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Introduction

The problem of dealing with uncertainty arises in many areas
of Al research and has been attacked with a number of
mechanisms. This panel is intended to bring together several
of the researchers who have had direct experience with the
Issue, to report briefly on their efforts and discuss the relative
merits of the various approaches.

The panel, originally entitled "Reasoning with Uncertainty”, was
renamed to encourage a broader view of the topic.
"Reasoning”, i.e., inference, in the face of uncertainty is only
one of the manifestations of the problem and may as a result
be too narrow a perspective. Part of the emphasis in the
discussion will be to examine the utility of a broader view.

The problem

In the few domains where concepts and inferences can be
totally formalized (e.g., pure mathematics), there is no
uncertainty of the sort we are discussing here. Unfortunately,
in all real problems attacked by Al, we eventually run afoul of
the issue. The problem commonly has two sources. First, the
basic data we have to deal with may be uncertain. This may
occur due to noise (as in speech or vision), due to the fallibility
of our measurement procedures (as in medical laboratory
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tests), or due to the inherently ill-defined nature of the
concept involved (as in "block A is ‘near’ block B"). Second,
the processing applied to that data may introduce its own
uncertainty, typically because we lack a comprehensive
understanding of the domain. In speech understanding, for
instance, we have as yet no theory which allows us to proceed
unerringly from waveforms to phonemes to words. Al best we
can offer plausible guesses at each stage, and must hedge our
bets by making multiple such guesses.

The Questions
To provide a focus for the discussion, the participants were
asked to consider each of the following questions.

Construing the issue of uncertainty in the broadest sense, what
kinds of problems attacked in Al appear to have dealing with
uncertainty as a truly central issue? How is uncertainty
manifested in those problem areas? For example, work on
deductive inference [6], modelling some aspects of common
sense reasoning [9), hypothesis formation (5], and signal
understanding [1] all had to deal with uncertainty of slightly
different form, and all developed different mechanisms.

The psychological connection: What kind of behavior do people
display when dealing with uncertainty? What can we learn
from this and ought we to try to mimic it in our programs?

What are the current interesting and unsolved issues in
representing and dealing with uncertainty?

What would constitute a good solution to the problem? That is,
what performance characteristics would it display?

Has there been too much attention paid to the numbers? All of
the schemes developed so far eventually use some numeric
representation of certainty, but in some the computation and
propogation of those numbers is the central concern of the
scheme. As we note below, it might be argued thal this is an
undesirable situation.

Of these questions,the last appears to be potentially the most
controversial; it might prove interesting to focus on it in more
detail.

As Inspiration, consider the following argument that strong
emphasis on the numeric aspects of the problem is misguided.
First (perhaps not surprisingly) none of the schemes developed
to date has a precise notion of uncertainty, a situation which is
manifested in the ill-defined nature of the numbers involved



and the processing applied to them. At best, we are given
rough guidelines for what the numbers are to mean and some
vague assurances that they can be assigned consistently. The
arithmetic then done on them is typically ad hoc and its formal
properties (e.g., its relation to other models of inference) often
not well understood. The overall effect -- ad hoc processing
of ill-defined numbers -- does not inspire confidence in the
result.

One common response is that not much attention is paid to the
precise result, only the range it falls in or the overall ordering
it produces. This brihgs up yet another problem, a by now
traditional dilemma: if the systems built around these
mechanisms are too sensitive to the numbers produced, that’s
bad because no one is ready to defend the precise numbers.
Yet if the systems are relatively insensitive to the numbers,
then all of that mechanism appears spurious. What is the
"appropriale” level of sensitivity?

In more general terms, | suggest as a point for discussion the
following claim: The numbers and numeric calculations involved
in representing and dealing with uncertainty are at best
artifacts. Any time the main focus of attention is on the
numbers, that’s a symptom of something wrong, most likely that
there is too little power in the underlying approach to the
problem. As a contrast, consider the HEARSAY-II [1] work on
speech understanding, in which dealing with uncertainty was
viewed as an issue of problem solving, and in which the system
architecture and problem solving paradigm were designed to
confront the issue. Various measures of uncertainty were
introduced (e.g., the credibility of .hypotheses, the focus of
attention evaluations, etc.), but they played a far less central
role because the basic approach -- which included the use of
multiple cooperating knowledge sources, best-first search, etc,,
-- was itself capable of reasonable performance in the face of
uncertainty.

As a specific example of the difference in methodology,
consider HEARSAY’s use of word hypothesis credibility ratings.
One way to attempt to get high performance would have been
to put effort into developing a finely tuned rating scheme
which could be relied upon to give the best score to the
correct hypothesis. But this was not done. Instead a version
of best-first search was developed which first sought out
multi-word hypotheses and then used these as "islands of
reliability” from which to press forward the search for a good
global hypothesis [2]). The power of the system came from its
basic problem solving paradigm, not an elaborate arithmetic
model of uncertainty.

Other mechanisms with similar abilities to deal with uncertainty
have been explored in other problems:

partial matching, in which the result of the match is not just
success or failure, but a symbolic indicalion of how closely the
match was achieved and what parts faled to match;

“constraint sharing”, resolving uncertainty by taking advantage
of ways in which partial solutions to the problem mutually
constrain each other. That is, rather than attempting to
resolve every ambiguity as it arises by carefully ranking every
alter native, the program continues processing and uses other
results to rule out some possibilities. The technique has its
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rools in relaxation techniques developed for solving differential
equations, but has since been applied in symbolic form to a
range of Al problems (e.g., [8,3,7,4)).

The success of such mechanisms on interesting problems and
their deemphasis of numeric propogalion schemes is, or should
be, food for thought.
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