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WELCOMING REMARKS

Bruce E. Spiro, CDP
President, DPMA Education Foundation

Senior Consultant
Advanced Information Management, Inc.
1988 Opitz Blvd., Woodbridge, Virginia 22191

Welcome to ISECON '85. It is a fine comment on the concern and
dedication of the computer educational professional that you have
taken the time to be here. We are fortunate to be in a discipline that
continues to grow and change. There is no room for the complacent or
the static. For us change is, in fact, a way of life. It is to address this
need for change and development that we are here. Computer
information systems have become an integral part of business and
industry. From an obscure and somewhat mystical art, just a few short
years ago, information is now thought of as a resource, as much and as
critical a resource as finances or personnel. This has been due in no
small part to educators such as you who have perceived the ever
increasing role that information plays and have devised the programs
that define and illuminate.

I recall how we used to bemoan the fact that top management was not
computer knowledgeable, and that so many people were not aware of
how important information processing was. But, no more. This
generation of top management is computer knowledgeable. They must
be if the company is to survive and prosper. The computer is no longer
a mystery. It forms an important part of the business plan. Along with
this change in the environment it is critical that education must change
and must be the leader of change. While fundamentals remain constant
the depth of knowledge must increase. In the past, those lacking
knowledge could make their point by foot stomping and arm waving, but
now logic and reason are paramount. The audience is no longer either
awed or bored. The challenge to the educator is tremendous. Not only
to keep up with the dynamic developments, but to retain the leadership
position.

It is important that education is at the leading edge of development in
computer information systems for it is difficult enough for the
computer professional to keep pace with such a dynamic industry
without being taught the obsolete. The shelf life of a degree in high
technology is shrinking without a doubt. Some say that there is a
complete turnover of computer information systems knowledge every
four or five years. All agree that updating of educational programs is a
continuing and essential need. Unlike many disciplines we never get the
chance to sit back and say "Look what I have done." For if we do, we
quickly find that the world has passed us by. Within one generation of
man the computer has blazed through four generations and is well along
the fifth. That is real progress, and that is what makes computer
information systems the interesting, challenging field that is. I
certainly don't want it to be any different.

At the other end of the scale, we worried not too long ago about
computer literacy. We were concerned that those entering school
would not know what a computer is and that much time would be lost in
bringing them up to speed. While this is still a concern in some areas
we are now also seeing the reverse. Many children have a computer at
home and in some areas are more skilled and knowledgeable than their
teachers. But, we must be careful not to confuse the ability to use with
understanding. Once more the challenge to the educator is great, for
the understanding of computer information systems is the fulcrum that
will leverage us into the future. It is you who will develop that
understanding throughout the academic life of your students.

This level of knowledge at an early age brings with it considerable
obligations to the educator; for knowledge is outrunning the wisdom to
employ it. Moreover we don't have generations to develop the social
awareness that will lead to moral constraints. Legislatures struggle to
deal with the problems; so far without great success. The burden, once
again, falls to the high technology educator. Along with knowledge we
must impart social values, and moral standards. If we are to be leaders
we must know the value and importance of what we do, recognize the
impact of misuse, and appreciate the obligation of knowledge. And we
must have the ability to pass these values on to the students.

The Data Processing Management Association formed the Education
Foundation a few years ago in recognition of the critical part that you

play in the development of the most important and pervasive industry in
the world today. From space exploration to toasters, there are few
things that are not based on computer applications. From the banking
industry to national defense, information and the processing of
information is the life blood of effective performance. The need for
knowledgeable professionals becomes greater each day. Along with
this, the difficulty and challenge in education becomes greater.

That is why we are here; to accept this challenge; to take a hard look at
how our computer information systems education programs are
structured; how they can be improved; and to share our knowledge of
what is good and what is not; what works and what doesn't.

I would like to thank the many people who have worked so hard to put
this  conference together. Particularly Dr. George Fowler,
Conference/Program Chairman; Doris Palmer Luttrell, Marketing
Chairman; Dr. John McKinney, Exhibitor Chairman; Dr. Jan Prickett,
Facilities Chairman; Dr. Herbert Rebhun, Activities Chairman; and
DPMA Headquarters staff member Hildegard Klemm, who has done so
much more than just what she was asked. Another thank you is in order
to IBM, whose very generous grant has made it possible to keep the cost
of this conference within the range of all. The continuing support of a
major company such as IBM is indeed gratifying.

There is an excellent program ahead of us. Let's get started with it.
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A NEW COURSE IN INFORMATION SYSTEMS DEVELOPMENT

Harlan D. Mills
IBM Corporation
Bethesda, Maryland

A new course in information systems development is being taught in
the College of Business and Management, University of Maryland. The
course is based on the mathematical principles of system structure
that underlie the curriculum of the IBM Software Engineering
Institute, further applied to business processes and information
systems. These principles extend the methodology of software
development by structured programming to a methodology of system
development by box structured analysis and design.

The course teaches principles that underlie effective analysis and
design procedures needed in information systems development. It does
not teach appearances. In illustration, we can teach trick dogs the
appearances of doing arithmetic, but they cannot apply these
appearances in any other situations than taught. But, when we teach
children the principles of arithmetic, they can apply these principles
to solve new problems never seen before. As a result, the course
emphasizes exercises and examinations, rather than projects. As with
children in arithemtic, we expect students to have no difficulty in
applying these principles in real projects and situations. In fact,
several students have credited this course with getting them better
jobs than they expected because they could discuss the principles of
their work in interviews.

The content of the course has been developed by A. R. Hevner, R. C.
Linger, and H. D. Mills, and has been taught by Professor Hevner and
another instructor to over two-hundred students, at both graduate and
undergraduate levels. Student response has been surprisingly positive,
even though the material is quite exacting in its logic and
unconventional for information systems development courses.
Students soon learn and appreciate the value of principles, rather than
appearances, in their own careers, even in the short term. If they
know the principles, they willi have little difficulty in looking like
systems analysts and designers, and they know that, too.

The students also seem to appreciate the emphasis on logical precision
in the course, even though we all know that the deepest and most
persistent problems of information systems finally came down to
dealing with people. These people problems are difficult at best, but
are made even more difficult or impossible by poorly addressed logic
problems. For example, if a bank has a faulty accounting process that
makes many errors, irate customers and overworked employees may
look like people problems. But the way to address them is to remove
the cause of the faulty logic, not by increasing customer relations
personnel. The university is the place for students to get the logic
problems of information systems development out of the way. They
will be working on the people problems their whole careers.

These principles are described briefly in the following excerpts from a
technical report by A. R. Hevner, R.C. Linger, and H. D. Mills.

1. A Historical Perspective

The introduction of computer technology into business operations
brings the potential for more management control in administrative
and analytical phases of business. But the rapid, almost pell-mell,
introduction of computer technology of the past thirty years has
sometimes brought a net loss of real management control because of a
necessary dependence on personnel more versed in computers than in
business operations. On top of that, the explosive growth of the
computer industry itself has created problems of its own in a
haphazardly educated and poorly disciplined work force that has
difficulty in meeting schedule, cost, and reliability targets in
information systems development.

Thirty years ago there was no such thing as the database systems,
management information systems, and decision support systems that
dot the information systems landscape today. Even so, it is sobering
to reflect how short thirty years is in terms of intellectual
development. When civil engineering was thirty years old, the right
triangle was yet to be invented; when accounting was thirty years old,
double entry principles were unknown.

To be sure, many more people are working on information systems
than were working in civil engineering or accounting in their first thiry
years. But fundamental ideas and deep simplicities take time. Even
with all the excitement and progress there is still a lot to
discover--possibly the right triangle for information systems.

The structured revolution [Yourdon] that changed cut and try
computer programming to software engineering was triggered by a
new concept called structured programming. Structured programming
cleared a control flow jungle that had grown unchecked in dealing with
more and more complex software problems for twenty years. It
replaced that control flow jungle with the astonishing assertion that
software of any complexity whatsoever could be designed with just
three basic control structures, sequence, alternation, and iteration,
which could be nested over and over in a hierarchical structure (the
structure of structured programming). The benefits of structured
programming to the management of large projects are immediate.
The work can be structured and progress measured in top down
development in a direct way. Properly done, when a top down
development is 90% done, there is only 10% left to do (in contrast to
projects which at 90% done often required another 90% to complete).

Structured programming has a rigorous mathematical foundation which
can be used for management advantage. First of all, a so-called
Structure Theorem establishes that any flow chart program can be
designed as a structured program [Linger). Therefore, a management
standard of structured programming is technically sound. Second, a
Top Down Corollary to the Structure Theorem establishes that a
structured program can be created in a top down sequence such that
each line can be verified correct by reference to previous lines (and
not to lines yet to be created). This means that software can be
created correctly as it is developed, without a final and unpredictable
stage of trying to make it all work together.

The management benefits begin with standard practices for software
development that are based on this mathematical foundation. Software
personnel can be uniformly educated to these practices, with
Improved management visibility into the development process and
@mproved communication between programmers in both the design and
inspection phases. As a result, large-scale sortware projects
previously risky or impossible can be completed consistently within
schedules and budgets. For example, top down structured
programming has been used extensively in the U.S. space shuttle
program [Madden]; it is safe to say that the shuttle could not be flying
(orbiting) today without structured programming.

Even so, business information systems development is more than
software development. The operations of business involve all kinds of
data, stored and processed in all kinds of ways. A simple encyclopedic
description of such data and its uses leads to a data flow jungle that is
even more tangled and arcane than the control flow jungle. Once
again mathematics and engineering have come to the rescue by
replacing the data flow jungle with just three basic system structures
that can be nested over and over in hierarchical system structure.
These system structures are called black box, state machine, and clear
box; they provide a disciplined way to specify, design, and implement
information systems and their subsystems to every level of detail. The
data flow becomes a by-product of the methodology and now takes its
structure from the system, not as an end in itself.

Next, in Section 2 we introduce the basic concepts and principles of
box structures in system analysis and design. Section 3 illustrates the
use of these basic concepts in an example of analysis of a U. S. Navy
Supply System reorder policy. In Section 4 these ideas are used to
construct a management methodology for information system
development. In Section 5 we illustrate the Box Structure
Methodology in an example of design in The New York Times
Information Bank.
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2. Box Structures of Information Systems

2.1 . Box Structures

The three basic system structures are the black box, state machine,
and clear box. They are three views of the same information system
or any of its subsystems.

The black box gives an external view of a system or subsystem that
accepts stimuli, and for each stimulus produces a response before
accepting the next stimulus. A diagram of a black box is shown in
Figure l. The "system" could be a calculator, a computer, or even a
manual work procedure that accepts stimuli from the environment and
produces responses one Dby one. As the name implies, a black box
description of a system omits all details of internal structure and
operations, and deals solely with the behavior that is visible to its user
in terms of stimuli and responses. Any black box response is uniquely
determined by the system's initial conditions and stimuli history.

System

Stimulus

————

Response

Figure 1. A Black Box Diagram

The state machine gives an intermediate system view that defines an
internal system state, namely the data stored from stimulus to
stimulus. Every black box has a state machine description. A state
machine diagram is shown in Figure 2.

| Machine |
Stimulus

Response
Y > 1 »

Figure 2. A State Machine Diagram

The state machine part called Machine is a black box that accepts as
its stimulus both the external stimulus and the internal state and
produces as a response both the external response and a new internal
state which replaces the old state. The role of the state machine is to
open up the black box description of a system one step by making its
data visible.

The clear box, as the name suggests, opens up the state machine
description of a system one more step in an internal view that
describes the system processing of a stimulus and state (stored date).
The processing is described in terms of the three control constructs of
structured programming, namely sequence, alternation, and iteration,
as shown in Figure 3.

Machine parts M1, M2 are black boxes; each accepts as its stimulus
both a stimulus and state and produces as its response both a response
and a new state. For example, in the Sequence Structure the clear box
stimulus is the stimulus to black box M1, whose response becomes the
stimulus to M2, whose response is the response of the clear box.
Machine part C is a conditional switch that accepts a stimulus and a
state, and then transmits that stimulus to one of two other parts but
does not affect the state. For example, in the alternation structure,
conditional switch C transmits the stimulus to either M1 or M2, while

in the iteration structure, C transmits the stimulus to either M1 or the
next part of the next higher structure, Nested hierarchies of these
control constructs provide the capability to design all types of system

processing.
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Figure 3. Clear Box Diagrams
(Mi = Machines)

At this point, & hierarchical, top-down description can be repeated for
each of the embedded black boxes at the next lower level of
description. Each black box is described by a state machine, then by a
clear box containing even smaller black boxes, and so on.

These views represent an increasing order of internal system detail.
The black box describes the system from a user view. The user view is
foremost since the objective of business systems is to provide user
services. The state rachine adds the consideration of system data
(State) and its manipulation (Machine). The clear box completes the
description by adding internal processing details and recognizing
embedded subsystems. Describing each subsystem in these
increasingly detailed views provides an internal consistency that is
essential in developing and managing systems. A system developer is
forced to be consistent: the data structure must be consistent with
the user view and the processing structure must be consistent with the
data structure. System management is helped by the thorough
docurnentation of the mappings between the system views.

2.2 Box Structures in Business Operations

Although the concept of a box structured hierarchical system is easy
to see, its use n actual business systems requires business knowledge
as well as computer knowledge. In fact, the box structures provide a
form in which fo describe business knowledge in a standard way. The
principal value of a black box is that any business information system
or subsystem will behave as a black box whether consciously described
as such or not. In turn, any black box can be described as a state
machine (actually in many ways), and any state machine can be
described as & ¢ lear box (also in many ways), possibly using other black
boxes. In practice, information systems or subsystems often have
their own natural cescriptions that can be reformulated as box
structures.

In illustration, a 12 months running average defines a simple, low-level
black box that might be used in sales forecasting. A stimulus of last
month's sales of an itern would produce a response of the past year's
average montnly sales of the item; each month a new sales amount
produces a new average of the last 12 months. Figure 4 shows the
running average black box diagram. From the stimulus history, the
black box tra-sition formula for the response R at the end of month m
is

R(m) :=8(m) + S{m-1) +. ..+ S(m-11)
12




