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EXPANDING EXPERI1SE RBY USE UF AN EXFPERI SYSTEM

Thomas G. Kyle

Atmospheric Scirences Group
I.os Alamos National Laboratory
Las AHlamos, NM 87545

AESTRACT

By constructing arn expert system as a research project
proceeds 1t 1s possible to aaid the development of expertise
within the researcn prarect. Tnis benefit cccurs because there
1s a neea for rules i1n the construction of the system and this
motivates the researchers to formalire and relate the rules
that researchers are canstantly forming. There 1s also a
berefit because each researcher putting his newly formed
Knowledge into the system makes 1t availlable to all otnher
participants in the project.

Wnher tne progect involves complex scientific phenomena the
use of 1ntercornnected simple mathematical models is needed to
properly express the relations. The ability of the models (a
represent the values of a field of parameters permits
researcners to refer to the individual pnenomera within the
realm of the model withouu having to reexpress all the complex
relatianshipos the model appraoximates. The madel is «wtill
usetrul evern wher the rules being input into the expert system
involve moditications that must be applied to the model oautput
in particular situatians.

1. INTRUDULCT LUN

An axiom of expert system development has been that a human
expert must be able to solve a praoblem befare an expert system
15 fteasible. R mew application that uses an evolving expert
system tao test and agemonstrate tentative ruies as a group of
experts develon theilr understanding 15 pushing this axiom to
the lim:it.

lhe present systen 1nvalves a multiple lapboratory project
investigyating the oown-valley winds that develaop 1n larger

mountairn valleys at night. These winds occur wh::v the air rnext
to fha pround cools, btecomes more dense, and starts to flow
down the valley. (e motivation for understarding these wirnds

is the possikility that o1l shale processing plants will be
located 1n such areas and these dowrn—valley winds would cause a
pooling of the plant pollutanta,



fhis particular project is simlar to many atmcspheric
science research efforts that i1nvolve coordinated research by
severai organizations. The problem involves the comriex
interactions of the atmosphere with researchers individually
investigating their own spectiralized fields and relating thear
rindirnys to the overall research problem. This means the
techrnigyues being used fur the down-velley “lows have a fairly
wide applicability, and will be discussed in terms of a
gereralized approach rather thuan Just in terms of this
particular project.

The object 1s to build an expert systewm using the gerneral
Kriowledpe of the researchers as well as what they have learned
about the subject being investigated. In trying to express
their results 1n rules suitable for a knowledge based expert
system the researchers formalize avid express many results tnat
wauld never appear in project reports, The rules for the
expert system may i1nvolve a rnumber of if's, and's, and or's
which would sound too tentative and urncertain to include in a
report or scientific article.

Research often irnvolves ohservivng what occurs ard forming a
teritative set of rules i1relating what has occurred to the
exi1sting conaitions. The data are then avialyzed to verify that
the tentative ruies are valid, bu* the differernt researchers
usually have different tentative rule sets. It is not  enougn
to aohserve what has occurred; the obj)ect 1s to conceptualize
and categorize the data i1nto a cumpact set of conclusions.

Wher thnere are seemingly conflictirng rules, the process of
tormalizing the rules for the eéexpert system becomes a real

asset. After attaching all the required conditions tao the
rules, the different researchers will ocften find they have
compl imentary rather than conflicting ru'es, When tentative

rules disagree over what happerns under particular conditions,
at least one more caorndition neads to be attached to the rules.
This reed tar more specific cornditions illustrates how rule
formyulation can expose areas in which theve is reed for more
research.

Tne use of an expert system with rules pravided by
researchers in other specialties provides an  aid to the
indaviagual researcher in understarnding his own results. Ry

using the expertise put into the system by other experts, he
obtains & wider context for his results. tor example, he may
Know that conditions H and B must be sati1afied before he
abserves result G, but without the expert system he would be
unaware that conditions H and K carnnot come about whern
congition D occours. The system tnus expands hils  result to
incluwdre the fact that D excludes C.
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. SYSTEM F RAMEWORK

Hecause of the difrerences 1n how tne presernt expert system
is to obe used, 't has to be constructed somewhat aifferently
tharn the usual i1ngquiry system. lt 1s 1mplemented on a VAX 780
1n the FRANZ LISP language. The system also 1ncludes a set of
mathematical subroutines that are programmed in the C
language.

Input to the system is by selectirng fram a list of conditions
that can specify the ernviraonment, and this enviraonment
determines 1f a particular result cccurs. But the occurrernce
is actually Just be ancther environmental condition and may
also serve as one of the conditions for some other rule. This
means that conditions and results ae part of a single cet.
Small diffterernces irn the way different esearchers would
express the envirorment can be quite important and the use of a
mernu tor the specification of the e.wvirorment avoids the
praliferation of almost equivalent conditions that do nat guirte

match. If a rnew 1rule requires a canditiom that 15 not
available on the menu, the new condition 1s added to the merwu,
but only after an effort 15 made to use Lhe existing mernu. The

use of a mern alea helps remind the researchers of conditions
that mignt otnerwise be overlcoked.

In cperation the system provides a menu arnd Lhe user Sselects
the desired envirornmerital conditiaornms. The system themnm us2s its
rule set and these canditions to getermine all aother
environmnental conditiorns which would be expected to occur as  a
result or the gpeci1fred conditilions. The maost important
conditions are output along with an invitation to questicon the
system about the results. The system carn relate such things as
the ruleleading to a particular result, and with repeated
auesticons the full details about how the result came tu Dbe
reported carn be explored. It is also possible ta ask why some
particular result does not occur and be gr:ven thouse conditions
that would have to wxist for that result to be valid.

lt 15 "mportant to distinguish here bhetweer conclusionms about
cornditions and the complete set of results availahle from the
systen. # mathematical model, which 1s discussed helow, is
available fur praviding numerical values ot metecralogical
conditions at general locations., These values murit be
requested trom the syatem when they are des:red.

There i1s a second set of rules that are only tentative. This
set can be ei1ther included or excluded when the system 1
aperated. The rules in this cateqgory may have wverlappinyg or

conflictirng conclusrons. Doing camparative rurms ot the system



with different subpsets of tentative rules permits the
researchers to test their observationas against the rules and
@ither verifty, extend, oar refute the rules.

After a tentative rule is refuted by the use of observaticnal
data, the persor who provided the rule has the cpportunity to
further specify the covrditions under which it applies. This
serves to rescolve diusputas and to focus the attention of the
person providing the rule on possibtie shortcomings of the
rule.

3. MA(HEMAI'ICS HND THE EXPERT SYSTEM

ln meteorology orn2 uses a combination of mathematics and
abservations. The scientists make observations tnat are both
qQuantitative and qualitative, and these lead to conclusions
that can be expressed 1n words. lr this sense the rules the
meteoralogist puts forth are rnot so different than the rules
found in any cother expert system. The difference comes in the
application of the rules. Trhe gqualitative rula that sounds
simple may result in greatly altered situations that carnnot be
stated i1r a reasuvnable rumber of words.

This rcan be better urderstocd with an example such as the

rute "If the surface is covered with trees, the dracg
coefficient will be large." 1ne wind field at the surface is
cetermined by the relative values of the drag coefficient and
other pnysicsal parameters. R change in the drag coefficient

can change the speed and the direction of the wing, which
changes coaling rates and so on down through several other setge
o parameters.

Iln gealing with a situation such as this the expert system
bui lder faces a dilemma because his crafg 1s based orn the
assumpticarn  that experts have the aoility to solve problens
without starting fraom first principles. Yet the neea 1t
describe the repercussiong of samething like the example above
seem 1mpossible ti express without going to the aguatiorns that
relate drag and retecralogical observables.

In spite of this dilemma, there i1s a halfway ground that the

experts use ta aveld having to saolve partial differential
egquatlions in their heads. 'me metecralogist krnows that there
is & set of equations which, 1f proaperly applied, contain the
solution to a problem of this sort. However, the equations

reguire rather precise boundary conditions, a supercomputer tmo
sclve, and ever, after the scolution is found it 1s rot possible
ta discern what the result of altering some particular
parameter would be. That result can anly be determned Dby
altering the parameter and rumerically solving the equations



again. The expert avoids this dilemma by usirg a set of
empirical mathematical reiations that give reascanable
approximations to the full set of dyriamical equations.

This same approach is being used to build the expert systen.
A number of equations are used to approximate intaractions
among bparameters. Examples of this might be the wind down the
slopes and the wind down the aAxis of a valley. Of course there
is some interaction of these two winds, but so far it has been
possible to use an equation that simply espresses that the sum
of the winds down the slope make up the wind down the valley.
Moreaver, arnn algebraic frquation involving two parameters 1is
assumed for the prafile of the wind velcoccity as a fuwctian of

altitude. This gives a tremerndous compression of 1vfarmatian
because with the values of two parameters the veicclty at every
point on the profile can be specified. The system can then be

queried about the velocity at any altitude, and it will proavaide
it.

Gernerally, the relations used have represented some
phencmena, noct Just parameters. The example in the previous
paragraph illustrated how a mathematical approximation carn be
used to specify the phenomena of the wind field. In the sane
way réther direct equations or madels of phencmena like
turpulent wmixing, radiative cooling, or effects of grournd cover
are rieeced » transfaorm the words used by the experts i1into
Quantitacive relationships.

Mast of the equations represented in the models were Known
before the present proiert started. Thay had either beern used
by exoerimernters as equatiorn= Ffor fitting the:ir data cr derived
through the use of simrl .fying assumptions. The greatest
effort was in getting the ifferent equations related to each
otner. This 1is a continuing effort because rew understanding
by the researchers often invalves interactions between the
models.

Having once tormed such a tramewcrk as a bhasis tor the expert
aystem, 1t 15 alNays pos&ible to add rnew terms to the ecuations

in the models. Such equations may represent 1dealizatiaons of
the actual situation, cr specify what chanpes 1n the real
situatiorn are brought about by particular condations, Tne task

aof the expert system 1% to couple these charges 1nto  Lthe
averall situation through all the relations that i1nvolve the
ailtered parameters, Changing ona equation has a riople effect
on many other equations. In the same way that 't 15 rnecessary
to cycle through a set of if-then statemernts unti1l there s a
pass when no additiaonal statements are satisfied, 1t 1S
necessary to cycle through the equations several times for  all
interactions to come to equilibrium. Sa far, no problems with



harigups due to ascillatiaons i1n the equations have occurred, but
such hangups could occur.

At this point 1t might be best to restate why the expert
system is being built when it saunds as though orne can run a
mathematical model that calculates the value of all the
observable quantities throughout the region aof interest. The
hasic equations are known for the model, but how some
quantities should be expressed and the scale of events which
are i1mportant are rnot Known. Tne researchers have to examire
indivioual phenonena to learn how the individual events are
important 1n the overall situatior. The ability of the expert
system tc deal with large numbers of relations, to cope with
incamolete infarmation, arnd to serve as a caollecting point  for
relations make it a valuable addition to the research progran.

The mathematical models convert words i1rnto tields of numbers,

but there 1s a multitude of mocels that could be used for thas
coanversiar. It requires arn expert to select the proper model,
to provide the nreeded default parameters for missing

information, and to appreciate how valid the model results will
be in a particular situation. Ir the present application, the
expert system 1s being used to combire tne developing expertise
of experts in several meteorologlcal speclaities.

"ne expert system 15 being canstructed as one way af trying
T urigerstand why particular meteorolonglcal events accur as

well as what events cccur, Th1s makes the query system of maore
tharn usual 1mportance and requires a distincticn between what
nappens and why 1t happens. It 15 aften riecessary to include

what might be called a "because" 1n the 1f-then statement. The
pecause gives a physical explanation of the basis of the rule.
fFor example, there might be a rule, "l1f there is a strong
ambient wind at levels above the valley, and if this wind is
rnot 1n the direction of the valley flaw, thern the wind down the
valley walls will be nrnegligible because of turbulent coupling
of momentum. ' 1he pecause clauses have no effect on the system
operation but are 1mportant 1v the research made. They label
the empirical rule with the physical conmcept that underlies the
rule.

"he pecause statements can pose a cifficulty evern though the
rule 1tself 15 gererally accepted because the researchers may
arrfer as to why the ruale 15 valid. Uurne of the researchers
Willl normally be able to use reasoning and data to demonstrate
tne superaiority of his torm af the because statement, but untal
Ne goes there 1s ho harm 1n anc) iding more tharn one possibility
1in the because, It might Say, M e becavse of turbulent
caupling of momentum, ar because of Hernoull, effects.” This
leaves the question open urnitli someone frinds an acceptable



solution to the aisagreement.

In other cases a rule may be tound useful, but there may be
No HNnown connectlon between the parameters invalved 1n the if
clause and the thenr clause. The reason ¥1l1]l usually turrn out
to be some third factor that relates the if and the tnen
clauses. Umtil this nappens, the because statement carn state

that the cormnection 1s not understood. Such a statement
presents an open c*- lernge to the researchers and can be
expected to be r »d before much time passes.

4. DISCUSSION

As is often the case, this system is turning out tc be gquite
different than oripinally conceived. The most 1nteresting and
important aspect of this has been the need to intrcduce a
mathamatical moagel into the system. Meteorologists seem tao be
ablie to converse about the topics beivg put into tne expert
system with almost no mathematics. The differerice 1s that each
of the people in the conversation already has a mental image of
the phenaomeriorn 1n/olved.

The caoriversaticons usually discuss the effects of chariges 1n
one or two parameters, and this keeps the picture simple ercugh
tor everyone to keep their mental image updated. The expert
system does rnot limit itself to one or two parameters: and tinus
1t may not be possiple for the user to understand how the
expert system result comes about. The use of the mathematical
model helps by allowing rnumerical and graphical 1rnformation to
be preserited. fhe graphical information is especially heipful
to the wuser in transforming his mental image into the system
result and vise versa, and that is important 1in achieving
system credibility.

The study of dowr—valley winds is still in progress and work
on the expert system will continue until after the research is
complete. Rt that time the expert system will have abstracted
most of the projent resulces. It will have also> served the
usefui purposes of helping the researchers formalize their
observaticonai results intc defimite rules anmd of improving
cross communications oetween different research specialties.
It is also significant that the system will provide a mechanism
to preserve the expertise that has been develcoped in a more
complete and usable form than the usual project report. It
will alsc prevent loss of the expertise as the researchers
arift 1nto new anc different research subjects.



