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HbsrRf4cT

by cconst-uct ing an expert system as a reSedrCh pr!aJect
proceeds lr 15 posslbie to aid the development of expertise
withzn tne researcn pro lect. “rnls benetlt occurs because there

1s a need tar rules in the CCrlStrUCtlQtI of the system and this
MOtlVdtC2S the researchers to t~rmallie and relate the rules
that researchers are constant ly forming. ‘l-here IS also a
benefit because each researcher puttlrlg his fiewly formed
knowledge into the system make= it available ta all other
participants in the praJect.

Wherl tne proJect involves complex scientific phenc,mena the
use cIt lnterccumected simple mathematical models is needed tc,
properly express the relations. The ability CIf the models tc1
represent the values of a field of parameters perrnlts
researchers to refer to the individual pnermmena withir, the
realm ot the model withouu having to reexprf?ss all the compie)(
relac lf3rlShlDS the mode 1 approximates. The mode 1 is still
IJsetul even when the rules being input into the expert systrsm
lnvalve modlt’lcatlons that must he applied to the rmxlel mutput
in particular sltuat ions.

1. lNTRUIJUCI lL)N

I-M aMlclm at t:~pr+rt system develc!pment has been that a human
expet’t must be able to solve a prmblem before an eMpert system
1s teas~ble. H new apollcatlorl tnat use= an evolvlnq ex pert
6y5tem to Cest An,7 aeman5trate tentat lve ru1e5 EIS ~ qrutI,Ip I:IF

eM13E?rts develom their urlderstandlng 1s pushing tt’tlsaxlonl tc,
the Llmltm

I he present system involves a multiple laboratory prclh]ect
Investlgatlng the oown-vall~y winds that develop lrl larger’
mountalrl valley:; at nigrrt. “1’heuewifids @ceur wh ?n the air’ rw~t
to l,he qr-aund cools, Hmcame= more dense, and starts to f1Ow

down the v~] lf+y. (Jne motivation for understanding these wlncf%
is the pc,%siblllty that 011 shale procesmlnq plant~ Will tJC?
located lrl such areas and ~hwmc? dowrl-valley wirds wuulci caus~ a
pooling m~ the I]lant pmllutantm.
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I“h1S part lcular proJect is simlldr to many atm~spheric
Sc’lerlce research efforts that involve Caordirlated research By

severs 1 m-gamizatlons. l“he problem irivalves the cam~iex
interactions of the atmosphere with resear~’ners indi’zldudlly
investiqat lng their own specialized fields and relating their
rindimys to the cweral 1 research problem. This means the
techniques belna used fcr the down-valley ‘laws have a fairly
wide anplicabiljty, and will be discussed in tevms of a
generalized approach rather than JU5t in terms of this
particular r3roJect.

The obJeCt IS to build an expert system using the genera 1
knowledge of the researchers as well as what they have l-arned
about tne suDJect being investigated. Ill trying to express
their result6 in rules suitable for a krmwledge based expert
system the researchers tormalize and express many ?’@SultS that
would n~ver appear In proJect reports. “1he rules fcn- the
ex pert system may Involve a number of if’s, and’ s, and Grf s
which would sound too tentative and uncertain ta Include in a
repc,rt or 6clentific article.

Research often involves observlnq wnat occurs arid forming a
tentative set of rules relating what has oc-curred to the
exlstlng conaitlons. “The data are then analyzed tc, verit’y that’
the tentative rules are valld, 12u” the dlffer”ent researchers
usually have dif’tererlt tentative rule sets. It is not erlougrl

tn observe what has occurred; the c!bJect 1s to conceptual lze
and categorize the data into a ccimpact set mf” conclusions.

when tr-rere are seemlnyly canfllrtlrlg rules, the process of
tc~rmallzing the rules f’ar the expert system becomes a ~.&,+J1

asset. Rfter attaching all the required Corldltxorls to the
rules? the dlffE?remt res~a~~hers will uften find they have
complementary rather than conflxctinq ru~ es. When tentat]ve
ru,les disagree aver what happens under particular c!andit ions,
at least one more condition needs tm be attached to the rul-s.
“[his need tar mare specific aovdlt 10.FIS illUGtr’i{tL2S how rule
imr-nlulatl~~ can e~pcmse ar”elas ir] which there is need fcIr mor~>
research.



because of the dlfrerences in how tne present e~pert system
is to be u5Rd, ~.t has to be constructed somewhat al fferemtly
than the usual lnqulry system. lt 1s implemented CIiIa VQX 780
in the FRRNZ LISP lanuuage. “lhe system also lmcludes a set of
mathematical subroutines that are programmed in the C
Language.

Input to the system i6 by selectlrlg frcwn a list of c~rlditlans
that can speci fy the erwlranment, and this environment
determines lf a particular result occurs. But the occurrence
is actually Just be another environmental candit ion and may
●lso servm as one of tne conditions For some other rule. This
means that Camdltlons and results a-e part of a single set.
Smal 1 differences in the way different i-searchers Wcluld
express the environment can be quite important and the use cIf a
menu tor the speeificatian af the e,,vlronrnent avclids trre
proliferation of almost equivalent ccmdltlans that UCI ncit qult~

match. If a new rule requires a Corlditian that 15 not
availabie an the menu, t))e neM condltlon l= added to the rnenlui
but only after an effctrt 1s made tcr use the exl~st lrlg menu. ‘the
use of a menu alse hel ps remind the re6ea~.chers of conditions
that mignt atnerwise be cwerlc!oked.

In operatlcm the system provides a menu and the user seJ,ects
the desired envlranrnental condition~+. ‘l”hesystem therl US=S its
rule set and these candltlorns to aeterrnlrne all mther
@nvlr-onrnental ~-orndltlorts wnlch would be wxpectecl to ocl:ur as a
result at the specl~]ed cmndit Ions. Ihe most krnprlrtant
Condltians are autput along with an invitation tc, questic,n the
system about the re6ult6. The 6ysterfl can relate such th],ngs a%
the ruleleadiny to a particular re5ult7 and with repeated
nuestlorls the full details about how the t’Hsult came tU ~~.}

Peported can bra explored. It i6 alsa pmssit)le to as~ why smme
pdrtlcular result daes not occur and be q? ven th~lse ~-~ndit inns

that would have to wxlst tor that result to be val,~(l.

lt 1s ?,rllp~,r.tantto d15tlnguieh here betweerl C13FIC1U51CII-15about

ccmdltic,ns and the Complete s-t of results avai lahlc+ t)-~lfflthe
system. F} mathematical m~del? which 1s discussed belmwl is
available t~lr pravldlng numerical values Clt rflet~c~rcllogical
candlt lmns at genera 1 locations. “1hese values I11u !-i t be
rmquemted tram the system when thmy al-e d@SltY3d.

‘l”her= l% a smcond set cIf rules that are cIrIlytent;atlv~. ‘11-11%
●et can be either Included Or e~cludr+d bJhr#rl the SYE,tHrfi1s
operated. ‘Ihr’?rules in this cateqm’y may have ,;lvet’lapplt’lq Llk.

cantl Ictlnq c’ormlualonm. Doing comparative t’ut’1%ot the %Ygt&rtl
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with different suo5ets of tentative rules permits the
researchers to test their abservat jams against the rules and
either verltyf exterld, or refute the rules.

after a tentative rule is refuted by the use of observatlcw,al
data, the person who prcwlded the rule has the apperturlity tc,
further specify the Cm’laltlons under wh ich it applies. This
serves to resolve di’;putas and to focus the attention of the
person prnvldlng the rule on pOs51bLe Shortcomings of the
rule.

!3. MGllHEMMIICS l-mJlll“Ht kXPtRr SYSTEM

lrl meteorology one uses a combination c1f mathemat lcs and
abservat ions. “I_he5cientlsts make Observatlcms tnat are bmt h
quantitative and qualztatlve, and these lead to concluslans
that can be e~pre~sed in words. in this sense the rules the
metecir-ologlst puts forth are riot SD different than the rule5
t’~und in any other expert Systehl. l’he difference comes in trle
application of the rule%. “(tie qualitative rllle that 5munds
simple may result in greatly altered situations that cannot De
5tated lrl a reasonable number of wcirds.

This can be better’ understood with an example such as the
rule ,,~f the surface is cnver’ed with traesr the drag
coefficient will be large. “ ‘1ne wind field at the surface is
@etermlned by the relatlve values of the drag caefficlent and
other pnysical parameters. M change in the cirag coefficient
can change the 6peed and the dlrecticin ~f the wins, whjct)
changes coal ing rate~s awd 5G CIrIdmun through several mther sets
OF parameters.

in clealing with 3 s]tuatian such as ttrls trte expert system
builder’ faces a dllerflma because hl~ craft 1s based an the
as~umpti~,n tttat experts have the ability to salve proble,lls
wlthaut start lng frml tlr-st prlrlclples. Yet the need ~,~,

describe the repe~cussictrls a~ smmething 1 ike the example above
seem lrllDc,ssible t:, exp~’ess w’lthnut rqolrlq ta the aauatians ~hat
relate drag and rt,etec,roloqlcal c,nservables.

In spite of thi% CI1lemma, there 15 a halfway ground that the

experts use tc1 av,::,ld t)avlng to solve partial aif:ferer-ttial
eul~atl~n6 in their heads. the nlete~,ralnglst kn~tws t~~at th~r~

is a set of equatlon9 which, If properly appl~ed, cctrrtain the:
%olutlon to a prnblerl~ of this 9clrt. Hcwever, the equat ions,
require rather precise t.]ctundary condit inns, a supercomputer t,:,
m 1*/e, and even after the %olutimn is found it is not pd5sibl~-!

to di~cerfi what the I’esult ,2f altering some particular-
parameter wcluld bm. l’hat,result can only be determined IJy
alterlng the parameter and rlumerlcal ly SOlvlrlg the equaticns
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●gain. The expert avoids this d 11emma by using a 5et ~1=

empirical mathemat lcal reiat ions that give reasonable
●pp~oximations to the! full S=t of dynamical equations.

This same approach is being used to bui ld the expert system.
M number of equations are used to approximate intsract ions
alnong parameters. Examples of this might be the wind d~wn the
slopes and the wind dawn the axis of a valley. of caur5e tnere
is some interaction of these two winds, but so far it has been
possible to use an equation that simply espre5ses t,hat the sum
of the winds down the slape make up the wirld down the val Icy.
Moreover, an algebraic ( quatlorn involvlng two parameters is
assumed for the profile of the wind velc,clty a= a fluwctlc,n ,>f
altitude. This gives a tremendous comprrasslorl of lvlfa~-matIan

because wltn the values of two parameters the velcclty at every
polmt on the profile can be 5pecitled. “[n= system car, therl De
queried about the velocity at any altitude, and it WL1.L pravlde
It.

Generally, the relatlons used have represent ed some
phenomena, not Just parameters. l-he exampie in the prevlou5
paragraph illustrated hew a mathematical appraximatlurl can be
used to speci fy the phenomena of the w!,ncl tleld. In the 5arlle
way rathe~” d j,rect equations m- remodels ut ph@~CIM@t’la like
turD~llent mi~lng, radiative cooling, cIr effect% cf gruund cover
are neecled T,transform the words used by the experts irlta
quantitarlve relationships.

Most of the equations represented in the Imade1s were known
before the present pra~ert started. l“hay had either been used
by eMoerirflerlters as equat~or,% Far fitting thexr data ur derived
through the use of simnl’.fying a5sumpt ic,ns. ‘me greatest
effort was in gettinq the different equations r-elated t13 each
other. l-nis 15 a continuing effort because new urlderstanding
by the researchers afterl involves interact luns between the
m~deis.

Having once formed such a r“rarmawork as a basis tc,r the ex~ert
ey6temq lt IS always possible to add new terms to the equat ~cirI%
In the models. Such equations may represerlt ldwallzatlur15 at
the actual sltuatlon, clr speei fy what changes in tht? r~~a1
situation are brought about by particular cunultlorls. “Irteta514
of the expert system 1= to couple these charlge!+ lnt~r Lhe
overall situation thraUgh all the relat ions trlat lrlvUlve trle
●iterad parameters. Ehanglrhg one equation has a rl~~ple effect
on many other equations. in the same way that ‘t is rlecessar’y
to cycle through a 6et of if-then statements I,IrI? I. 1 the}’e ?.L:a
pass when no additlanal statements are satlsfiecl, It 1s
necessary to cycle through the equations several tlnle’s fur all
interactlorls+ to come to equll ibrium. SC! tar, no pf-UbleM!4 wi{;ll
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harlgups due to cIscll latlmns In tne equat Ions have ocrur’reds but
sucrI hangups could occur.

Ht tills 00?.nt It might be best to restate why the expert

system is beknq built when it sounds as though one can rum a
mathematical madel tnat ci.lculates the value of all tne

observable quantities throughout the r’eglon of irkere%t. The

basic equations are known f~ r.. th~ model, but how same

quantities should be expressed and the scale of events wh 1ch

are Important are not known. Tne researchers have to examirle

individual phenanena to learn how the irtaividual events are

important in the averal 1 situation. The abillty of the expert
system to deal with large numbers of relations, ta cope with
lncamolete int’ormation, and tm 5et-ve as a collecting point far
relatlans make it a vaiuable addltlon to the research program.

The mathematical models convert words lrfto tlelds of numbers,
but there 1s a multltude of motels that cculd be used for this
convers ion. it requires an expert to select the nroper mode 1,
to provide the needed defauit parameter-5 for mlsslng
lrlrco’mation, and ta appreciate hc,w valld the mmdel results will
oe in a particular situation. In the present application, the
ex~ert system 1s being used to cornblrle tne aevelaplrlg eMperti5e
of exDer’ts in several meteormioqlcal specialties.

“!ne expert system 1s being ~Unst~-ucted as one way of trying
tc1 Unaevstarrd why par’tlcular metemr’olmglcal events accur a~p

wel 1 as what events clccur, ‘Ihls makes tne qu=ry 5ystem of more
than usual lmportame and reaulres a dlstimctic.n between what
nappens and why It happens. It 1s after! necessary to include
what might be called a “because” lrl the if-then 5tatement. lh e
Decause gives a physical explarnatlon of the basis of tne PU1=.
For example, there might be a rule, “If there is a strong
ambient wind at levels above the valley, and if this wind is
not In the direction of the valley fluw~ then the wind dcwm the
valley walls will be rleyllgible because at turbulent coupling
or mcunentum. “ Ihe oecause clauses have no effect on the systehl
mperatlc,n but are lnlpartaint Ir! trre r-P%e~PCh made. They label
the emplrlcal rule with the ptlyskcal CIMW:IS pt that underlles the
rule.

!he oecause statements c-an pm~e a CIlrtlcI.Ilty even thc,ugh the
rule ltst?ir 1s generally accepted berause the r-e6earrhers may
a~rrer a~; to why the rl,~le 1s valid. l..rneCIf the researchers
w1l L normally bn able to u9e reasunlnq and data tm demonstrate
‘tne super~c,rity of hls term c,t tile bec&,II.Ise:Jtatement, but until
ne nciw% there 1s no harm lrl ].rlc,ludlnq more tharl ~rle posslbl lity
in the because, it mlqht say, “. .. Ix?ua(}se of turbulent
Cuupllrng at momentumq or b=causu of ~er’rw~ull L eft’ects. “ This
leaves the questlan aper, untli sorm?mne rlr!ds an acceptable
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solutlon to the alsagreement.

In Other Cases a rule may be tound usefu19 but there may be
no Hrmwn Cannectlon between the parameters Involved in the if
clause and ttre tnen clause. The reason v’111 usual ly turn out
to be some tnlrd fact or that relates the if and the tnen
clauses. Until this trappens? the because statement can state
that the ccomectlon 1s not understood. Such a statement
presents an open r“ lenge ta the researchers and can be
expected to be Y ?d before much time passes.

MS is often tne case! t~lis system 1s turning out ta be quite
different than orig~nally conceived. The most interesting and
important aspect af tnls has been the need to lntrc,dure a
Inathemdt lcai moael into the system. Meteorologists seem tn be
abie to converse about the topics being put into tne ex pert
system with almost no mathematics. The difference 1= that each

of the people in the eorwersation already has a mel~tal image of
the phenomenon in’~oivmd.

The Corlversatzans usually di scuss the effects of rnar~ges in
one or twa parameters, and this keeps the picture simple enmuyfl
tar everyone to keep their mental image updated. The expert
system does not limit itself to one or twcl parameters: and tilus
lt may not be possinle tar the user ta understand hmw the

expert system result comes about. The use of the mathemat lcal
model helps Dy allowlng numerical and grapnical information to
be presented. Ihe graphical inf~rmation is esperiaily helpful

tO the user i rl transforming his mental image into the system
result and vise versal and that is important in ac’hievlng
system credibility.

“~”nestudy of dawn-valley winds is still in progr-ess and wcmk

on the expert systelll w1lL mrntinue until after the research is
complete. Mt that time the expert sy6tem will have abstracted
most of the proJert resulrs. It will have also served the

usefui purposes cIf helping the researchers formallze their

Qbservatlonal results imta definite rules and of imprclving

crass Commurllcatian= uet W=en different research specialties.

It is alsO slghlflcaht that the systmm will provide a mechanism
to preserve the eHmarti8e that has been developed in a m~r-e

complete and usable t~rm than tha usua 1 pr’oJect repart. It
will also prevent lass of the expertise as the researchers
dt’l~t lntd new anc different research EUbJe~tS.
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