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188 AFPEICALIONS OF ARIIFICIAL INELEEIGINGE FONR ORGANIC CHEMINTIRY

d. Bond types (sngle, double, taple aromatic)

¢. How to detect topatopscal symmetry

£ How to compute degree of unsaturation fromn empirical tomaule

g. How to draw reasonable planar projections of molecular stractures

. How to gencrate all somers mchuding tused nmps, spio formy, ete

i, How to generate all sterenisomers

. How to find cyctes and arbitranty complex subgraphs

k. How to find the greatest common subgraph among a et of graphs

1. How to label nodes and edges of graphs in all distinct way's, taking account ot
symmetry

m. How to smulate spevific chenical transtonmations, snch as synthetie reactions

(¥}

. Knowledge of chemical stability
a. Twenty classes of unstable acyclic structures known: any others can be speciticd
b. How to recognize keto-enol tantomensm, other tatomers can he speaabied
¢. Terpenc rule
d. tsoprenc rule
e. Bredts rule
. Knowledge of mass spectrometry
a. How to infer the formuta of any molecular ion
b. How to compute results of any specified {ragmentation and rcarrangement
¢. How to predict metastable peaks and use them for confirmation of interences
d. Ruie of charge placement on fragments (hut not on atoms}
e. Half-order theory produces rough prediction of actuat spectia
f. Refined theory can be added tor any famuly of structures (now avilable for
ketones, ethers, alcohals, amines, thiols, thioethers, estrogeme sterowds, keto-
androstanes, marine sterols. and aromatic acids)
g Mclafferty rearrangement. water elimination, carbon munawde elimmation,
carbon dioxide climination. and elimination of other user Jefined “neutral

e

spegies”

h. Drstinguishes high- and low-resolution spectra

i, Distinguishes low voltage and high voltage measurcments

Knowledge ot availabie to DENDRAL

a. Three-dimensional structure (except of sterevisomerism)

b. Polymeric structures

¢. Quantum mechanical explanations of mass spectrometry processes

d  Electronegativity :

e. Physical properties such as Jipute moment. molecular susceptibthty . melting
point, crystal structure. and many others

-

In addition. ali the knowledge of LISP 15 presupposed by the DE NDRAL programs
For example, anthmetiv and set theoretic vperations. sy mbol mampulation interprets
ton of complex procedures, and countless bookkeeping apecitions Conderable
amounts of code are devoted to keeping track of intermeduate results the overall
processing This “specialized bookkeeping” knowledge 1s not veny profound. vet it 18
indispensable for the integration of many complex procedures.

SUMMAKY AND LONMLUSHING 159

Alimost all BENDR AL S huowledye iy tatored to the task of molecutar stracture
clucrdation Tuspite ot thie elegance and simphaty ot computng concepts we have (o
work with The problemsalvime procedures in DENDRAL ae sull very specisd purpose,
cotmplen . s valnmbous Mykng the procedures, and knowledge base, more genera!

wonld b ncieased the harden of dehugging thenn i most cases.

922 How Iy Knowledge Fmiployed in Heuristic DENDRAL and
Meta-DENDRAL?Y

In Chapter ¥ we desanibed the orzamzation of problem-sotving systems. The magor hr-
fureation was between gleonthms and hewntic programs. Heurnistic programs were
turther Charactenized as cither search theourh a space of subproblems o as generation
ob candidates trom o ywce af potennal sodusions. 1 also possible that a problem
speh € consints of partigd solutions, asan the HEARSAY speechunderstanding system,
[t nnan and Lesser (1978) among others] A space of partial solutions s an cffect o
combmation of g space ot solutions and a space ot subproblems.

In cither case, search o generation, the alternatives consadered may be hmited to
those known to be legal according to a given rule. of to thase that are merely plausihie.
In cach case, problem solving may termmate with the discovery of a satisfactory solu-
twn . or proceed until the optimal sotution s tound

To this imitiad dwvistion of heunstic programs, we added the concept of planning as
exemphitied by the planming phase of DENDRAL's basic solution generation method.
More genetally, the use of planning can lead to computational economies in two ways.
Planning can prune the pace (ot suhproblems or solutions) by elimnating wclnms»u!
1t oand directing search to certan other sevtions, or it can guide the problem solving,
cither by srdering the sear h/generation sequence. or by modifying e subproblem/
solntian cambidate to produce the next, using .« hlichmbing fevolutionar ) method.
in the hvbod case ot 4 space of partial selutions. both pruning and gusdan.e methods
are appheable

Planming. furthenmore, may be charactenized along a different dimension. It may
he datadriven or expectationdniven Datadniven planming begins by examination of
date ttrom nstraments, perhapa) and attempts to induce hy potheses to gecount for it
Fxpectationdaven planmng begins with a medel of the phenomenon and uses it to es-
tablish expectations

{t 15 possible to estahlish 2 taxenomy of problemsolving systems based on these
towr binary charactenstics (1) subpsoblem space versus solution space. (2) legal versus
phausihle alternatives considered. (1) pruming heunstics versas gusdance heurnistics, and
£3) Jata derven versus expectationadnven While such a taxonomy s useful, it should
he remembered that the values of these dimensions are not muattially excusive nos ex
haustive and indeed greater power will probably denve from tuture sy stems that com-
e these methods m varesus wavs

Hevnare DENDRAL snay be Jharactenized as a gencranor of leeal solutions with

mm—

'
For these seasons we beok Torw ad to advanoes in aulomatie programming thal sl ampehty
the provramming. debueenme. and mrerty ine ot comphos prinedures
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