, using replicated data. On line transaction, web based system and

client server system.

Business process A small part of academic lifecycle: class | Complete academic life cycle:

covered by and student registration, fina grade Curriculum, student plan, new intakes

gpplication recording. management, class registration, registration,

fina grade recording, graduation, termination
status (Drop out, withdrawal), transcript,
diploma, course evaluation system

System Scope Restricted to data processing (EDP). Data processing, monitoring, decision
support system, EIS.
Business process and | Undocumented. Well documented, under configuration
standard operating management control.
procedures
Application Software | Not standardised. Single application for al level of user.
Open Source Software.
Development tools Javaplatform and MySQL database, Javaplatform (client server application),
Clipper, Office application (at low level PHP, MySQL database (web based
user) gpplication).
Conventional Many copies distributed and maintained Formal archives must be printed from the
Archives (papers) by each level. database. It ensures integrity and accuracy.

1.3 Related Work

1.3.1 Legacgy Information System Migration

Bisbd et a., ([5], [6]) note tha mog legacy information systems run on oblete, dow and
expendve to maintain hardware and software. Hence traceability of faults is difficult and codly.
Lack of doaumentation and weak coordinaion and undestanding of theinternds of the system also
contribute to the difficulty. Efforts to integration and expanson are also hard, dueto the restricted
design of the system. Consequently, duringits life-time, a system is subjected to many maintenance
activities, which may cause degradaion in qudity. Such legacy systems are subject to
reengineering; paticularly, because once the degradation exceeds the system@ critical threshold, it
would become a significant impediment for an organisation in achieving optimal value from its
information system investment. Thuslegacy system reengineering and migration has aways been a
major issuein research and development.

Recent research introduaes severa reengineering and migration methodobgies as well as success
stories in specific environments. Ganti and Brayman [11] propo® some general guiddines for
migrating legacy systems to a distributed environment by examining the busness and then re-
engineer busness processes found as required. It is anticipaed tha the legacy system migration



would cause minimum disruption to the current busness environment; Brodie and Stonebraker [9]
outiine a set of steps for a generic migration drategy. In thar method the legacy and target
information systems are opaated in paale throughoutthe migration, which appears to be a very
popukbr approach in system migration. The process itself starts by migrating a small portion of the
system such as adatabase. Then itssize is expanded until it covers al thefundiondity of thelegacy
system which can eventudly be replaced. During this migration process, the legacy and target
information systems interopeate to form the opeaationd mission-critical information system.

Wu et d., [13] propoe the butterfly methodobgy. This methodobgy provides guidance for
migration of a mission-critical legacy system to a target system. During the migration, the
methodobgy eliminates the need for system users to simultaneoudy access both the legacy and
target systems and therefore, maintaining consstency between these two information systems.

Other researchears such as Bergey et al. [2], provide a comprehensve guiddine called DoD
guiddines based on actud legacy system migration efforts and evolution of legacy systems from a
technica and management point of view. Aversano et al. [1], report a success story in internet
migration while salvaging the old centralised mainframe-oriented system by migrating core legacy
applicationstowards Web-enabled client-server architectures.

Bianchi et al. [3] suggest an iterative legacy system migration. Theidea s, to preserve the asset of
thelegacy system, the opaationd pattern of system@® maintainers and users, and sustain the current
opeaation execution continuity during the reengineering process. Bianchi propo%s a reengineering
process modd, where each program needs to be reengineered within a short period of time. This
modd is applied to an in-use legacy system to confirm tha the process satisfies previous
requirements and to measure its effectiveness; ensuring tha the reengineered system will replace
thelegacy system to the satisfaction of al stakeholders.

Our approach propo%d in this paper, is developed on some of the above mentioned methods yet
we did not employ a particular method duethe complex specification of our legacy system and its
implementation environment. Our approach proposes a gradud system migration with emphasize
on stakeholder value and thar satisfaction.

1.3.2 Stakeholder Managanent and Value Based Approach

In our approach we take our project stakeholders strongly in our consderation. Stakeholder
propostion is described later in this paper. Freeman [10] first proposd in 1984 his stakeholder
approach to strategic management, which stated tha corporations mug consder the needs and
demands not only of thar shareholders but aso thoe of a wide range of othe externd
condituendes, or "stakeholders." As he implies tha the stakeholder management is a prominent
requirement in wha he called Managing in Turbuent TimesQ

Current research in software engineering, which adopts prindples in stakeholder approach, is value
based software engineering (VBSE). Addressing value condderations beyond cog modds in the
software development context was introduced by Barry Boehm in 1981 [7]. Later on, Boehm
proposd a formal value based software engineering agenda[8] tha captured the expanding scopes
on this burgeoning field. Biffl et a [4] promote the importance of value congderation in software
development, which can leveragethe qudity of the processes.



In this paper, we dedl with set of stakeholders with ther own varying requirements and expected
values. We found tha if we carefully managed those stakeholders -also by encouraging ther
participaionsand commitment -it has significant impact to the success of this project.

2 |Issues

Themigration project leadsto three main issues:

(d) How to reengineer busness process in a changing environment in order to meet new
stakeholdersOviewpoint.

(b) How to migrate a big volume of legacy daa inline with incremental busness process
formulation, in order to have integrated daa in the new system while new transactionsmug be
handled in parallel with therunning system.

(c) How to involve and educate end users who have no previous experience on e ectronic
transaction with the shortest training period.

3 Solutions

3.1 StakeholdersRolesin System Migration and Development

As we described earlier, one of our gods in this project was to develop a sugainable system that
can suppot the busness processes in our organisation. We employ a goodstakeholder management
tha provides mutudly satisfactory relationship among the stakeholders as a critical success factor
for theproject and the corporate peformance- as suggested by Preston et al. [12].

3.1.1 TopLevel Managament: Software Owner

The academic system was developing consistently with the credo of the Rector: Quisten, Learn and
Change) Top-level management commitment is the prime factor for changing an academic system
to a new one Development progress was monitored in executive weekly meetingsthrougha visud
monitoring system.

The oveaadl system opeation and maintenance was unde the responsbility of directorate of
education, which is accountble for theregistrar office fundion.

3.1.2 Developer

The development team congsts of (a) Technical assistant of Vice Rector for Academic Affairs who
plays the role as the requirement engineer and qudity controller of the project (b) four pat time
fundiond andysts and nework experts (c) one daabase specidist who acts as the database
administrator and daa migration technician (d) four pat time programmers per semester. The
whole team was part of ITB@ civitas academica, who undestood the context, environment and had
expeience in thebusness process.

During thefirst year of development, the team was placed unde the vice dean® specia task force,
while in the second and third year, the project was sub-contracted to the busness unit of the
university. Mog of the origind develope team went on to take part in sub-contracted team joint by
some fresh incoming programmers for each work package The development team was highly
motivated for developing its own system to suppot thel TB changemanagement.



313 Enduser

We determined four categories of end-users: (a) students, as the largest quantity of user community
(b) opeators at the centra level, as data entry for centralised opeation (c) administration data
opeaatorsto enter daain distributed location, and (d) executives, who have to make decisionsbased
onthe collected data and derived information.

We foundit was very hard to change the work culture of many user groups particularly the middle
management level. Mog of middle managers lacked of experiences for working in computer-
networked environment and relied on thar subordinate for information and report. However, ITB
top executives demonstrated a goodcommitment in the implementation phase of the new system to
achieve the best result for the academic business processes. They used the new system intensvely
providing a goodexample for ther subodinaes at | TB.

We also foundtha the success of the new system lies in the hand of administration personnd,
which had limited experience and knowledge for working with computer. Fortunaely these users
were willing to learn and were motivated by the bendfits of the new system. Ther involvement in
the development process -especialy in the data cleansng process and software testing- has been
very congrucdiive. End users also play a significant role as software testers. They provide
suggestionsfor next release and provide feature requests for future versions Students proved to be
very capable users based on thar familiarity with the processes at the university.

3.2 Busness Process Definition

Business process definition is the heart of our software. We identified and doaumented ITB@ main
busness processes and group them into ten packages, which later approved by Vice Rector for
Academic Affair.

The system mug suppot the academic life cycle described in these packages. curriculum set up,
student plans class registration, course scheduling, students registration, course add/drop, grade
recording and verification, student interim status early warning system, student termination
(graduaion, drop out, withdrawal), transcript, certificate, and alumni. All academic activities are
run unde the respongbility of the Directorate of Education, which acts as the centralised registrar
office, following a single academic calenda system.

The formerly centralised registration process moved to a distributive process gradudly. Today,
students no longe have to come to the boot of Directorate of Education and stay in longling they
are now able to carry out the administration process and take the registration book in ther own
Study Program.

3.3 Software Project Managanent and Development Process

Our work confronted complex issues such as processing of a high-quantity of daa, variation of
users, and reddinition of busness process. Thuswe proposd a three year plan, with clear targets
and ddiverables. We aso control and monitor the project on a daly basis unde well defined
guiddines. Our works started with top-level business process definition and doaumentation before
designing thework packages.

In brief, our plan congsts of:
- Globd daabase design, incremental table creationinlinewith work packages.



- Incementa development per work package which conssts of deail design (user interface,
algorithm and daabase design), implementation (coding and unit testing), migrate daa (as
necessary), testing with user, feedback from user, lesson learned from current package
improvement of user interface, fundiondities and development methodobgy of the next
package

In a coninuousy changing situaion, it is impossible to apply a strictly predictive methodobgy.
Thus we used inaemental software development. During three year timeframe, we maintained
three versionsof our produd. The first version of public and academic staff web site is built in a
Qquick and as clean as possibleOway, athoughit was not perfect. The objective was to have a
subset of the system working, which can bereused later. The second version was redevelopel by
introdudng a common library and framework; program paterns and templates. Some fundions of
thefirst version were abandoneal though.Performance improvement was made for the client server
application. The third version is improvement of the second version, with new fundions and
executive information system developed based on metadaa, and implementation of web site which
has to handle 16,000 student accouns.

During this process we foundtha mog of the opeators had no previousexperience of distributing
online transaction althoughthey have already had experience in usng office application. The first
step is to educate opeators in eectronic daa processing using remote transaction. To facilitate
communication, a mailing list was set up in accordance to the categories. software opeation,
problem andbugreporting, acadamic problems and acadamic official staff.

Operators were trained to use the SIX webdte at every module release. They were assigned several
work sessions which are organized in a same location, thus encouraging the collaboration and
sharing of experiences. At the same time, administration staff provides daa in legacy formats and

the data entry was carried out Bugswere registered, immediately corrected followed by regression
test. Feedback was noted for further improvement.

34 Legacgy Data Migration

Thesize of to-beimmigrated data was very enormous as we portrayed in Table 2.

Table 2. Quantitative Fact Sheet of ITB Academic Information System

Entity Volume Description

Executives 30 users. Rector, Vice Rectors, Senates, Dean, Department
Head.

Faculty/School 9 Faculty/School. One Faculty/Schools comprises many
Department/Study Program.

Departemen/Study 33 Department is suppressed from the system.

Program

Faculty staff (lectures) | 2,000 Academic system manage lecturer data.

Student Body 16,000 students. Undergraduate, graduate and postgraduate students.

Growth rate : 2000 students/yeer.

Curriculum structure 50 Study Plan. Semantic network, must be mapped to courses and
grades.

Courses 6,000 courses. General courses could be taken by any Department.
Gray area courses (could be taken by undergraduate
and graduate students).

Common First Y ear First year programs : ITB must deliver interim report of Common First

Program 2,000 students per yesar. Y ear program.




Entity

Volume

Description

Early warning system
students

1,000 students/yeer.

One year before drop out termination, students will
get early warning, and will be monitored intensively.

Academic Transcript

1 academic transcript per
students.

At any time, before graduation, legal transcript request
can be submitted for any purpose. Transcript data
must be kept eternally since alumni can always ask
transcript.

2-5 courses/semester.

Post graduate students :
unlimited (before SIX)

Certificate 1 certificate per alumni. Certificate must delivered 1 weeks dter graduation
Courses Transactions | Undergraduate students : Maximum length of study:
& final grade. 6-8 courses/semester - undergraduate : 4-7 years

Graduate students : (since 2006 becomes 6 years).

- graduate: 2 years.
- postgraduate : 5 years

Alumni Information

Growth rate :
2,000 alumni per year.

Obtained from 3 periods of graduation per years and
one period of termination.

Even thoughITB has been established in 1920, and computer systems were introduced in 1977,
mog of the academic daa were not stored in digital form B mog of them were stored in student
register booksand managed by the Directorate of Education.

Data migration might appear as a smple process in moving data from onedétabase to another. But
the objective was to have GrleanQ accurate and non-redundant data. In our case, source datawas not
integrated and conlidated. Moreover we had to redefine the busness process. Thusin our work,

we did not commence any cleansng activity outside the new system. Clear migration rules and an
incremental process before data can bedeclared as clear.

We decided to bring the complete legacy data into the new system, and provide a specia
application for daa cleaning with hdp from the users. After the daa-chunks status have been
confirmed by users, it was used for opeational services and then approved by al leve of
management. Due to the hugevolume, daa were gradudly migrated based on thear priority. We
also employed a full time data base administrator to control and manage this migration process.

In 2003, ITB@ management decided that all data must be confirmed and approved by al level of
management, and managed by SIX. In the first 2 years of opeaation, SIX had to manage new
academic data and also QundeanOlegacy daa.

The cleanang process started with data of study termination (either graduaed or dropped out),
because academic management promptly needs this daa for important decision. Once this was
completed we then shifted to clean another chunkof legacy daa.

During migration process, we encountered a seriousproblem when ITB adopted a new curriculum.
Both legacy and new data have to be examined and mapped to the new curriculum. At the same
time we took this as an oppotunity to clean all student academic daa (especially grade daa).
Naturally the project work-load significantly inareased. Thus we had to employ additiond daa
entry opaatorsto hdp thingsout

At the condusion of our work we found, tha for a hugevolume data migration -where there is
amog impossible to quickly migrate and clean the daa -the migration process should be engaged
gradudly based onthe priority of busness process (in our case is termination of study).

We aso provide a monitoring tool attached to each module in SIX. This tool has been very hdpful
to monitor the qudity of data and givesreport if any daa anomaly occurs.



4 Lessonlearned and Future Direction

Developing a new system pardld with data migration from legacy system is an effort consuming
task. However, this paper proved that at the end we were successful with our migration project.
The role of top executives was very important in the process, as they provided motivation for
lower level staff. The user willingness to use the system is ancther determining factor. In the new
system, dl implemented functionsproved ussful and operationd.

Business process definition and technica requirement engineering aso played an important role for
trandating busness definitions to software solutions.

Before implementing incremental solutions we believe that solid software architecture definition
and complete database design must bedone particularly considering thelegecy data migration.

We have to maintain growing versions iteratively: feedback gathered from one package will
accelerate the next produdion cycle significantly. As awhole result: no pat of the softwareis of no
value. This usability aspect tha we obtained from an end-user driven approach adso satisfies us as
developers. Whilst often in the past, software was built but was never actudly used, our system
has been fully used by the user community onvarious levels of the I TB hierarchy.

Additiondly it is worth nating, that the whole system was developed with Open Source Software
(OSS). This has proven tha OSS can be used for supporting the operation of a university
information system. Before the project started we were very concerned that using OSS will need a
lot of efforts and high level of budget for development, in fact: we had to spend budget for user
training and change management. However we bdieve that this was the best decision, since OSS-
based system motivates more sustainable system in thefuture.
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