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Abstract: WebGrid is a knowledge acquisition and inference server on the World Wide Web 
that uses an extended repertory grid system for knowledge acquisition, inductive inference for 
knowledge modeling, and an integrated knowledge-based system shell for inference. This 
demonstration shows WebGrid modeling a standard dataset for the NASA autolander problem 
which illustrates the system's capability for open-class reasoning with incompletely specified 
cases. 

1 Introduction 
A description of WebGrid, associated applications and example applications, can be found in our 
associated paper (Gaines and Shaw, 1996). WebGrid is a port of our KSSO/RepGrid knowledge 
acquisition tools to operate as a server on the World Wide Web, allowing a web client on any 
platform world-wide to be used for knowledge modeling and inference. The system is interesting 
for a number of reasons: 
• It provides widely available access to knowledge-based system development tools 
• It is open in its architecture and designed to support integration with other systems 
• The repertory grid technology is extended to support data types other than rating scales, such 

as categorical data, integers, floats and dates 
• The inductive modeling methodology can generate rules, rules with exceptions, factored 

rules with exceptions (EDAG's) and ripple-down rules 
• The performance engine is integrated so that test cases may be checked and, if appropriate, 

corrected and posted into the dataset to change the model 
• The acquisition, modeling and inference tools are designed to reason correctly with open data 

having don't care or unknown values 
This articles demonstrates some of these features using a dataset that has been widely analyzed 
in the literature. 

2 The NASA Autolander Problem 
Michie (1989) has used as an example of the successful application of machine learning, the 
development of a program developed to advise the pilot of a space shuttle about the advisability 
of using its autolander system. He reports that an attempt to develop an algorithm through 
conventional programming failed after several months of effort, but the use of an inductive 
modeling package produced a solution very rapidly. 
Figure 1 shows the dataset used for induction. It comprises 16 cases characterized by 4 binary 
attributes and 2 4-valued attributes, leading to a binary decision. The 16 cases are interesting 
because they involve large numbers of "don't care" values such that they cover all 256 possible 
situations. Michie notes that the first 15 cases were elicited in the first knowledge acquisition 
phase, and the 16th case was added specifically to give such full coverage. 
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Case auto vis stab errors mag wind sign 

1 use no - - - . -
2 not yes no - - . -
3 not yes yes Ix - . -
4 not yes yes xi - . -
5 not yes - - out . -
6 use yes yes ss light . -
7 use yes yes ss med . -
8 use yes yes ss strong . -
9 not yes yes mm - tail negative 

10 use yes yes mm light head positive 
11 use yes yes mm med head positive 
12 use yes yes mm light tail positive 
13 use yes yes mm med tail positive 
14 not yes yes mm strong head positive 
15 use yes yes mm strong tail positive 
16 not yes yes mm - head negative 

Figure 1 NASA autolander dataset (Michie, 1989) 
Induction of a minimal decision tree leads to a tree with 15 root nodes, and induction of rules 
leads to 13 rules with 38 clauses. When Induct is run on this dataset in KSSn it models it with the 
EDAG shown in Figure 2 which captures the essential algorithm to use the autolander unless the 
visibility is yes and one of a number of exception conditions hold. 

->class= use auto 

errors= mm errors= lx 

sign= negative 

->class= not auto 

Figure 2 EDAG produced by Induct from NASA autolander dataset 
A rational reconstruction of this dataset has been used to exemplify the operation of WebGrid. 

3 Eliciting the Autolander Data in WebGrid 
Figure 3 shows the initial screen of WebGrid. The HTML form requests the usual data required 
to initiate grid elicitation: user name; domain and context; terms for elements and constructs; 
default rating scale; data types allowed; and a list of initial elements. It also allows the 
subsequent screens to be customized with an HTML specification of background and text colors, 
ruler line, and a header and trailer (not shown). The capability to include links to multimedia web 
data is also used to allow annotation, text and pictures, to be attached to elements. 
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C1 - no visibility 
C2 - il'IStability 
C3 - large errors 
C4 - very large errors 
CS - turbulence out of range 
C6 - small errors, light turbulence 

Figure 3 WebGrid initial screen 
The knowledge engineer has entered the data noted and the names of 6 initial stereotypical cases 
and clicks on "Done". WebGrid generates the triadic elicitation screen shown in Figure 4 which 
asks the expert in what way one case differs from the other two. The obvious answer in this case 
is that one should use the autolander in case 1 but not use it in cases 2 and 4. The expert clicks on 
the radio button for the case which is different, enters its attribute and the contrasting one for the 
other two cases, and clicks on "Done". 
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<lW~bGrid. Triad Elici£atioo • 

Th:iI'lk oftb! follovmg three conditions in tbs contex.t of to determine when to ue the 
. sh.'ldtle autolaruler. In "'flhatvay are nro of them alike and different from the thmi? Select 
the.·.one "'flhich:is different. • 

0 C2 -:instability 

0 C4- '1tl)' large em,11 

• ®· Cl- no 'iUihility 

. Enter aiennchan.ctemingthe vayin which.tlae seleeted one is mlferent 
i••I~.! .. !1:1:t?~11:~!: . 

• ·.:_:/:::::-:::>:·· :_ .. ,::,,, ·: .. ··,a.::-:.. '.: •. • : .. _:_·;_: ::·. ·: .; 
··Entel'llter.m. c:Juua.ctemingthe.~Ul whichth.e Qth.ertwo are alike 
;j~on.~ ... lJ5.e

0 
e.ut?~.e.~E?l:" ··•·······.· •• 

:~~youJiawfinishedclidton{ C8l1Cel )( Done ] 

ii 

____________ __,__,....,....,.."""""".~@~~f,~Kt;)"=:'i.'.frt·:.:X:fi-.:.?~~;:::¼,%~;:,::i:,<=.;.-:0':*:i:¼.:!:'?t~-<:~:.:"""°·'· ---111 

CJickon a•hutt~ntt, ~tleetthe't)lpe of .constnu:tfnmth.e options below 

/(!) &.nai~ ~JR-f ~., 15 • ;·· •• 

0 ... -----------------------r= 

Figure 4 Construct elicitation from a triad 
Note some features of the screen of figure 4. The horizontal rules and background color have 
been customized as specified at the bottom of Figure 4. More significantly, there are options at 
the bottom of the screen to enter categorical data, name the attribute, give it a weight in 
clustering, a priority in data requests, and to specify whether it is an input to inductive modeling 
or an output to be predicted. WebGrid has generated these options because the knowledge 
engineer selected the radio button "+Categories" in the initial screen of Figure 3. 
If the default of "Ratings" had been left selected then none of the options would have appeared 
and WebGrid would act as a simple repertory grid tool. Knowledge elicitation can be 
commenced in this simple mode and changed to offer more data types at any time. This enables 
the elicitation process to be kept as simple as possible and more features to be added through a 
graceful upgrade as the expert gains confidence in the use of the tool. 
When the expert clicks on "Done" WebGrid generates the screen of Figure 5 which allows all the 
elements to be rated on the new construct. Note that the name of the construct, the extreme 
values, the rating scale, and so on, can all be changed. The system is highly non-modal, enabling 
errors to be corrected and improvements made at any time. 
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'Netscape: WebGrid Element Ratio 

Web Grid Eleme.0£ R.axi.og 

Now rate• ea.ch of tlle ·co:nditio:u on t1le att:dbute 

I use . autolander 

I ? IC3 - lalge er.roIS ~----------====t ! ? I CS - turbulence out of range ~----------====t I ? I 06 - small er.roIS ,.light turbulence ~----------====t 
:=! -l=us=e=a=:u=ro=land-e=r-----===l'I Cl - no visibility 
:=! -5=d=on='=t us-e=au=ro=land-=er----~I 02 -instability 
I 5 don't use au10lander I 04 - vezy lalge enoIS 
I ~Oil. t .use autola~er 

~n)I011hawfmishedclu:kon[ Cancel J [ Show Sorted J( Done ] 
'/',_::,:;:_:· ,··,·::: .. : .<, ·< ::,.,:-.. ·::· : ·, ' -:.- :··_: .. _._ ... '. ' ' • ,· '.. ··:· .• ·' ., "'""'""""""' .... rn 

•.-··,,·.: .. :· ·, '.•-·.:-

Batmgscals from 1 to Is . ue a'Ulolander--d.on't ue autoland.er 

Name 

Figure 5 Rating elements on a construct 
Elements are rated by using popup menus as shown in Figure 6. The menu provides a natural 
rating scale replacing the special rating widgets developed for KSSO/RepGrid. 

>~i:ts~ipe:.•••1Jfeb6rid\Elel'l'ljnt: Ratill 

•' 

.. • Now nte ea.choft11e conditions on the attn.1,ute 

I use a utolander 
I 5 don't use au10lander I C3 laige.er.roIS ~----------====t 
::=I -5=d=on='=t us-e=au=tt:J=land-=er---====l'I 9s -turbulence out of ~e 

06 - small er.rors, light turoulence 
c 1 no. vi!ioility 
02 - illstaoility 

4 04 - vezylalge enoIS 

5 don't use autolander 

Figure 6 Popup menus used for rating scale entry 
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The expert can rate an element or leave it as a"?" which is taken as a "don't care" value in later 
modeling. When the rating is complete he clicks on "Done" and WebGrid generates the main 
status screen shown in Figure 7 which shows the elements and constructs, allowing them to be 
selected if required, and offers various context-dependent options. 

WebGrid Elicit:at:ion 

You are cons:idertng 6 conditions 8lld l attribute inthe context ofto detennine when to 111e 
tilf) •hld.tle aut~er[ Continue ] 

--------1111111111111111.....;;;;;;;;;;;;;;;;;;;;;;;;;;,......,_~m~'¾W~~i:::::::::e:::t<mm<w,:,,\:::::,'.i:-:::;;,:;w· •• ,. ··.:,:,:,-; ., ·····w~:.i,e::.,:;;;,,;:,:t,:::.w.i:;;~a~i:l:~=---tl 

•• conditionscCt-#r,~en:on anclCS .-turhwence out of nnge are ve1ysimilar -
c~!:~~<u f°ll "9lant,~'.en1B,r,~therattribute .• tti disting~h them.• [ Disting~h ] 

• ,.~¼s«~,'fffmf{:-'J.~ir,i:xrw;,::,-.r.:.'»:..'>:.."-<@~'::.«~~x1K.z>x/,,,:::.:t-,=--.;:,,f':~,."''''.;::;._:,.;;:::i·i:,~tw;.».,;;:t;.~x,,-;......, __ .,.il 

' >} ., .• > of,conditi.ons[ Pair l( Toad J 
~iclcondi1;iolls.·~1tuted, selecttbem·m·the· list belov8lld check this ·box D 

~~~$M~~t¼f'.¢.J#U~~r$.'..m."fk@~>;t-;&.~:'~:':':1«::;:t;.,:;;:::1;:..~i-~~~.f..~~~k"'-'. ·-- ...... -- ... , 

• ,;v;::;b.'tl .. ;;-a,liad··lmd.·•·•luJw:matche• DID 
C1 - no visibility 
C2 - instability 
C3 - large errors 
C4 - very large errors 
C5 - turb'lllence out of range 
C6 - small errors, light turb'lllence 

>( De·~~ )~@J~( ShovMa1Ches )( Edi1Notes) 
'W~W- . .,,,m!~:IJ!Kti«,Z$,,'.';lX=.~-:¥::.-;;:,;,.:;,;-,;:::;,.-,:~~•::~::t=:0:;::;>;,;,;;<~->;,.:.;.;...,._:;;;.:,.».<;."o/,'!..:~>M:~~"f!,d,·----m 

•. • \You CBltdehte; ea,,aaa athibutes' 

":;:.::™·-:;-:::;.,~.,½>FN~,,..,...e'~';(!:,}_>i\s,J c···/Y :.«,;,:,_· •• __ ,•··:>_ ·.:. -- ::::::: "½''f">;<'v';,.;":::¼.-.:J:~~----u 

Edit'thet~~( Edit l~i~ vsa~~nt ( Comment }Saw~pd{ Save ] 

Figure 7 Main status screen showing elements, constructs and options 

4 Entering Categorical Data in WebGrid 
To illustrate the entering of categorical data, consider the triadic elicitation screen of Figure 8. 
The expert has noted that case 5 differs from the other in that the turbulence is out of range 
whereas for case 6 it is light. He also realizes that medium and strong turbulence may be 
significant for other cases and decides to enter these as categories, clicking on the "Categories" 
radio button in the bottom part of the screen. He gives the category the name "turbulence". The 
primary use of such naming is disambiguation when more than one construct with rating or 
categorical data has similar names for its values. In the later knowledge modeling the values will 
be referenced as "turbulence = light" rather than just "light". 
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•• Web Grid Tr-Lad· EJ.icirario.n 

'Thmkof'.the folli:iwing three. conditions in the context of to determine when to use the 
,. ,ihuttle a11biliuuler?In :vhat ny·are tw of them ·alike and differentfrom :the. third? Select 
'tbe:one whichi:is .different; 0 • • • 

• . ·. '·-;'.:-:C • .:- .,::=-:., ·:-=-.-·. ·.: .. 

; :•O ;s~}~~~< ·••· 
·~,-< :."::::/·::.·:. 

•<,@i~I +turJJ'Ulencei«t ..t":range 

j;({x~~~-~:ei¥,~,~ ~urbwnce 
•'·". 

··• Jntef '-terJ!t.:c~eming the way in which the selected one is tliffennt 
I out of range 

:•:l~:~~ .. ~termc~emiiig~1ie·wa,~~~~~~···~her·nw•.·are·•a1ike •• : • 
:IH~~.~1:~ ,., .. ' ' ' ' ;···,, ,. ,., .......... , ,.,. ,. ,. 

•• . \lllienyouJaa:ve~hedclkkon( CSMel) ( Done ) 

'~J!?lf !u!:;-~;~<Omlrud fmm tbe.,&DIJ,olow 

strong 
medi'IJJl'l 

~• Oidend.181 

Figure 8 Entering a category 
The expert has the option to enter all the category values in the list box next to "Categories". If 
he does not, the values entered in response to the questions will be taken as extremal and the 
others as interpolated between them. Thus, in the example given, the ordering will be: "out of 
range", "strong", "medium", "light". Again the system is highly non-modal and more category 
values can be added later in the elicitation, or categories re-ordered, and WebGrid adjusts 
existing values so that no data re-entry is required. 
When the expert clicks on "Done" WebGrid generates the data entry screen shown in Figure 9 
where popup menus are again used to allow elements to be assigned value son constructs, but 
now from a list of categories rather than a rating scale. 
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Iii-
...... --··' .. • .. c:. ·~ ., ... ~.z• .. ,.,..... . .... . ....... .. ........ ..' 't"': ••. --: . . . . • .... . Y<' 

Web Grid Eleme.nr llari.ng 

Now rate eat:h of the conditions on the att:dbute 

~!!!!!?------=' Cl - no visibility 
C3 - very large errors 
C4 - large errors out of range 

strong C5 - turbulence out of range 
medium c2 - inst.ability 
Ii g ht C6 - small errors, light turbulence 1-......;:.;... _____ ........ 

Ca&gorie.s 

When you have finished click on ( Cancel ) ( Sh.ow Sorted ) ( Done ) 

out of range 
strong 
medium 

Name !turbulence Weight Priority @ In O Out 

Figure 9 Entering categorical data 
Figure 10 shows the upper part of the main status screen when all the cases from Figure 1 have 
been entered. Note the detailed feedback that WebGrid has generated suggesting the addition of 
further elements and constructs to break matches. As shown in Figure 7, this status screen also 
provides the capability of deleting, editing and adding more constructs and elements, annotating 
elements with multimedia notes that will be displayed in the elicitation process, analysis of the 
data, saving it, and so on. 
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WebGrid Elicitat:io.n 

. ·• . . . . 

· You axe considering. U conditions and 7 attrib.uies in the coniext of to determine when to use the 
,,huttJeautcila:rule~( Conunue. )•. • 

:;113 -~~;;;:@:,::-;~,oo:,;:~1.i::r.~~~~~;o:;i:..~"'.-:c,;;,~:::~;;.:;.::::c,?=•,..;,,.=:x..;-;;-,_~;=.=:::=,=:,"~'-'=<~::.=,-«i':vc=«-'.'i:~~.il-SS-m ...,,......., __ _ 

·••:~~:•.~·~~pe~d.·vaiue,sJ __ s __ p ...... ec_if_y_) 
~~=:::::,;~¥".'<!lS::$=1!:m::~(:1:'.;iX!*~~=~~:;::::fc;-:;:;,:;:»::'.;v;:"~:':;:;:c':::,c,c;,;:;>,;;;i:=::Hi:~;i:{i~tJc.;:H,~<?3:'l-":1~----

~ahle-.-11Ut~•b¥ and"\UihDity--no ability are.•verysimilar - click llereif you• 
:~~;~.~~~~.~ther~?~~nto ttistingmshthem( Distillguish ) 

""'!io-------------------- ................. _,,.,_,~~~~~AA:~~;.::_:~~:W.,~~~~:~);:::,,.;.~)~l<~:;.,(:::;:~i,::;;:;::::::;>:.~;~>:-;-:,;:''"''••····-~::;.:.,;;\:::l.;;,:•~:fiil-t:>4:»,)ix:-.;:,~~----

:t~}¢cilld4t:iClri., ¢1:zL ,rned' en,Jight tuh;tail, .pos and Cl5 .·~. m,d err, strong~ tail, pol are •• 
; ~~·~.igli~ar --.click:?lere if~~ vantto ~n~ranother attribute·to distillgmsh them { Distillguish ) • 

•• , ... ,,,,.- ... --... ., • ••• • •• •• - ••• •••• •• • •• •. • • ' • .: • • ••••••• • ¾'.'.~~P.?:'XP}''t'M;-'.:·•::=~,,,;,::,;w~--·~-r:i::vvy .. ,.-:::-:·~,:,,:·:·:··<···=·:·;,--;.-:.,-:-.-·-::x;<W'w.::::;;·;~;;;;.,.·-,;;;;;.-.;. ;;. ;;;;:;;;;;;;;;;;....., .. 

:::,~~~.:+·~:lll\tJt~r,atmi,ute::~~~•.ertmut ·of, corutition.( Pair J( ToM ) .. 
. i:.If'.:)'OU".~antspecifJC coxiditio:ns mcluded., select them in theJjstbelov and check this box. 0 

••• 'Yov.~ cJ.eldefetfit,· atld and shaw matthes a:mo 
Ct - no visibility 
C2 - instability 

. / , C3 - large errors 
• • ., • ·· , C4 - very large errors 

CS - turbulence out of range 
·. C6 - small errors, light turbulence 

C7 - small errors, medium turbulence 
CB - small errors, strong turbulence 
C9 - med err, tail, negative 
C10 - med err, light turb, head, pos 
C11 - med err, med turb, head, pos 
C12 - med err, light turb, tail, pos 
C13 - med err, med turb, tail, pos 
C14 - med err, strong turb, head, pos 
C15 - med err, strong turb, tail, pos 
C16 - med err, head, neg 

l1f~::ie ]~8~ ( ShovMa1Ches )( Edit Notes).· 

·-----

~~~;.;<-~Jff.r-;m.<:$:-:::t:.;).:z::4m-::3.'i.:~*==>'J,'"i«:::::::::::::«:::::x;;.:;,,:t~,..;..-~;:;i:;:~,::w--»;m3•,.,., . ....., __ _ 

••• Y~litan ddet~;"~, add a:rulshow matches amo 
'llSe autolander--don't use autolander 
no visibility--visibility 

.. stabJ.e--unstable 
errors 

>; turbulence 
., wind 

•:+ negative--positive 

/':( Dele~ )( Edit]( Add T( Shov Ma1Clles )( Edit Type ) • 

Figure 10 Main status screen when all the data from Figure 1 has been entered 
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6 Knowledge Modeling in WebGrid 
Figure 11 shows the output returned when the "FOCUS" button is used to sort the grid to bring 
similar elements and similar constructs together. The results of analysis are graphed, converted 
to GIF format and returned to the client where they can be examined and saved if required. Note 
that the grid itself is a mixture of rating and categorical data, and that the construct clusters show 
that the use of the autolander is associated with visibility, stability and small errors. 

Netscape: WebGrid FOCUS @I 

WebGrid FOCUS 

FOCUS NASA, Domain: auto lander use, User: NASA 
Context: to determine when to use the shuttle auto lander, 16 conditions, 7 a1tributes 100 90 80 70 60 50 

YiSibi/ity .......•..•...........•.......... no Yisibility 1 
unstdbl<> 

er-rCl's=xl 
don·t1.1Se ~tolan<kr' 

rur~'/eooe=ootof r-a1>9e 
ne<µtiYe 

vind=tail 

stdb'/e .................................... . 
l!f'"r-ors=ss . ......... , ... , ... , .. , ......... . 
use ~tolan<kr'... . ........... --
rur~'/eooe=li<;ht . ........................ . 

:::~:::::::::::::::::::::: :: : :: : . : :: 
100 90 80 70 60 50 

: ... C6 - small errors, light tu,·bulence .... , 
... C7 - small errors, m~dium turbuhmce. 
... cs- small errors~ strong turbulencl? .. / 

............. C 1 5 - med err J strong turb > tail, po:;: .. 
. . . . . . . . . C1:; - med err, med turb, tail, pos ... . 

. . . . . . . . . . . . . . . . . . . . . . C 1 2 - med err, light turb, tail, pos .... / 
: ................................. C 10 - med err, li9ht turb, head, p,,s ... V' 
................................. C11 - med err, med turb, head, pos ... f 

: ........................................... C 14 - med err, strong turb, head, pos 
................................ C16 - med err, head, neg .... . 

. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C9 - ml?d err> tail, negative ........... . 
·................. .. . .. . .. . . . . . . . .. . .. . . . . . . . .. . .. . .. . .... C4 - very large errors ................. "-. 

-... , . -..................................................... C3 - 1.arge errors ........................ 
. . .. . . . .. . . . . .. . .. . .. . .. . .. . .... C2 - instability .............. . 

. . C5 - turbulence out of r.,ng~ .......... . 
. . . . . . C 1 - nc, visibility 

[ Continue ] 

Figure 11 FOCUS clustering of NASA autolander data 
Figure 12 shows the output returned when the "PrinCom" button is used to provide a principal 
components analysis of the grid by rotating it in vector space to give maximum separation of 
elements in two dimensions. The results of analysis are graphed, converted to GIF format and 
returned to the client where they can be examined and saved if required. On the right of the 
graph it can be seen that the use of the autolander is counter-indicated when the wind is head, 
there is visibility, errors are large, turbulence is out of range, attitude is negative or the shuttle is 
unstable. 
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Netscape: WebGrid PrinCom • 

WebGrid PrinCom 

PrinCom, Domain : auto lander use, User : NASA 
Context: to determine when to use the shuttle auto lander, 1 6 conditions, 7 attributes 

C 1 5 - m,;,d err, stror,g turb, tail, pos \ 
Cl 3 - med err, med turb, tail, pos, 

Cl 2 - med err, light turb, tail, pos X :K x 
no YiS:ibilii!f 

C 1 - no visibility x 

C 1 0 - med e-rr, light turb, head, pos f 
C 11 - med e-rr, med turb, head, pos 

C8 - sm .. n errors, strong turbulence 

XC16 - med e-rr, head_, neg 

X C 1 4 - med err, strong turb , head, pos 

[ Continue ] 

Figure 12 Principal components clustering of NASA autolander data 
The cluster analyses provides the expert with feedback that enables him to check whether the 
model being modeled appears correct but does not capture fine details and idiosyncratic 
exceptions. Inductive modeling provides a more precise account of logical structure that 
accounts for the data. Figure 13 shows the rules returned when the "Induct" button is clicked. 
When the knowledge selects a factored EDAG in the control panel at the bottom of Figure 13 
and clicks on "Induct" to run it again, the EDAG shown in Figure 14 is returned. This is 
precisely that of Figure 2 taking into account the slightly different vocabulary used. 
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Netscupe: 0WebGrid• Induct: 

WebGrid Induce 

no visibility-> use autolander (1) 
sta.ble & errors= ss & turbulence= strong-> use autolander (1 ?1) 
stable & errors= ss & turbulence= medium-> use autolander (1 ?1) 
stable & errors= mm & turbulence= medium & positive-> use autolander (2 
sta.ble & errors= ss & turbulence= light-> use autolander (1 ?1) 
sta.ble & errors= mm & turbulence= light & positive-> use autolander (2 . 
stable & errors= mm & turbulence= strong & wind= tail & positive-> use 
visibility & unstable-> don't use autolander (1 ?1) 
visibility & errors= lx -> don't use autolander (1 ?2) 
visibility & errors= xl -> don't use autolander (1 ?2) 
visibility & turbulence= out of range-> don't use autolander (1 ?5) 
visibility & errors= mm & negative-> don't use autolander (2 ?2) 
visibility & errors= mm & turbulence= strong & wind= head-> don't use 

Overall·Evaluation 
Correct 16/16 •• 100. oot 

( Continue ) 

Specify type of rules: @Simple QEDAG QR.DR 
Allow :negation D Factor rules D Significance re qllired I a o ; % 

Shov conditions covered by rule: 

( Induct ] 

Figure 13 Induct modeling of NASA autolander data through rules 
~ii •• • Netscape: WebGrid Induct Im~ 

-> use autolander (9) 
1- visibility 
I I- errors= mm 

WebGrid Induce 

I I I- negative-> don't use autolander (2 ?2) 
I I I - t.urbulence = strong & ·wind = head -> don· t use autolander ( 1 ?2) 
I I- unstable-> don't use autolander (1 ?1) 
I I - errors = lx -> don· t use autolander ( 1 ?2) 
I I- errors= xl -> don't use autolander (1 ?2) 
I I- turbulence= out of range-> don't use autolander (1 ?5) 

Overall Evaluation 
Correct 16/16 100.00~ 

[ Continue ] 
--------------· ~....,.·:,w,w-,.w.-,,;.,,«-·' ..... ..,. .. AX:''MX'':TW:'.-YX.,;:;·:y~ ::::~:,,;::«=t.<i.=:=•:;,·~.;;,:;,,:.:,~.zx;:,:;-,~:, 

Specify type of rules: 0 Simple @EDAG OR.DR 
AJlaw Factor rules [8J Significante re qllired ~" 

Shov conditions covered by rule: Correctly D · Wrongly D 
[ Induct ) 

Figure 14 Induct modeling of NASA autolander data as EDAG 
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7 Integrated Inference in WebGrid 
New cases may be tested against the rules by clicking the "Test" button under the list of elements 
in Figure 10. This results in the data entry screen shown in Figure 15 which allows the attributes 
of a test case to be entered and the rules used to infer a conclusion. The WebGrid inference 
engine uses open class reasoning to make correct inferences with data that has missing values. 
The current inference is that it is open whether to use the autolander or not. 

,WebGrid Tesr Elemenr 

•··.···· ·:··········,···:··:··•-•.•.•··,·:···· 

:oata C •• •• 

? I riei~11~Jpositive 
,co:ru:1.ue. • d ? • I :use aU10lander-,.don't use auwlander 

•• . ,o,~.!,~c:,au:~i..-z.~ .11cJa1t w .-telmlder • ~.; •. ••• 

> t'};;'~n}'lt•hawfinished dkkon (Cancel){ Add l( Infer) 

Figure 15 Test case data entry and inference 
• The user enters data through the popup menus, say that there is visibility, the vehicle is unstable 

and the wind is medium, and clicks on "Infer". There is enough data to produce a definite 
conclusion even though some attributes are unspecified, and WebGrid returns the screen of 
Figure 16 showing that it can be inferred that one should not use the autolander. 
The expert can continue to adjust the test case data and run inference until he is either satisfied 
that the system is correct or he finds a case for which the inference is incorrect. He can then 
correct the conclusion and click on the "Add" button to enter the data as a new case. When 
Induct is run again it will generate a new model that takes account the additional case and, if 
possible, will then be corrected on the existing cases together with the new one. Thus, knowledge 
acquisition can be integrated with performance. 
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W eh Grid Tes£ Elemenr 

Prowle some data on the test condition 

Data 
:,,,,,,,,,,,,5,,,,VJS,,,,· i,,,,blli,,,,--ty~==~_.I no visibility--visibllity 

:=,,,,s,,,,uns""""1a""b""le~---I s1able--u:ns1able 
? I errors 

:,,,,,,,,,,,,me,,,,d,,,,ium""""""""~---'I turbulence 
? lwlnd 

,.__? ____ _.I negative--positive 

Conclude 
.._I _s_d_on_'_t us_e _au_10_1and_e_r ____ l use autolander--don't use autolander 

Inferred: don't use -tolander 

Figure 16 Test case data entry and inference 

8 Conclusions 
This demonstration has shown how WebGrid provides an interactive knowledge modeling 
system through the Internet. The main paper (Gaines and Shaw, 1996) gives more details of 
related systems and of other capabilities in WebGrid. 
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