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Abstract

Although the rate of significant quality issues in end-
user programs is alarming, high-stake business deci-
sions are often influenced by them. But due to a lack
of awareness the end-user programs manage to stay
below the radar of today’s managers and vital reengi-
neering actions never get projected.

This case study describes a project in which pre-
ceding business process reengineering triggered soft-
ware reengineering of a complex financial accounting
spreadsheet. As closer domain analysis indicated se-
vere quality and task inadequacy problems in this
piece of software, it was decided to fully redevelop
the application instead of just reengineering it. The
applied two-staged evolutionary approach allowed ur-
gently required functionality of the new system to be
brought into service rapidly, while ensuring high qual-
ity in the long run.

1 Introduction

Many software reengineering projects today deal with
large-scale legacy applications that play key roles in
business-critical systems. Although the importance
of these applications is hardly debatable, many de-
cision makers underestimate the importance of their
much smaller counterparts: Spreadsheets, macros,
and other end-user software. Investigations about
spreadsheets such as [4] show that in many organiza-
tions spreadsheets are used in ‘ways integral to high-
stakes decision making‘.

Unlike most professional software applications,
end-user programs are mostly created in an ad-hoc
fashion for immediate business needs [2]. For most of
these programs, neither the requirements for which
they were initially built nor the design are docu-
mented, because their creators typically do not have
any software engineering knowledge. We should not
expect end-users to acquire this knowledge, as their
main focus is their daily work in their own business
domains. Programming is just a necessary evil for
them, a sub-task that needs to be done in order to
achieve the real objective.

Despite their fundamentally different development
nature, end-user programs require software reengi-
neering activities as well. In recent years, alarming
reports about quality and the importance of spread-
sheets such as [3] or [1] have raised the public aware-
ness of quality issues in end-user programs. New gov-
ernmental regulations like the Sarbanes-Oxley Act are
trying to respond to them by enforcing stronger qual-
ity assurance and proper documentation. This puts
significant pressure on many companies for projecting
software reengineering actions, since replacing those
highly tailored end-user programs by off-the-shelf soft-
ware is rarely an option.

2 Scenario

The end-user program in the focus of this case study is
a spreadsheet named Perpro which was used for track-
ing employments, financial controlling and reporting
for many years. Perpro was initially developed in the
1980s and has undergone various structural changes
during its lifetime. It makes extensive use of stan-
dard spreadsheet features like linked cells, conditional
formulas and cell coloring.

Perpro is built up of two subsheets. The first sub-
sheet contains some 18.000 cells, aproximately 45% of
which are filled with content. The second subsheet
has around 4300 cells, with around 15% of the cells
filled with content.

Actually the trigger for Perpro’s sudden recognition
was the retirement of its original author and end-user.
A few weeks before his retirement became effective,
general management decided to distribute his former
duties related to the business needs covered by Perpro
across two other employees. The successors took ev-
ery opportunity to acquire as much domain knowledge
as possible by interviewing and observing the highly
cooperative Perpro author.

Soon their analysis showed that it was necessary
to redesign the business workflow, so that it could
support distributed work effectively.



3 Inventory analysis and evaluation

When the newly redesigned business process was for-
mally defined, it became necessary to examine Per-
pro’s implementation details in order to identify pos-
sible maintenance and reengineering needs.

The issued inventory analysis spotted several qual-
ity issues: Nested IF-statements up to the 7th level,
clones of hard-coded constants that captured domain
values subject to frequent change, usage of very wide
tables that required a high screen resolution and var-
ious long-standing computational errors and impreci-
sions had a very negative impact on Perpro’s main-
tainability, correctness and usability. Also Perpro’s
data storage and presentation were not separated, so
the number of available views for the user was limited
to only one.

Although standard code restructuring and refactor-
ing steps could be used to address these quality issues,
they would leave several new requirements originating
from the new business process untouched. The main
problem here was that Perpro’s design as a spread-
sheet application did not support concurrent multi-
user write operations. Furthermore its data model did
not capture some domain details that now became in-
dispensable. And because the complete spreadsheet
had to be cleared, copied and re-created each year,
the newly required provision of multi-year financial
statistics could not be automated easily.

A consolidated view of all these issues indicated
that Perpro was technically and structurally unfit for
the new requirements at the time being. Reimple-
menting Perpro as a new offline spreadsheet would not
satisfy the demand for multi-user capabilities. Switch-
ing to a third-party online spreadsheet solution was
not an option either due to the institution’s strict pri-
vacy policy concerning sensitive financial data. And
since none of the evaluated applications available for
inhouse use appeared to have reached an acceptable
maturity level, it was decided to completely redevelop
Perpro as an entirely new application in two evolu-
tionary steps.

4 Step 1: A new end-user application

Due to rigid time constraints on the realisation of the
project, it was decided to spend almost all of the time
available on the design of the new data model after
finishing the analysis. The implemented ER model
contained 7 relations with a total of 40 attributes. In
the next step, a new OpenOffice.org Base (a technol-
ogy very similar to Microsoft Access) application was
created to provide a more user-friendly interface to
the database for the end-users. This enabled the users
to quickly create data entry forms and small reports
themselves. Using Perpro as a test oracle to verify
their correctness had to be taken with a pinch of salt
due to Perpro’s correction problems, though.

By also implementing a small, functional UI pro-

totype in Java, relational write operations between
the entities were simplified in a cost-effective manner.
However, expressing the computational logic required
for some of the complex reports in SQL was by far
the hardest part of this first evolution. As a pay-off,
almost all of this logic could be reused without mod-
ification in the next major transformation step.

5 Step 2: Going professional

Having the new application up and running in pro-
duction for nine months without significant flaws, suf-
ficient usage experience has been collected through
daily use. This vastly simplified planning the rede-
velopment of this application into the end product:
a professional software. This step was required be-
cause the intermediate application’s closeness to the
database back-end limited its user-friendliness.

In an experimental attempt to turn this vision into
reality, groups of undergraduate software engineer-
ing students were given the task to build this new
software. First the students had to write a specifi-
cation for the new system, by enquiring the require-
ments from the users of the current production sys-
tem. The academic supervisors provided them with a
simple API based on a slightly refactored version of
the data model that was fully backwards-compatible
with the original one. Although the project (planned
for 6 months) has not been fully finished yet, inter-
mediate results of the specifications, the design docu-
ments and the UI prototypes look very promising.

6 Conclusion and lessons learned

Reengineering end-user programs such as financial
spreadsheets might be a feasible way to achieve sub-
stantial quality improvements. However, in most
cases reengineering will not be triggered by the end-
users themselves but by external events. In case the
transition to a professional application seems the only
viable option, the described evolutionary approach
might help in smoothly renovating the affected appli-
cation without cutting down urgently needed services.
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