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When you were learning optimization, how many times
did you draw pictures to help you understand what was
happening? When you now obtain results from an opti-
mization model, how many times do you draw sketches
and form mental pictures of what the solution means?
When the solution does not look right, how often do you
use this process of visualization to help you debug the
model or this instance of it?

Visualization is crucial to comprehension, and computer
technology has made it possible to see what you want.
What we want, and in what form, is what system design is
about. Someone had to actually do this, and mere program-
ming without careful design would not suffice. Someone
did: Christopher Jones.

In his feature article, Chris is right on target by bringing
together a massive amount of material on the subject of
visualization and optimization, some of it his own. Reach-
ing back to World War II operations research, Chris begins
by reminding us that the original promise of OR was to
solve problems. A “problem” is something like “How dol
stock my warehouse?”” rather than “How do I solve this
mathematical program?” In this sense, solving a problem
includes communicating results from the model that was
used. In this view, better algorithms are only a part of what
is needed, as they are a means, not an end. While no one
would doubt the importance of good algorithms in opti-
mization, most people who have used OR in the trenches
would agree that the total time spent on problem solving is
far greater than the computer time, and that the total
computer time is far greater than the optimization time.
The potential for greater success in problem solving, there-
fore, lies in helping people use new technology for deeper

insights, not necessarily just helping the optimization com-
ponent of the process.

To design a visualization system, we must return to
basics and understand models conceptually. Several people
have done this over the decades since the inception of OR.
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Traditional uses of diagramming on a blackboard are trans-
ferred to electronic media in various ways, such as with
colors, shapes, and icons that enable deeper insights. More
recently, influence diagrams have been developed for in-
sights into how variables and relations influence outcomes,
and these have been implemented in some software sys-
tems. These are only some of the examples of how recent
advances in computer hardware and software have created
new opportunities for visualization. The past decade has
brought out visual interactive modeling by several authors,
some in OR and some in other disciplines. This is what
makes Chris’ article so timely: the quest for deeper insights
into optimization models and solutions through the use of
visualization technology has advanced so much in recent
years by professional communities that do not appear to
communicate with each other that we need a clear under-
standing of how the approaches relate to each other and
what needs to be done.

Visualization not only presents thoughts but also their
connections with ideas. When designing algorithms, our
concerns are the capabilities and limitations of computer
hardware and software. With modeling we are concerned
with cognition and learning. Although we compute, we are
not computers. Computing is a learned process for us, not
the fundamental behavior it is for machines. Consequently,
the (sometimes great) divide between modelers and algo-
rithm developers should not come as a surprise.

The simulation community moved in this direction about
a decade ago, and current software systems have animation
and other visualizations to aid comprehension and model
management. This has more recently begun to happen in
optimization, as revealed in the feature article. Perhaps one
use of visualization was understated: to manage models.
Large-scale mathematical programs often contain many
thousands of equations and tens of thousands of variables,
even millions. Sheer size, however, is not the measure of
complexity. For example, a transportation problem is not
considered complex even if it has 50,000 nodes (one equa-
tion per node) and 1,000,000 arcs (one variable per arc plus
slacks and surpluses). Complexity is more elusive, and a
model manager must consider not only the integrity of the
data, but also the related validity of the model’s structure.
In this context, visualization tools have been available for
decades, with improvements evidenced by what we can
buy today. It is the foundation for visualization that is
more recent, and new results are enabling much more
effective model management aids (for example, see [6D.

For our knowledge of modeling to develop in useful
directions, we have to learn more about how humans see,
learn, and comprehend. This is a different paradigm from
discrete mathematics or real analysis. We have to look to
psychologists who have studied how people process infor-
mation. For example, one of the chief presentation concerns

is avoiding clutter. Clutter is a meaningless concept to a
computer; however, it relates to the way we chunk infor-
mation, where the meaning of a chunk differs by individu-
als. To a young child the sentence, “See Spot run.” might
contain three chunks: one chunk = one word. To a younger
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child, it might be 10 (or 12) chunks: one chunk = one letter
(or space). To many adults this sentence is one chunk.

We can remember 7 + 2 chunks at one time for process-
ing,'” and it is no coincidence that large linear programs
have about five nonzeroes per activity. We function by
creating concepts, so that we can have a hierarchy where,
for a situation, we store about seven concepts, then form a
structure for holding the myriad of details that we need to
know. The computer process of zooming corresponds to
retrieval of detail, and this is part of Chris’ vision.

Visualization must consider content as well as form. By
this we mean the cognitive framework of the analyst must
be taken into account, not just the use of computer graph-
ics. We previously commented on this at length.®) In that
paper, we considered the difference between the traditional
language, OMNI, and the algebraic language, GAMS.”) It is
no accident that OMNI is organized around processes be-
cause its initial clientele were chemical engineers, who
think in terms of processes, such as refining. By contrast,
GAMS was developed at the World Bank, and its initial
clientele were economists, who think naturally in terms of
equations. The two cognitive frameworks are different, and
visualization of a model’s structure needs to reflect such
differences in conceptualizations.

As suggested by Chris’ 270 references, the field of visual-
ization has been very active, and one must go to the
numerous papers and books to get the details. This feature
article succinctly provides a map to aid the process of
learning more about the pieces and how they fit into a big
picture. There are some developments in other disciplines,
however, that should be mentioned.

Besides the vast literature in computer science, there are
relevant research activities in artificial intelligence, cogni-
tive psychology, statistics, and simulation, to name just a
few. Bobrow!”! presents a collection of papers that has
influenced a line of research in the artificial intelligence
community. In the related field of cognitive psychology,
recent attention has focused on the effect differences in
cognitive structures have on solving mathematically equiv-
alent problems.””! Cleveland and McGill®! present a collec-
tion of papers by the statistics community on how to
present visualization of highly multi-dimensional data.
Nance and Overstreet!'!! show how certain digraphs aid
diagnosis of a simulation model and its results. Although
these papers are from professional communities outside of
OR and are not motivated by optimization applications, the
methods and principles employed in these papers do apply
to visualization in optimization (see [8] for elaboration).

What is exciting are the opportunities to carry out more
research and apply visualization to important OR prob-
lems. One area not covered entirely by the feature article
pertains to visualization of time. One use of new visualiza-
tion technology is animation, which Chris himself is devel-
oping for sensitivity analysis.

In addition to the usual sensitivity analysis, animation
enables us to go beyond a point solution and literally see
the pathway to an optimum. Such visualization has been
dubbed “‘algorithm animation,”™! but it can be used to
gain other insights by operating in the problem domain.

Imagine, for example, a map on your screen with icons that
represent regional production or process submodels. The
icons are color-coded to represent levels of production or
processing, respectively. Links appear with thickness pro-
portional to the level of flow.

Suppose the underlying model is a linear program, and
we use the simplex method to solve it. It is often useful to
think of the iterations as a simulation of the market with
instantaneous changes in activity levels as responses to
changes in prices (caused by changing the basis). By watch-
ing colors and thicknesses change, we can visualize the
market dynamics en route to its equilibrium. When it stops,
we have a greater sense of why the solution is optimal,
instead of being shown just the final point. The same
animation can apply to nonlinear and integer optimization
problems. In combinatorial portions of a mathematical pro-
gram, such as capacity expansion, we can visualize plants
appearing and disappearing as the algorithm proceeds to-
wards an optimum.

Chris suggests that the principle behind hypertext is
another exciting frontier. So far, hypertext implementations
(for example, see [1,3]) have been used as a way to orga-
nize information that makes navigation easier. Its potential
for aiding visualization is not as well understood, but the
principle behind hypertext can be a key to the kind of
integration needed to support a multi-view environment
for modeling and analysis. One kind of integration, for
which the hypertext principle applies, is cross indexing the
structure of a model’s ingredients: objects, relations among
objects, and attributes of the objects and relations. This
enables a variety of visualizations, such as how one model
differs from another.

Another frontier is virtual reality. There are people in
other disciplines that are exploring ways to use this new
technology to assist modeling, which extends to analysis
support. Exactly how this might apply to the kind of
optimization models we build in operations research has
not yet emerged, but we think this will happen before the
end of the century.

With no pun intended, Chris Jones’ article is visionary. It
draws not only from a vast literature, but also from the
author’s own experiences that range from conceptual (nota-
bly, graph grammars) to implementation (notably, MIMI
graphics). The article is inspirational, as the advancement
of visualization will undoubtedly contribute to the promise
of OR.
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