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The engineer has successfully survived the onslaughts of the reli-
ability, maintainability, and human factors cultists and he is now
tussling with a number of other experts who are seeking to advise him
in the performance of his role. He has yet to face the ultimate
generalist -- the system effectiveness analyst. We predict that he
will find this battle a relatively easy one. This is not because the
system effectiveness analyst is not a formidable opponent; rather, it
is because the engineer will recognize that his antagonists have now
come full circle in their attempts to formulate specifications.

In years gone by, the engineer was responsible for the entire
design of what we would now consider to be a relatively unsophisticated
system. Indeed, there are still numerous examples, mostly in the
consumer lines, where there is still a sufficiently broad base of
competence on the part of engineers and clear customer requirements
to allow the designer individuality and freedom in the solution of

design problems.
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But as systems become more complex, these requirements are fraught
with uncertainties, and costs rise astronomically. The engineer is
judged inadequate to the performance of this monstrous task, and
whether he wishes or not, is advised by all sorts of experts who have

subdivided the responsibility of design. System specifications are

subdivided into numerous parts. A weapon system specification now
consists of, at least, a reliability portion, a maintainability
specification, a human factors document, certainly a logistic speci-
fication, and in some cases these too are broken down further. We
have documents calling specifically for increased compatibility, oper-
ability, reportability, repairability, and design simplicity. All this
within tight time and cost constraints.

A reaction has been setting in for some time now. There is a
desire to return to the so-called "single specification." At present,
this single specification appears to be nothing more or less than an
attempt to define yet another field of expertise, that of system effect-
iveness. As with the other areas of interest there is the usual problem
of defining what it is we mean when we say system effectiveness. Rather
than fight this issue at the moment we will take as our definition the

following: "System effectiveness -- a measure of the extent to which a

system can be expected to complete its assigned mission within an est-

ablished time frame under stated environmental conditions." We owe

this definition to the System Effectiveness Branch of the Office of

Naval Materiel. We must emphasize that "envirommental conditions" are



stated in the broadest possible sense. In addition to the physical
situation in which a system is found, we are also considering as the
environment, political, tactical, or strategic situations that the
system must face. The economic situation under which the design or
development is being implemented must be considered, and certainly
in one form or another the technological environment in which the
system is being conceived is also considered as part of the total
environmental constraint.

The system effectiveness cultist is no different from his brothers,
the reliability and maintainability cultists. He too is searching for
some convenient measure, some magic number that will somehow define his
objectives. He is searching for some criterion, preferably one that
can be quantified, that will enable him to compare one system with
another and that will eventually enable him to compare how well one
design is achieving this criterion as compared to another. Whether a
single measure of effectiveness can ever be devised is not questioned
here. But what is important is that measures of effectiveness should
be derived that are useful both to the analyst and to the designer.

This brings us now to the purpose for this paper. It is an intro-
ducation to a working session on System Effectiveness or rather on what
is being done today that is called System Effectiveness. It is our
purpose in this brief introduction to broadly outline the pgssible goals
of system effectiveness analysis itself and just how it canibe used and

by whom, and perhaps give some prescient interpretation of what we might




expect people to be doing in the future.

There are two kinds of activities that require an understanding of
system effectiveness. First, the analyst is always mulling over the
question bf evaluating proposed systems. Analysis can be thought of as
outlining and evaluating a range of credible contingencies and a range
of measures including plans, equipment, operational concepts designed
to cope with such contingencies. The analyst must find measures with
which he can compare systems that might satisfy the contingencies in
order to be able to select the one most suitable to the task. More
frequently than not the analyst is working with abstract concepts of
systems for which he must seek out worthwhile evaluation criteria.

In general his criteria are relatively straightforward since he estab-
lishes a reference level upon which he will compare the proposed systems
with the established criteria. For example, given an overall require-
ment for, say, a bomber that will achieve the highest probability of
getting to its target, he may consider as measures of system effect-
iveness such things as range, weight, payload, and speed, and optimize
among each conceptual aircraft by trading off these four factors against
each other. Thus he comes up with what he considers to be an optimal
system for obtaining the highest probability of getting to and over a
target. His measures of effectiveness or his criteria are some functions
of range, weight, payload, and speed. If he analyzes all other con-
ceptual designs in the same manner, he can compare the effeétiveness

of one aircraft with another.



There is a high degree of aggregation in the analyst's work. He
may completely specify a complex weapon system by some simple measure,
such as number of pounds delivered to a target within some range of
accuracy. Realistically, of course, this is not the definition of a
complete weapon system but, nevertheless, for his purposes it is quite
useful. Such a definition is, however, of little value to a designer
who must now begin to play with all sorts of subgoals in order to
achieve what the analyst hopes will eventually be a weapon system.
The analyst utilizes effectiveness models to synthesize systems in
terms of some concise measures of effectiveness. There is a great
deal of judgment in his work and, indeed, he must be careful to use
his results carefully. He must be fully aware of the risks and un-
certainties that he is trying to aggregate and to make sense out of.
He must acknowledge certain imprecise measures, and must be careful
not to let some spurious precise measures, which might easily be
derived, outweigh his judgment of the overall nature of his problem's
uncertainties. He deals in probabilities and with all the tools of
statistics. He deals with analytical models and perhaps with gaming
approaches, which enable him to better firm up some of the assumptions
that he is making. But he does not deal with sufficient accuracy or
precision to satisfy the designer who must now try to turn what the
analyst has conceived into reality. :

System design refers to the task of realizing specific s&stems in

the light of the information provided in the broader system analysis.



Our experience in the fields of reliability and maintainability has
shown us that this translation of conceptual goals into design reali-
zations is a most difficult task. We are still searching for those
relationships that will more clearly define for the designer what it

is the analyst is trying to achieve, even with respect to reliability
and maintainability. Now we come to the much broader aspect of system
effectiveness where not only reliability and maintainability parameters
must be considered, but each of these must be traded off with perform-
ance criteria. Highly aggregated measures of system effectiveness are
not very useful to the designer. He must use very specific measures --
measures that enable him to define hardware to satisfy criteria.

It is interesting to note that the nature of present efforts directed
towards effectiveness analysis is quite different from that now performed
for "effectiveness design." Defining effectiveness measures for the
analyst is research-oriented and aimed primarily at trying to understand
basic principles. It utilizes mathematical techniques to a high degree.
Defining effectiveness measures for the designer, however, shifts from
the research-orientation of looking for basic principles over to tech-
niques of organizing the design performance, managing the design per-
formance and, generally, setting up a structure of project management
within which the designer must work. We seek to define decigion-making
points where the designer must come face to face with the anélyst and

try to defend his approach to a requirement. The desig;er;uat least at

the present time, does not possess the tools required to analytically



determine the details of his design. He works, as he has always done,
to some specifications which are, at best, approximations of goals in
the hope that somewhere along the line someone will tell him how well
he is doing.

We have been describing in reality, two aspects of system-effective-
ness engineering. There is the more analytical approach to which the
system analyst must subscribe. His work of necessity abounds in non-
quantifiable judgments; he must consider the nature of the world in
which his system will operate and perhaps the nature of the enemy
against which his system will operate. He must also consider how long
it will take a system like his to be achieved, for this too is a measure
of cost and therefqre a measure of overall effectiveness. The analyst
must clearly understand that any effectiveness model that he puts together
abounds in uncertainties and he must be clearly aware of how to live
with these uncertainties. As systems become more complex and inter-
actions between them more difficult there is less chance for his models
to be quantitative and more chance for his models to be based upon judg-
ments. The analyst is working in a field that is full of unanswered
research questions. To achieve anything at all in this kind of environ-
ment , he, of necessity, searches for some unique definitions of effective-
ness, which are combinations of many factors.

Once these factors are introduced to the designer, the t?sk becomes
a bit more complicated. Suppose that in order to satisfy so&e measure

of effectiveness, he must exceed a desired cost and/or a desired time



period. The designer wants to know by how much he can exceed these
two subgoals in the achievement of the major goal. At the present
time the only way in which this is done is a sort of cut-and-try
effort, in which the designer will attempt certain approaches and
then resort to discussions with and judgments placed upon him by a
variety of ability experts to see how well he is doing or how well
he can do. In short he has no way of cleanly traversing the gap
between the aggregated effectiveness model of the analyst and the
performance effectiveness model with which he must deal. What is
substituted for him is a procedural model that he follows and that
is imposed upon him by, say, a system project office or his own pro-
ject management.

At this session several approaches to this effectiveness dilemma
will be discussed. First, there will be a presentation of an approach
to effectiveness modeling that appears to be more useful to planners
and system analysts than to designers. This will be followed by a
technique that has been of some use to both camps. And finally, there
will be a presentation of an approach that is designed for designers.

Has the work thus far performed accomplished the specific object-
ives that were initially set forth? 1Is it possible to develop an
analytical tool that will make the practice of system effectiveness
analysis of value both to designers and analysts? Whaéwﬁeéésgfaibe

done to bridge this gap between analyst and designer?
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