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TOP-DOWN MODELING

By Scott K. Meyer

This is Part II of a series on the Top-Down approach to
providing managers and executives with analyses that are
useful, applicable, and readily understandable.

In the last issue of The Executive Analyst, the Top-Down
approach to problem solving was discussed. This approach is
designed to give the necessary understanding of the trade-offs
and impacts involved with a decision. Top-Down analysis
takes the decision maker out of a passive role and places him
in a position to apply his judgment and expertise to the deci-
sion. Often, a Top-Down analysis requires the analyst to
develop a computer model to help examine options. In this
article, Top-Down modeling will be discussed and compared
with the traditional “bottoms-up” approach to developing
and using models and simulations.

The Problem With Most Models

Models can be extremely useful to both analysts and
executives. Properly built and properly used, models can help
analyze large numbers of options—more than one could ever
conceive of analyzing “by hand.” Models help in understand-
ing how changes in one part of a large system impact on other
parts of the system and on the system as a whole. Models
facilitate the asking of “what if” questions: What if we
increase production? What if we increase the aircraft’s range?
And, models can be extremely useful in analyzing decisions
with large numbers of unknowns or uncertainties. In short,
models can be extremely valuable tools to help analyze,
understand, and communicate insights and information con-
cerning complex decisions and problems.

Almost everyone, analyst or executive, has had one or
more experiences with building and running a model or with
trying to understand a model’s results. For many, the expe-
rience has been a bad one. The litany of complaints is remark-
ably similar, no matter what the industry, system, or question
that is being modeled: “The model was too complex.” “The
model required too much data.” “It took too long to run.” “It
was too hard to develop the data required by the model.”

“Output was too hard to understand.” “Once I understood the
results, I realized they didnt pertain to the problem I had.”

Why is this? Why do we have models that are, more
often than not, major barriers obstructing, rather than facili-
tating analysis, understanding, and communication? The
answer can be found both in the way models are used and in
the way they are developed.

Models Are Misused

Traditionally, executives have paid analysts to develop a
stable of “general purpose” models and simulations for sev-
eral reasons: The models would be available to be used to
analyze future problems and decisions as they arose. Profes-
sional model builders convinced executives that they could be
tailored to future needs. The models would become institu-
tionalized and therefore everyone would understand the
results. And, on the somewhat negative side, executives soon
learned that most models were “un-challengeable” black
boxes and thus the results could be used to justify decisions
and confront challengers. Since the results of a model
couldn’t be challenged, a disagreeing executive had no choice
but to produce an “un-challengeable” model of his own. The
latter led to a battle of models that escalated along the lines of
“my model is better than yours because it 1) is larger; 2) has
more detail; 3) is more realistic;” etc. Verisimilitude became
the ultimate panacea at the expense of understanding.

The result has been the development of large and com-
plex models that are “owned” by organizations. When a prob-
lem or decision arises, the first tendency is to use the existing
model—it has been used before, it is accepted, and much
money and effort has been invested in it. Often, an attempt is
made to modify the model. More often, the problem is simply
recast to fit the model.

Originally designed with a goal of being general purpose,
the models are usually so large, complex, and difficult to
change to fit the precise problem at hand that the reverse has
often turned out to be true in practice. Rather than being



general purpose, large complex models often can be used only
for a limited number of applications.

The practice of developing large, general purpose models
has also spawned an approach to developing models that is
both conceptually wrong and at the root of most of the dissa-
tisfaction with models today.

The Approach To Developing Models Is Wrong

Figure 1 depicts the traditional approach to developing
models. Most analysts develop models with only a generalized
understanding of the purpose of the model. Further, this pur-
pose is only implicitly linked to decisions that might be made.
For example, a modeler might be told to develop a model of a
production process that can be used by management to eval-
uate alternative operating policies, or a modeler might have
an objective to develop a ground combat simulation that can
be used to evaluate alternative force structures. No decision,
issue, or problem is stated explicitly although a wide range
of possible decisions could be implied. Without specific
focus, the modeler begins by designing a model that can
address a wide range of possible issues and questions.

Most analysts develop models by starting with their per-
ception of reality, usually described in great detail to ensure
“realism.” The next step is to collect or develop data, starting
with the lowest level modules and working upward. After the
data are developed, a model is constructed in such a manner
that output from lower level modules are aggregated and fed
into high level modules. Once constructed, the model is run,
data are input, and output is produced. Information, in the

form of graphs, charts, and reports, is then presented to man-
agement who is left to develop whatever insights can be devel-
oped and applied to the problem at hand.

The problems with the traditional approach are many.
They can be summarized with: “You can’t get there from
here!”

1. Reality is defined in too much detail and usually far more
than what is required for the decision that is being made.
This not only introduces many extraneous factors that
don’t matter anyway, but adds to the size, complexity, and
lack of transparency of the model.

2. The detail and complexity of the model limits the breadth
of the system that can be treated. As a result, the model
and the resulting analyses often omit significant compo-
nents of the system that impact strongly on the decision.
The decision maker is left to integrate these exogenous
factors—often factors that are the very drivers of the
decision.

3. Developing data is difficult, time consuming, and costly.
Many times it is actually impossible as the values for the
data are not known and cannot be computed. When the
data are developed, they may be precisely calculated as
defined by the model but inaccurate for the decisions that
are under consideration.

4. Regardless of size or complexity, no model can treat every-
thing. Models are therefore full of assumptions about the
things not modeled. Making assumptions is not bad. In
fact, it is the essence of the Top-Down approach. What is

7Y
Ny,
W

TRADITIONAL MODELING APPROACH

REALITY DATA ""MODEL''
i — B ' éjé/
INSIGHT INFORMATION | TONS OF
W 4 ’? OUTPUT

FIGURE 1




TOP-DOWN MODELING

510~ — B

NECESSARY
INSIGHTS

DECISIONS,
PROBLEMS

ASSUMPTIONS, AGGREGATE
DATA, PARAMETERS "REALITY"''
FIGURE 2

-— m< &

REQUIRED
INFORMATION

v

bad is that most large, complex models imbed the assump-
tions so they are hidden and often forgotten. When such
models are used to analyze decisions, a decision maker
usually doesn’t know if the imbedded assumptions are
consistent or contrary to other assumptions that are being
made. Analyzing scenarios with alternative assumptions is
usually impossible (requires another large data develop-
ment effort!) and, when possible, is often misleading
because of the hidden assumptions.

. The output is usually voluminous and “digital™—page
after page of numbers—and is usually highly precise, pres-
enting the “answers” to eight or more decimal places even
when input data may have been accurate only to one or
two decimal places. The output may be wrong with great
precision! Further, because the model was not developed

The problems with the traditional
approach are many. They can be sum-
marized with: “You can'’t get there from
here!”

with the specific decision in mind, the output usually does
not pertain directly to the decision at hand but must be
interpreted and translated.

6. Because the model was not built to address the decision at
hand and because they usually do not treat all aspects of
the decision in a comprehensive manner, insights from the

results are left to management to derive. These insights are
often impossible at best and misleading at worst. More
often than not, the model results are not relevant to the
decision to be made, treat only part of the problem, or are
based on scenarios and assumptions that no longer pertain.

In summary, the traditional approach to building and
using models just doesn’t work very well.

The Top-Down Approach To Modeling

What does work well? Top-Down modeling, combined
with a Top-Down approach to analysis, avoids the problems
and pitfalls associated with the traditional modeling approach.
Further, it is quick, usually considerably less expensive, and,
most importantly, inherently addresses the problems man-
agement is trying to solve.

Figure 2 illustrates Top-Down modeling. Top-Down
modeling goes about the analysis and model development in
just the opposite direction from the traditional approach. It
starts with the problem or issue that is being addressed (the
Top) and works down toward “reality,” almost always stop-
ping at several levels of aggregation above where the tradi-
tional approach starts. By starting with the decision to be
made, the Top-Down approach allows the analyst to define
both the scope that must be treated and the minimum level of
detail that must be treated. Usually this level of detail is not
great and is far less important than the comprehensiveness of
the model. The major benefits are:



1. It always treats the “whole.” No matter how small or big,
how simple or complex, the resulting model always treats
all the components of the system and their interactions
with one another. It values “comprehensiveness” much
higher than it values detail.

2. The Top-Down approach identifies the major drivers—
those elements of the system that have the greatest impact
on the outcome—and concentrates the effort on them. As

Top-Down modeling, combined with a
Top-Down approach to analysis, avoids
the problems and pitfalls associated
with the traditional modeling approach.

necessary, these can be modeled in greater detail. Unneces-
sary detail is avoided for those parts of the system that
don’t substantially impact on the answer.

3. Assumptions are numerous and explicit, allowing the anal-
yst to easily conduct sensitivity analyses. Again, this helps
to differentiate between the things that matter and those
that don’t. This also facilitates the analysis of scenarios
with different assumptions.

4. Data problems are minimized, and often avoided all
together. Since the Top-Down approach usually results in
a more aggregate model, data of a more aggregate nature
are usually required. Experience has shown that people

can usually provide much better estimates of macro
unknowns than for the detail data.

5. It permits the manager to go from decision to assump-
tions. While this may seem strange at first, it is one of the
most powerful features of the Top-Down approach. The
manager can ask, and a Top-Down developed model can
answer, “What assumptions would have to be made (or
what range of values would a parameter or factor have to
be) in order for decision X to be the right one?”

EXAMPLE: Modeling An Industrial Process

Top-Down modeling has been an extremely successful
approach in the area of military analysis whenever it has been
applied. The Top-Down approach to modeling is also particu-
larly well suited to addressing decisions in the industrial arena.
Unlike a production line simulation, it cannot and is not
intended to simulate every process that occurs in the plant.
Rather, it is designed to permit management to answer “what
if” types of questions: What if I run the process at different
rates? What if I switch products more or less often? What if I
increased speed at the expense of yield? And so on.

In a recent application of the Top-Down modeling
approach, an industrial process was being analyzed and a
major question was how fast the process should be run. Ear-
lier work had demonstrated that the large fixed costs involved
with the plants made it desirable to run the process “as fast as
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possible” in order to minimize total costs per item produced.
It was known, however, that the process yield decreased with
faster speeds. For small increases in process speed, the loss in
yield was small and there was no question that the speed of
the process should be increased. However, as illustrated in
Figure 3, plant engineers and plant managers all agreed that
“it was well known” that a “knee” in the yield curve existed at
approximately 1000 units per hour. Below this value, yield
decreased gradually with increasing speed, but above 1000 the
yield decreased dramatically.

While it was “well known” that the knee existed, no one
had conducted any data collection, analysis, or experimenta-
tion to determine what the curve really looked like above 1000
units per hour. Further, to conduct the necessary research to
determine the shape of the curve would have been costly and
very time consuming. A bottoms-up approach would have
insisted that such research be conducted so that the behavior
of the yield curve could be “realistically” modeled.

Top-Down modeling demands an entirely different
approach. Instead of conducting research to develop the yield-
speed curve, the senior executive (the one for whom the analy-
sis was being performed, who had many years of experience in
the plants) was asked to make his best estimate of what the
curve looked like. Without much difficulty, he drew the curve
in Figure 4 that showed yield as a function of speed. Although
it was “well known” among plant engineers and managers that
a knee existed at a speed of 1000 units, the senior executive
simply continued his linear estimate through this point.

The curve in Figure 4 was then used as the best estimate
of the yield-speed relationship in the plant model. The trade-
offs around the decision faced by the senior executive were

analyzed and sensitivity analyses were conducted to determine
which parameters and variables had significant impacts on the
decision. In particular, sensitivity analyses were conducted
around the yield-speed curve. In this case, the analysis showed
that even if the slope of the line above 1000 was 150 times
greater than estimated, the impact on the results was minimal.
In other words, the slope of the line above 1000 had to be
greater than 150 times the slope below 1000 before the deci-
sion maker would have made a different decision. While peo-
ple believed a knee existed, nobody believed it was anywhere
near this steep. Thus, the Top-Down approach to modeling
avoided all arguments (and extensive, expensive research)
over the issue of the knee in the yield-speed curve by showing
that it didnt matter for the particular decision being made.

On the other hand, had the sensitivity analysis showed
that the decision was sensitive to the yield-speed curve, then
more detailed modeling would have been conducted in this
area. Proceeding in a top-down direction, this modeling
would have remained focused on the particular decision need-
ing to be made, been highly aggregate (within the scope of
yield-speed), and would have been designed to examine the
sensitivities of the parameters that impact on the yield-speed
curve. As much as possible, it would have tried to resolve the
issues at hand without unnecessary detail and research.

When applied to other industrial settings, the Top-Down
approach developed a series of models that:

1. Demonstrated that yield, the measure of performance
imposed on plant managers, often led managers to make
decisions that increased yield, but also increased overall
costs and reduced overall profits.






