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WELCOME TO ISECON '86

by: Edward A. Otting, President
DPMA Education Foundation

Pick up a newspaper today and you just might read that we're now in the INFORMATION AGE.
At first, that may be hard to understand. After all, there's no more information today than
there ever was. Information exists whether we recognize it or not. Cave people probably never
conducted a census, but census data still were there for the taking.

When you get down to it, though, one thing sets apart today's information from
yesteryear's--value. Information is worth only what people make of it. It's like the old
thought, "If a tree falls in the woods but no one's around to hear it, does it make a noise?"
People give information meaning.

We're in the INFORMATION AGE because today's technology allows people to generate more
uses for information. Technology lets us group information, route it, graph it, send it, receive
it, fold, spindle and mutilate it. Best of all, technology lets us do all the above with the touch
of a finger. This sounds almost magical, but as a person concerned with information systems
education, you know too well there's no hocus pocus involved.

That's where ISECON '86 makes an impact. Magicians perform illusions; information
professionals so effectively perform hard work and thought that to end users the results seem
like magic. Users' expectations are endless. Just like a magician's audience, end users eagerly
wait to see one feat topped by a better one. Information professionals must drive themselves to
keep pace. Each passing day redefines effective information management. Information
professionals need the ability to deal with new situations on what can seem a day-to-day basis.
Proper education provides that ability.

ISECON '86 is a gathering of minds that will pass on knowledge about teaching information
systems students. Attendees bring from all corners their experiences and share them. Bring
their own ideas and reveal them for consideration. Hear others' ideas, and contemplate how
they might apply those concepts. Rapid technological advances mean one thing for the typical
information systems educator--no one knows everything, but everyone knows something.
ISECON '86 brings together outstanding individuals in a setting that promotes discourse and
analysis. It's a unique event and it brings unique results to the thousands of people learning to
become information systems professionals.

The INFORMATION AGE will exist only as long as there are professionals who can grab hold of
raw data and put it to good use, thus give value where there previously was none. Times will
change and information managers must change with them. ISECON '86 provides the first step
in equipping tomorrow's information professionals with the ability to succeed in the present and
adapt to the future. The value of tomorrow's information will be the yield of investments made
here.
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Fundamental Principles of Information Systems Development

Harlan D. Mills
IBM Corporation and
University of Maryland

Richard C. Linger
IBM Corporation

Alan R. Hevner
University of Maryland

ABSTRACT: Information systems is a new
the fundamental principles and methodol
systems development are presented and

field in which we are Just discovering
ogies. Four principles of information
analyzed, namely: Referential Trans-

parency, System Completeness, Data Decentralization, and Modular Reusability.
Box Structure Methodology applies these principles, in more technical terms,

to information systems development.

1. PRINCIPLES AND APPEARANCES IN INFORMATION
SYSTEMS DEVELOPMENT

Information systems play increasingly critical
roles in business operations, and span the
business process in complexity. Business opera-
tions are old, and thereby benefit from a Tong
history of lessons learned, natural selection of
effective ideas and processes, and a stable
university curriculum [Drucker 1973]. In
contrast, the subject of information systems is
new -- less than a human generation old -- with
most of its history ahead of it. Such new sub-
Jects are necessarily defined more by appren-
ticeship and appearances than by systematic
principles and procedures. But it is time for
information systems to move from appearances to
principles for greater flexibility of
application and increased effectiveness.

We can teach trick dogs the appearance of
arithmetic, but they cannot use it off stage.
But when we teach children the principles of
arithmetic, they use it the rest of their lives
in problems their teachers have never imagined.
Even so, it has taken human society thousands of
years to develop and simpiify the principles of
arithmetic for teaching to children. For exam-
ple, long division was beyond the wisest of the
ancient Greeks, and was a graduate university
subject in the Renaissance.

We believe that certain fundamental principles
of information systems are discernible now, and
discuss four of them in this paper, namely,
principles of:

Referential Transparency
System Completeness

Data Decentralization
Modular Reusability

A methodology for information systems
development should support these four fundamen-
tal principles. The Box Structure Methodology,
as described in [Mills 19861, satisfies this
requirement. The correct use of box structures
in information systems development enforces a
complete set of detailed analysis and. dgs1gn
principles. The four fundamental principles
discussed in this paper have direct, more tech-
nical forms in the Box Structure Methodology.
The correspondence is as follows (by number):

Fundamental Principles

Information Systems

(1) Referential Transparency
(2) System Completeness

(3) Data Decentralization
(4) - Modular Reusability

Box Structure Methodology

(1) Black Box Replacement
(2) Transaction Closure
(3) State Migration

(4) Common Services

2.  REFERENTIAL TRANSPARENCY

Principle of Referential Transparency
-- In the delegation of any system
part for design and implementaFlgn,
all requirements should be specified
explicitly, so that no further com-



munication or coordination is required
to complete the system part.

At first glance, the principle of referential
transparency may seem impossibie or impractical.
Most commercial system methodologies do not
require it, and opt instead for -easier-to-
explain diagrams or structures that subsequently
require communication and coordination between
separate system parts right down to their
detailed implementation.

In fact, such a principle is indeed impossible,
unless the right kinds of system parts are
identified. Modern developments in computer
science and software engineering identify the
kinds of parts required to make the principle
possible. The specification of these parts must
be defined at the stimulus/response level, and
account for the effect of any internal data
storage possible in the part. General methods
that use ideas such as structure charts or data
flow diagrams lose vital information and thus
make referential transparency impossible. It
takes the right kinds of system parts to defer
details without losing them,

whether such a principle, made possible in
theory by correct logical definitions, is prac-
tical depends on its appropriateness to informa-
tion systems development processes. Human
society has had over thirty years to discover
how difficult it 1is to develop and maintain
relevant, reliable, and modifiable information
systems, all the while seeing the business
stakes rise to incredible proportions. The
value of intellectual and management control of
information systems makes referential transpar-
ency practical, indeed, for those who know how
to achieve it. The up-front work 1is more
demanding, but the alternative of optimistically
setting out to implement system parts without
referential transparency is an expensive one,
possibly a fatal one, for a business today.

The principle of referential transparency
provides a crisp discipline for management
delegation and assignment of responsibility.
The lack of referential transparency can lead to
management nightmares where nothing works and no
one is to blame. When designers and implemen-
ters are required to communicate and coordinate
about details of separate parts after their
assignment of responsibilities, gamesmanship
becomes an important part of a day's work, in
addition to system development. It's only
sensible, with all defined responsibilities, to
cover one's bets and tracks with activities and
documents designed more to protect than to
illuminate.

Even with the best of intentions, extensive
communication and coordination about design and
implementation details opens up that many more
opportunities for misunderstandings and errors.
Such errors are always written off as human
fallibilities (nobody is perfect), but errors of
unnecessary communication and coordination
should be charged to the methodologies that
require them, not to the people forced to do the
unnecessary communication and coordination.

In the Box Structure Methodology the principle
of black box replacement incorporates the
concept of referential transparency.

Principle of Black Box Replacement --
Any correct implementation of a
correctly specified black box will be
satisfactory as a system part. There
are two parties that are accountable,
the specifier and the implementor. A
correct implementation to an incorrect
specification puts the specificaticn
at fault; an incorrect implementation
to a correct specification puts the
implementor at fault.

The principle of black box replacement is key in
system development for the accountability and
flexibility it provides management. A black box
can be designed and implemented independently of
its surroundings in a system, so accountablity
is perceived in delegation. In flexibility, a
black box can be redesigned with different state
machines and clear boxes. As long as the new
black box behavior is identical to the original,
the rest of the system will operate exactly as
before. Such black box replacement may be
required or desirable for purposes of better
performance, changing hardware, or even changing
from manual tc automatic operations.

3.  SYSTEM COMPLETENESS

Principle of System Completeness --
The trarsactions of a system part
should be sufficient for the acquisi-
tion and preservation of all its
system data, and its system data
should be sufficient for the comple-
tion of all its transactions. In
particular, system integrity should be
considered as well as user function in
achieving system completeness.

The principle of system completeness can
forestall many surprises and after-thoughts in
specifying and designing systems. A common
mistake for amateur (and not so amateur) ana-
lysts and designers is concentrating so much on
primary user function that the secondary func-
tions to make user functions available and
reliable become awkward or impossible. For
example, if system security or recovery require-
ments are not identified up-front, then an ideal
user system (imagined in a perfect world of
hardware and people) may end up with data struc-
tures that make security or recovery difficult
or impossible. So functions provided for
security and recovery need to be defined as
carefully and as early as user functions.

The principle of system completeness defines a
systematic, iterative specification process, in
ensuring thet a sufficient set of transactions
is identified to acquire and preserve a suffi-
cient set of system data. The iteration begins
with the transactions for the primary users, and
the system data needed for those transactions,
then considers the transactions required for the
acquisition and preservation of that system



