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INTRODUCTION

Gray's paper contains a description of the
DENDRAL system and some of its subprograms,
and opinions of the merits of this project. Previous
overviews of the DENDRAL project include
Gray's first references [1] and [2]. We feel that
Gray has misunderstood several of the motives
and achievements of this work and briefly com-
ment on these below.

Gray's paper goes beyond the narrow and
specific difficulties he finds with the DENDRAL
programs. He broadens the scope to cast a shadow
on the underlying symbolic-processing technology
and methodology ("AI").

Since Gray has the perspective of a chemist,
not a computer technologist, we feel it necessary
to address this broader question as well.

EXAMPLES OF MISUNDERSTANDINGS

The first question is whether Grayhas reported
accurately on the DENDRAL programs. Because
the DENDRAL work has been documented widely
in the literature (see references in Gray's paper

and in [I], it is neither useful nor necessary to do a
thorough accounting in this brief note, but we
present below two examples of misunderstand-
ings:
1. The central element and conceptual foundation

of the entire set of programs is the DENDRAL
generator (later renamed CONGEN). Gray de-
scribes the generatorin his Fig. 1 as a "heuris-
tic filter" that checks for "some spectral evi-
dence for each radical when building up struc-
ture". This is fundamentallywrong: the genera-
tor systematically enumerates possible struc-
tures within constraints.

2. Gray states that the Planner is part of Meta-
DENDRAL (our learning program). In fact, it
is thePlan part of the basic plan-generate-test
method for producing solutions for structure
elucidation problems, and has nothing to do
with rule learning.

GOALS OF THE DENDRAL PROJECT AND GRAY'S
MISINTERPRETATION OF THEM

1. Certainly intellectual assistance to chemists in
doing the difficult and often error-prone task
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of systematic structure elucidation was one of
our goals. We did not regard structure elucida-
tion as a task that was trivial and uninteresting
for chemists, as Gray seems to believe it is.

2. Notwithstanding this, the DENDRAL work
was motivated by the computer science ques-
tion of how computer programs could be de-
signed and built to assist with hypothesis for-
mation in science. Chemistry and mass spec-
trometry were secondary to this question, al-
though we also wanted to demonstrate the
power of the design by building high perfor-
mance programs. To illustrate this, when we
published the major retrospective of the first
decade and a half of this research in book form
(Gray's first reference [1]), it was published in
the McGraw-Hill Advanced Computer Science
Series.

3. All work on expert systems, including our own
in DENDRAL and many other projects, is
motivated by the intent to provide assistance to
human intellectual endeavor, not to provide
replacements for skilled human problem solvers.
It is unreasonable to assume, as Gray seems to,
that Carl Djerassi and Joshua Lederberg be-
lieved structure elucidation chemists ignored all
empirical data except mass spectra. The DEN-
DRAL programs focused on mass spectra as
exemplary of a source of information about
structure, and in fact we explored uses of other
sources as well.

4. University research projects almost never pro-
duce "industrial strength" products. They aim
to pioneer proof-of-concept prototypes. Theef-
fort and expense to productize is an order-of-
magnitude more than to do the basic research.
In the usual way, the DENDRAL programs
were licensed by Stanford University to an
industrial firm for this productizing effort, but
the firm (for whatever reason) never made the
necessary efforts at product engineering, market
education, or marketing. Hence market accep-
tance of DENDRAL was low. However, the
firm used portions of DENDRAL in its other
products, and indeed hired the three key young
computational chemists of the DENDRAL
Project (Smith, Nourse, and Carhart), one as
Director of Research. The lack of market

acceptance was not due, contrary to Gray's
presumption, to lack of performance: DEN-
DRAL's performance as a structure elucidation
tool was demonstrated repeatedly to be high
because of its systematic nature. The plan-gen-
erate-test paradigm used in DENDRAL was
indeed adequate for solving complex hypothe-
sis formation problems.

5. Gray does not appear to understand what kind
of code is needed in practical expert systems.
Gray remarks on how little "AI" code there is
in DENDRAL (how does he count it? lines?
concepts?), but apparently doesn't know that
practical expert systems contain major chunks
of code for "system", user interface handling,
and routine symbol manipulation. The rule of
thumb is: well over half.

CONCLUSION: THE CONTRIBUTIONS OF DENDRAL

The DENDRAL Project is regarded as the
grandfather of knowledge based systems -in AI.
Today's commercially important sector of these is
called expert systems. There are at least two
thousand of these in use today in companies in the
U.S.A., Europe, and Japan, and several thousand
more prototyped or under development. The tech-
nology has become routinized, and the payoff in
some cases has been in the tens of millions of
dollars per year. This is not the place to tell that
story; it is told elsewhere [3].

DENDRAL began at a time when the focus of
AI research was on general problem solving meth-
ods (e.g. GPS, theorem-proving, etc.). DENDRAL
research was the forcing function behind the so-
called "shift to theknowledge-based paradigm" in
AI, the paradigm that has since then dominated
the field. DENDRAL experiments prior to 1968
led to the knowledge-is-power hypothesis, now
called the knowledge principle by AI scientists,
that the power of programs to solve complex
problems derives not from the power of their
reasoning methods but from what theyknow about
their task domains.

The DENDRAL Project scientists were the first
to formulate the rule-based representation of
knowledge that today dominates the expert sys-



35 InvitedComments ■

tems field. This representationmethod led directly
to thefamous MYCINprogram at Stanford, whose
clones fill the space of expert systems in use
today.

The work on the DENDRAL generator,
culminating in CONGEN, was also landmark
work. It solved in a completely orderly, logical,
and mathematically rigorous way the problem of
the systematic generation of chemical structures,
with and without constraints imposed by the user;
and it offered canonical notational forms for the
structures (not only important but necessary for
chemistry).

The work on Meta-DENDRAL, the mass-spec-
tral rule learning program that was our first at-
tempt at theory formation from empirical data,
revived the research area of machine learning re-
search in the early 19705. Its "test case" produced
mass-spectral fragmentation rules interesting
enough to be published by a major journal of the
chemical literature. Much more important, its con-

cepts led directly to the Version Space approach
to the search problem in machine learning and
through that path to the approach called Explana-
tion-Based Learning.

Thus the DENDRAL legacy is rich in contribu-
tions to the stream of AI science and technology
and to computational chemistry. Gray's paper
tends to obscure that legacy and we wish to cor-
rect the misunderstandings arising from it.
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