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l. lnlroduction

Thc goals of ottr rcsca¡ch inclutlc:

dcvckìptncnt ot ¿t systc- lor ans*c'ing protcssional an<l public cnquirics about window

problcm
a. acqllisition sratcg¡cs'

b. cx¡rcrt knowlcdgc'

.. rcprcscnrations fcr buil<ling cnvclopc

diagnosis'

d. tlcvclopriìcnt o[ a knowlcdgc basc lrom thc acquisition piasc'

c. tlcvclopmcnt of rrscr intcrlaccs lo support acccss to thc KBS'

2. clc¡loymcnr or ttc svsrc'J' ai;;;i;;;;;;;';tup¡rlå rh" -s*"ring or qucrics and gctting

fecdhack from thosc ansu'crs

¡. 
"unìu^tnn 

of systcm pcrformancc in this ficld dcploymcnt'

Tlre work nfcscntcd covcrs úc fif st goal. A rlcscription-o-f thc system, lhe prrrcss o[ dcvcloping thc

rt.ì.t, 
^"i."*l"sions 

drawn from this dcvelopn cnt follow'

Conl.rl It dl.9¡.t1.

l.r.nl
¡r.lù.llnt l.t¡ SrtIrlOE

tor.lùr. l?P.ù. on .r

c""l! ,-! tr.,i ,r",r'rt rl'. rt'ilri- "r'r?
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2. $¡¡slem DescriPtion

2.1 Usinq WINDEKS--Ìvhat it Looks Like

This ng

information a

expcrience in 2

problem with and hnvc

thc KBS hclp in answering the qrcrY.

[or

idcnti cs'

Alrho I,
consu
and is onc of the firsl scrc¡ns lhc uscr sccs.

Fig. l. lnitial window diagnostic scrccn prompting for gcncral symptoms'

lowcr Prcssttrc lhrtt

¡. lcd glass trnit sPittc

or ¡lcctctl glrtss

rlc o[ nir voltlntc

-



3sB

bctwccn ble causcs are manufåcture at low prcssurcs or a

nanow i st¡ll contribÙlc to the differcnce in prcssure' Útc

probabit on on thc outsidc of thc pane during very hot'

humid d Poscd to cooling'

unit' with inclusion of a clause in thc

the asscmbly plânt to lhc construction sitc'

der air gap (As the uscr did not s¡recify

Úran was allowcd by lhe known facts)' In a

film) would have been Presented'

During this consullztion, lhe uscr could query thc systcm for cxplanations about tlrc phenomcnon

(as hc rlitl with lhc dishing), o' 
"t'k 

h;;;;i'";ìt rí" tnnálu'¡on or how it might arivc at a dilfcrcnt

conclusion. ln thc latlcl two cas;;";;;;t t"tt-ntlcd wit-h thc rrl¿¡ uscd during thc dcductivc

proccss.

Fig.2 Craphic tncnu prontpt asking for contlcnsation ptltcm on win(low'

3. Ituilding IY|NDEKS

3 t lhc-BB¡cS!!

Brrilding thc systcm comprisctl rhrcc stagcs o[ t]rc six rypically found in KBS dcvclopmcnt:

acqrriringknowlulgcindlctkrtn¡in' lhisinchltlcsfan¡iliarizationwirhÚlclitcrnttlrcantl 
wilh

;;;:;ì;;;î ;;;'". bn" ot r¡" l"ntlins cxpcrts in rliagnosing moisrÙrc rclâtc{t wintlow problcms

rcsklcs at lRC.

ri_66___l

Tffir_.l

IUENU A.M€trUI
;v.ru.rlna r.t¡ 9YIÍOm

.".ru.r1.. l¡.t CAUSE!
qtuproú occung o{ 

^tL 
fi{æwgt

tocltloN oI rF¡MEt

loc.ilôñ l. o. !l.tlñt

Í
tô cônd.¡r.loñ-

(. tYPEl..ñd..rdloñ
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' i,*i",:'il;,*:ï$iJiì'lï'"Jli:l#ili *",
n medical diagnosis hás proucd thc viahility of rulc-btsctl

sYslcms'

3. devcloPing thc knowlcdgc basc'
¡ m USCI.

i. tnqss of borh dtc knowlcdgc ba'sc antl thc usc¡ intcrfæc'

6. tthc knowlcdgc basc'

wlNDEKSiscurcntlyalstasc[oÙf.Limitcdl.ieldtcsrs(87cascs)withthccuncntknowlcrlgc
base provided satirr*rory "rprr*ìtn?, 

g5% or,¡,".ondcnsalion fclãtcd pmblcms. r\ thorough licltl

tcsl. is planncd.

3.2 KnowlcdceÂcquisition

Muchwolkinrhcartifici¿lintclligcnccrcscarchcommrrnilyhashccntlircctcdtowil(Lsrcquifinß
tno*lcdge so as ro undcrstand thc pfoccss o[ an crpcft's pfoblcm solving apprmch. I wo apProacncs

wcrc uscd: ob¡¿¡votio¡al and intuitive'

prot<rol analYsis) comPrisc

crn. It is tln¡c¡listic lo crPccl

lffi mosl of lhc nrlcs trscd in thc

systc sition)' was uscd lo "walk

through" problcm solving scenarios'

lnrrospcclion hy thc crpcrt on his îclims tlnring prohlcm solvin¡¡ [trrlns thc hitsis for-inltrilivc

mclhûls. This is limitcrl by rtrc cr¡rcrr's own ¡rcrccprkrn of how hc solvcs ¡rrohlcnts' hccausc his-

i."l*i".ig"i. ;;.n.plt"¿,, (i) o, ¡n iiorm rhar cannår bc formally cxprcssctl. our fisl cxpcrt rcliul on

problcm sccnarios 
"nd 

p"*r 
""¡r.i"ìr"l'as 

guidcs to rhc knowlcdlc hc was provitling. 1b a largc crlcnt, hc

distillcd thc tnowlctlgc as rulcs.

hc

inn

:':'
comparisons chtdcd tts.

AUtomâtcdknowlcrtgeacquisitionwastriedonasmallsca'lc.ThcParticipantConstfuctsystcm
(2) rlcuclopcri from Shaw's (3) frcnlnal constrtrcl thæry provctt lo bc nxrrc uscftrl for dcvclo¡ring n

wintlowchrnscrandprirrtizingcritcriarathcrthandcvcloprncntotrliagnosticsyslcnìs.-sysletns.hasctlrlt
pcrsonal construct rr,"ot"a tnr"" ui:pni"r,i".isinr making antl do not srrpport thc tyJc of rcclassificrtirrn

of thc problcm næcssâry for cfficicnt rule base dcvclopmcnt'

3.3 KrcylCdgq-Bç[fc.scltÂ!9!

Thc ty¡r ot knowlcdgc rcprcscnlation is dcpcn(lcnt on thc nattrrc ând structtlrc of thc (lornain 
^

g"n"r.t ,li^gnãrii. syrcm for-buil<iing "nr"top"prnüt..s 
woulcl comprisc a hybrid approach utilizirrg

framcs or objccrs to consrrucr hicra¡cf,ical motlcis whcrc suh-domain com|Ïìncnls lrc rc¡rrcscntctl ttsin¡

rulcs.

ln choosing a knowledgc rcPrcscntalion' a problcm solving stratcgy is hy¡lthcsizc<l.in.which thc

tlomain knowlc.6g" i, ,.pr"."nr"j in a form bcst suiictl lo thc problcm' 'l hc sirnplcst typc of K llS arc



3.4 DelLtl.llE[SI(DS-S¡e!!
d

ln WINDEKS inc a solution for a sivcn win<tow problcm' 'l he shcll

was intendcd primarily conscqucnrly rhc sistcm's opcration is dividcd into thrcc

main tasks. Rclìccting fc'"ncc tcchanist attcmPts to satisfy thrcc Soals:
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nrlc-bascd systcms. In thcsc systcms' likc WINDEKS' domain.knowlcdgc is rcprcscntcd as a collcction

ot tF-TltEN rules. The poblem soi""¡ ctta¡ns tttcsc rulcs until a goal is rcached'

s)

incorrn Ïlä:i*"
editing
knowledge base.

l.- find lhc sYmptom

2.- find ùe cause

3.- fìnd a solution

ccr using a

mcnørY knowlcrlgc
tJTlNDEKS alkrws

' Thc infcrcnce cnginc can travcrsc a

than a na¡tially compilcd basc' but unlikc

nal. Rrin timc units consist of complclcly

compilcd knowlcdgc bascs'

In arltlition to rhe , \VINDEKS has a capacity to be fetrosfrcctivc

akrut a ttiagnosis. Thc sy hc reasoning path followed by allowitq l:-::".to
inquilcakrutlrolr'ccrÙtinsl(.nlis[ls(ì¡lhlcttrtrplnin\lllilfc(lüircs(.r.ftillr
information. showing thc

I:ig 3 Slrttctrrrc of WINDIIKS with
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3.5 Thc Knowlcdqc B¿se

3.5.1 Developing tñe Knowledge Base

Intomal techniques wcre used to develop the knowlcdgcbz*,. Reclassificalion o[ thc ;roblem
into distinct packcts and obscryablcs lcd to thc crcation of four tniquc classes of moisturc rclalcd
problems. This is in cont¡ast to formal aùtomeled æchniques of developing classification trces (4). ln
retrospecl, the classificetion tree technique would have bæn more useful for developing specific

diagnosüc rules. Most commercially available knowledge based shells su¡port this type of classification
( s).

3.5.2 Rules

Knowlcdgc about windows in IVINDEKS is rcprcscntcrl as a collcction of pro(hrclion ntlcs. F(rr

moisture rclatcd problcms, lhcrc arc I 72 rulcs in I I condensat-ion and moisturc calcgorics. 'llc synlax for

thc production rulcs was relatively srraightforward:

RIJLE <rule-identifier>
lF <clausc¡ >,<clausc2>..<clausc¡>

I'l IEN <clausc | >,<clattsc2>..<clausc¡>

Â rulc can be considcrcd by thc systcm if all thc IF clauscs arc satisficd an<J at lc¡st onc 1l lf:N
clause is lcfl unsat¡sficd. Clauscs can havc several diffcrcnt foms.

l -- <Condcnsation Occu¡s on lnsidc of lnncr Pancs>

2.- <Window Unìl ls (Glozin B-'l'yper>
3.- <@ CONDENSATION-P^TTERN-Þ
4.- <@ @@ (QUOTE RHÐ (QUOTE SEr) 30.0>

Thc first ty¡r of clausc is simplc fact. For this claurc lo bc |tuc drc fitct tntlst hc known. IÌc
sccond ty¡æ o[clausc has a variable (cg. Glazing-7'ype). For this clausc to bc truc ùc variablc G/azir3-

lype must be bound.lt Glazing-Type is ættoTriple-Glozcd thcn the clausc is lruc and assumcs the valuc

Window IJnit Is Triple-Glozed. Ttre tìird clausc is an example of a clause that cxcculcs a function. Thc

'(ô' rharactcr nt thc hcginning of thc clausc intlicntcs crccutnblc LlsP cnlc. ln this cirsc \\'lNt)FKS s ill
(\crtìtc:rfunitir.n(:rllcrl('(ìNlìl:N\.\ll(ìNltl-It:NNl'lhc'l"curlit.qirltrrtitrcs.lltrrr(trrrì1h.ìtrst\'
l\('rcrutc{l(\nl\trxc l'lrr'frrrrthcl$rr:r'crrrulcs$ltrililìor\¡'\:'lhrtþrrtJslhrr¡ttrrl'lrRll¡unJ.rr
rclntirc hunrirlity) to -ì0.0.

J.5.3 Rulc Modulcs

Thcorctically, thc knowlcdgc barc in a rulc bascd syslcm is an amorphous collæt¡on of
prrxtuction rulcs. Âs thc numbcr of nrlcs grows bcyond 30, thc rulc basc bccomcs incrcasingly (l¡fficttlt to

undcrstantl and maintain- lt provcd urcful to im¡msc a nìüfulc stnrclrrrc on lhc rulc l)f,sc to strpfx)rt

ru¡xlating antl cditing.

3.6 Devcloning tfic lntcrfacc

Thc gatcwây inlo th¡s systcm is through úrc uscr intcrfacc. With most Lisp workslâtir)ns, hißh

rcsolution monochromatic graphics are wcll supfrlrtcd and can bc casily acccswl through lisp ftlnclions

Chrnsing itcms from mcnus c graphic mcnus obvialcs thc nccd for any kcyboard ¡ntcraction. Wilh
incrcasing systcm familiarity, this bccomcs too slow ân(l a sccond lcvcl shoukl hc supportctl for trtking

shorl.culs.

ase
udle

Bas

Ful. WBGrt!

lF Þd.ñhlc¡6o b
åbñnl lâil@ âd

wffiw h æl dry
o¡ùsY âhd sYdì9lm

fIIEN
erÁo ts ãboùnl

<-wRGfra

I
a
a

why

explain

lnlerence Engine

{rowrtd Ch¡lñ
Itembda lrulost

(DO lttul€s lo_|ry tules (teel rulas_lo_1ry)l

{P¡qr6s medo ñll)l
(lnu[ rules þ lrT)

User lnlertace

rclatkrnshiPs.

infcrcncc cnginc, knowlcrlgc basc, anrl intcrfacc

n
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4. Conclusions
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