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Abstract Thehistory, benefitsanddravbacksto purerule-
basedrogrammings discussedA simpleextensionto pure
rule-basegrogrammings describedTheextensionsarevery
quick to code and can be easily customizedto supportsa
rangeof knowledgeengineeringapplications.

1 Intr oduction

At aworkshopon rule-basegrogramminghereafterRBP),
it may be heresyto saythatthereis moreto knowledgethan
just rules.However, after mary yearsof commercialandre-
searchwork on RBR, we asserthatthisis so.

This article reviews someof the history of RBP andthe
needto extendcertainaspectof RBP. Theseextensionsare
simpleto implement-sosimplein factthatthe entiresource
codefor thoseextensionscanbe presentedh this article.

2 A DummiesGuide to RBP

2.1 Origins & Early Successes

This article focuseson rule-basedknowledge engineering.

Hence,by “RBP”, we really mean“how ruleswere usedin
classicaknowledgeengineering”.

Much of the early 1980shype surroundingcommercial
applicationsof artificial intelligence camefrom early suc-
cesseswvith rule-basegbroductionsystemsSuchsystemsvere
rule-basedystemghatqueriedandupdateobjectsin awork-
ing memoryusingaMATCH-SELECTACT cycle:

— MATCH: find the ruleswith conditionssatisfiedby the
currentcontentsf working memory;

— SELECT: pick onerule from the MATCHedsetusinga
conflictresolutionstrategy;,

— ACT: performtheactionof the pickedrule.

Thereare mary advantagego pure RBRP For example,the
uniformity of the RPGparadigmmakesit amenabléo:

— formal analysisof their reliability, e.g.[5];

— powerful learningscheme$anguagese.g.[8];

— therapid creationof high-productvity programmingen-
vironmentsge.g.[7,11,12];

— therapidtrainingof businessuserssothatthey cancreate
theirown rule basese.g.[16,17];

— powerful maintenancernvironmentsge.g.[6,19].

Further RBPis aninsightfultheoreticatool for cognitive
psychology PureRBP canreplicatecertainexpertanderro-
neousbehaior of experts.For example,oneway to explain
thedifferencebetweerexpertandnovice performances that
novicesfill their working memorywith an excessof active
goals.Thisleavesnoroomfor ary intermediarie®f ary par
ticular calculation.On the otherhand,expertshave compiled
their experienceinto high-priority rulesthat selectthe next
bestaction.Hence theworking memoryof anexperthasless
active goalswhichmeansexpertsarefreeto usetheirmemory
to run computationg9].

Not only is RBP usefulfor cognitive theory; it is auseful
tool for pragmaticsoftware engineersRBP enablesa novel
iterative andexploratorysoftwaredevelopmenimethodology
Iterative andexploratorysoftwaredevelopmenis very useful
whenprototypingsoftware.Suchprototypingis not required
for well-definedtasks.Suchwell-definedtaskscanbeimple-
mentedvia a“waterfall” developmentprocessi.e.

water fall = analysis — design — code — test

For less-definedasks,waterfall developmentcan stag-
natein the analysisstagesincenot enoughis known about
the domain.An alternatie approachs to useRBPto gener
atean executableversionof the currentconceptualizatiomf
a system.Sinceeachrule is a separatehunkof knowledge,
it is easyto quickly addmorerules.Thisrule basewill, most
probably beincomplete However, on execution,theinterac-
tion of theserulescanleadto surprisingresultsthat prompt
clarificationsand extensionsof domainknowledge.This ap-
proachhasbeencalledvariousthingsincluding “knowledge
elicitationviairritation” or the RUDE model;i.e.

RUDE = Run — Understand — Debug — Edit
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RBP methodsresultedin the “Al spring” of the 1980s. b11
Many well-documentednature andoptimizedRBP systems in bag_small_items
weredevelopedsuchasART !, CLIPS, andOPSH3] (justto if Siﬂié:r'y in fems has N and 4
nameafew). NumeroussignificantRBP systemsveredevel- bag=B with *notFull  and
i i i not (bag=B with ‘contents has C and
opecﬁnclu¢ngthecommerualIysuccessfu](CON computer Grocery  with  mame=C with type(bottie))
configuratiorsystem13]. then change order=l with delete(items,N,litems) and
change bag=B with ‘contents takes N
since '‘best to avoid bottles and small items’.
2.2 Problemswith Rules b12
in bag_small_items
. . . if order=I with ‘items has N and
The blossomingof RBP in the Al springwas not followed grocery with ‘name=N with ‘size=small  and
by an RBP summer An assumptiorunderlyingthe RUDE bag=B with *notFull A ,
. then change order=I with delete('items,N,litems) and
approachwas that rules are independenthunksof knowl- change bag=B with ‘contents  takes N
edgewhich canbeeasilyaddedor changedr removed. This since  ‘'sneaking a small item into a not full  bag.
provednotto bethe case For example,onceXCON grew to newbagasmall .
10,000rules thedevelopersof XCON hada RUDE® awaken- n g?(?grsma'!ﬁfenj_fems s N and
. . . , . . i wi i
ing: maintainingKCON'’s ruleshadbecomefiendishlycom- grocery  with ‘name=N with ‘size=small
plicated.To someextent,thiswasdueto thedensityof knowl- then {nakg bag WIthb *nothing
. . . . . , since nee a new bag.
edgewithin XCON. The expertisewithin XCON's rulesre- 9

flectedDEC's state-of-the-arknowledgein configuringcom-
putersandsucharich library of knowledgewill beintricate  Fig. 1 Threerulesin the PIKE language(a STARLOG variant).
to maintain,no matterhow it is expressedHowever, another  Theserulesaccessheobjectdefinedin Figure2, Figure3, andFig-
factorcomplicatedXCON'’s maintenancevasthatit’'s rules  ure4. Exampleadaptedrom Winstons BAGGERapplication[23].

violatedthe RUDE assumptionReal-world rule basesften grocery. pl
containedgroupsof rules with significantinteractions.For groceryDB(1,  bread, bag(plastic). medium, 1)
example: groceryDB(2, glop, jar, small, n)
. . groceryDB(3, granola, box(cardboard), large, n)
— A carefulreverseengineeringpf XCON shavedthatthe groceryDB(4,  iceCream, carton(cardboard), medium, )
t tedth h | t h groceryDB(5, pepsi, bottle, large, n)
systemexecute oughseveral opemtor spaceswnere groceryDB(6, potatoChips, bag(plastic), medium, n)

methodsfor improving the designof a computerwere
carefully collected,rejectedor elaboratedassessedye-
foretheappropriatdestoperator wasfinally selectedi].
— Figure1 shows threerulesthat checkfor certainspecial
casesof bagginggroceries.Theserulescant be under
stoodin isolationwith theothers.Rulebl1triesto sneak

% GROCERYhas five fields, none of which are indexed
grocery=groceryDB(id,name,type,size,frozen).

% define GROCERMypes
grocery*type(T) --> functor(‘type,T, ). % d....... 12

% size symbols to numbers

. ; ) grocery*volumes([small/1, medium/2,  large/3]).
smallitemsinto grocerybagsthat arent full andwhich ) | o
» f B B % accessing the numeric size of a particular size  symbo
don't containbottles.If b11fails,thenrulebl2justplaces groceryvolume(V)  -> * volumes(Vs), ‘size = S. Vs has |SV.

smallitemsinto ary grocerybagatall. Rulebl13creates
anew badwhenneitherof the othertwo rulescanfind a
bagfor smallitems.Notethetacitrelianceof b12onb11  Fig. 2 A PIKE definitionof the GROCERY object.

handlinga certainspecialcase(bagswith bottles).Note or der . pl
glsothetacnrehanceofp13ontheothertyvo rules:creat- % ORDERhas two fields  and the first  one is indexed
ing emptygrocerybagsis a nonsensactionunlesssome order=orderDB(+id, %"+ denotes indexing
otheragenttriesto firstfill thosebags. ftems ).
. . . . . order*size(20). % max number of items in an order
SuchcoordlnatlnguleswolatetheRUDEassumptlor$|nce order*activ(e.) OA: ORDERIis "active"; i.e. delete all at |reset
every additionto therule basehasto beassessedith respect ) ) )
. ff h tof th | % Accessing the GROCERMerm with a certain ~ Name.
to its efrectontheres 0 erules. . . % GROCERMefined in Figure 2
Anotherproblemwith pureRBPis thatthe paradigmcan orderitem(Name X) ~ -->  grocery with ‘name=Name with ‘self=X.
confuse,not clarify, Certaintypesl()f proceduraknangdge. %packtrgcks through all GROCERYtems that are items
For example, the processof finding the volumesof differ- %in this ORDER

. . . . order*item(ltem) -->  ‘items has Name, *item(Name,ltem).
entitemsin a grocerybag.Onegeneator rule is requiredof

1 FromInferenceCorporation
2 The“C” LanguagentegratedProductionSystemdevelopedoy ~ Fig. 3 A PIKE definitionof the ORDERobject.
NASA [18]
% Pun.Function:noun.Etymology:perhapsgrom Italian puntiglio
fine point, quibble.Definition: theusuallyhumorousiseof awordin
suchaway asto suggestwo or moreof its meaning®r themeaning
of anothemword similarin sound.Sorry.



bag. pl

bag=bagDB(+id,contents).
bag*active.
bag*capacity(20).
bag*empty --> ‘contents=[].
bag*newBag(ld,Contents) --> flag(ids,Id,ld+1),
lid=Id, %od. ... 8
Icontents=Contents.
bag*nothing -->  *newBag(_,[]).
bag*largeltem(l) --> grocery with ‘name=l with ‘size=large.
bag*largeltems1(ltem,1) -->  *largeltem(ltem),!.
bag*largeltems1(_,0).
bag*largeltems([H|T],NO+N) -->  *largeltems1(H,NO),
*largeltems(T,N).
bag*largeltems([],0).
bag*largeltems(N) -->  ‘contents=Items,
*largeltems(ltems,NO),
N is NO.
bag*volume([Item|ltems],V0+V) --> %d... 25
grocery with ‘name=Item with *volume(VO0),
*volume(ltems,V).
bag*volume([],0). %dq... 28
bag*volume(V)  -->
‘contents=Items, *volume(ltems,VO0), Vis V0.
bag*full --> * volume(V), *capacity(S), V >= S. %<4 38
bag*notFull -> not (* full).

Fig. 4 A PIKE definitionof the BAG object.

transferringpairsof groceryitemsfrom that setto a tempo-
rary spaceof “candidatesums”. Another intermediaryrule
matchesand deleteseachpair, thenassertghe sumof their
sumasanothemrmemberof the “candidatesums”. A final re-
port rule waitstill the generatorandintermediaryrule stop
firing, thenaccessethe surviving “candidatesum” astheto-
tal volumeof thegrocerybag.A moresuccinctrepresentation
of this proceduralsummationknowledgeis the list summa-
tion procedureshovn in Figure4 betweerline 25andline 28.

Many otherresearcherarguedthatruleswerenottheap-
propriateprimitive constructof knowledgeengineeringDe-
spite carefulattemptsto generalizethe early knowledgeen-
gineeringwork (e.g.[22]), the constructionof knowledge-
basedsystemsremaineda somavhat hit-and-missprocess.
By the endof the 1980s,it wasrecognizedhatdesigncon-
ceptssuchas RBP were incomplete[4]. For example,Bo-
brow’s reverseengineeringof real-world knowledge-based
systemd2] foundthat numerougaradigmsverebeingem-
ployedincluding rule-basedlogic-basedfunctional,object-
oriented,and “access-based{which, thesedays,we might
call implicit invocation[21]). The 1990swas characterized
by anextensive searctfor higherlevel reusablgatternof in-
ferencesuchaspropose-and-ngse(e.g.asdoneby [20] or a
recursve descentf “problemspaces’{e.g.asdoneby [24]).

business logic
(rules & objects)

super-
business
users

knowledge
engineers

services (usually raw Prolog)

Fig. 5 The“icebeig model” of knowledgeengineering.

2.3 BeyondRBP

Theabove problemsandourown commerciaknowledgeen-
gineering(e.g.[16,17]), lead us to extent RBP. Like mary
others(e.g. ART, CLIPS), the needto useboth procedural
anddeclaratve rule knowledgemadeuscombineRBPwith a
simpleobject-orientedpproachRuleconditionsandactions
coulduseverbsdefinedin the object-language-or example,
ruleb12in Figurel checksthata bagis notFull andnotFull
is aproceduratefinedat theendof bag in Figure4.

Also, for awhile, wetried codingupknowledgeengineer
ing languagedasedon the supposedlyeusablenighekrlevel
reusablepatternsof inference However, therewasaproblem.
Our repeatedxperiencewas that while small communities
of expertsmight reusean inferencepattern,that patternwas
not widely endorsecelsavhere. That is, while designinga
rule-base@roundacertaininferencepatternrwasuseful,each
new applicationneededa new inferencepattern(aneffectre-
portedelsavhere[10]). More generally while mary higher
level inferencepatternshave beenidentified (e.g. propose-
and-revise,heuristicclassificationrecursve descenof “prob-
lem spaces’)thereusabilityof thesepatternss questionable
sincethereneverwaswidespreadndstableagreementf the
internalstructureof thesepatternd14,15].

Eventhoughinferencepatternsmay not be reusablebe-
tweendomains,they may be usefulwithin a particulardo-
main. Our default architecturefor a new knowledge based
systemwasthe icebeg modelof Figure5. In that architec-
ture,knowledgeengineersvork “underthewaterline”to build
infrastructureto supportthe “in view” knowledgebasesre-
atedby advancedbusinesausers.Our role asknowledgeen-
gineerswasto;

— ldentify clichesin theexpert'sapproactio differentprob-
lems.
— Craftsupportcodefor eachsuchcliche.

Wherepossible the supportcodewasheavily parameterized
sothatit couldbe extensiely customizedThesecustomiza-
tion parameterghenbecamehe“tip of theicebeg” thatwas
in view to our businessusers.Theseusersthen usedthese
uppermostdriversin their rulesandobjects.Our clichesin-
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Fig. 6 Patternsof rule gronth. KE= knowledgeengineers

cludedlow-levelidiomssuchassummingall itemsis alist as
well asdomain-specifihigh-level inferencepatterns.

Figure 6 shaws a typical patternof authoringrules us-
ing thisicebeg approachNote thattheknowledgeengineers
write somerulesin theinitial stageswhile, by the endof the
developmentthe usershave written mostof the rules. This
patternof rule authoringarisesfrom the from the following
developmenimethodology:

Language development:Initially, the knowledgeengineer(s)
struggleto understandhe domainandidentify the rele-
vantcliches.After a weekor two, someof thesecliches
arefoundandimplementedassupportcode.

Transition: The knowledgeengineetthenbuilds a few sam-
ple rulesto demonstratehe usageof the supportcode.
Thesesamplerules are then usedto train the business
users.

Development: Businessisergoonto write mostof theknowl-
edgebase.

Language elaboration: Theknowledgeengineewatchegheir
progressto identify commoninferenceclichesthat are
awkwardor clumsyor errorproneto encode The knowl-
edge engineersthen (i) augmentthe supportcode and
(ii) shav the businessusershow to simplify their rules
usingthe augmentedupportcode.As aresult,the busi-
nessuserdearnhow to encodeandupdatetheir own rule
baseusing a knowledgelanguagethat hasbeenheavily
customizedo their domain.

Maintenance: Maintenancén thisapproachis relatively sim-
ple sincebusinesaiserscanupdatetheir own knowledge
evenwhentheknowledgeengineeiis unavailable.

3 STARLOG

Theicebeg modelis only possiblewhenthe practitionercan
quickly craft a new setof inferencecliches.Therestof this
paperdiscusseSTARLOG, acustomizationiool kit for knowl-
edgeengineering.

STARLOG systemis a setof load-timemaciosthatcon-
vert sentencesn somedomain-specifiderminologyinto a
simple clause-basetbgic. Sincethesemacrosare called at

ops. pl

op(999, xfx , if).
op(998, xfx , then).
op(997,  xfx, since).
op(996, fx, say).
op(990, xfy , or).
op(989, xfy , and).
op(988, fy , not).
op(980, fx, [make,change,zap]).
op(970, xfy , with).
op(969, xfx , takes).
op(968, xfx , has).
op(1, fx , goto).
op(1, xfy , [atin]).
op(1, x , [LLAD).
Fig. 7
starl og. pl
[flags]. % see Figure 23
@X :- (option(loadSlowly)
-> Options= []
Options=[silent(true), if(changed)]),
load_files(X,Options).
@[%%%tandard start up files
ops % see Figure 7
,hooks % see Figure 9
,hacks % see Figure 27
%%%some general library routines
,show % see Figure 29
Jtidy % see Figure 18
,demos % see Figure 30
,singleton % see Figure 28
,misc % see Figure 31
,Sharedvars % see Figure 17
%%%ode specific to rules and objects in Prolog
% the object system:
,spec % see Figure 12, & Figure 10
,wrapper % see Figure 24
,ecg % see Figure 13
,verbs % see Figure 25
% the rule system:
srules % see Figure 15, Figure 19 & Figure 22
J[fchain % see Figure 16
%,egs % see Figure 26 (uncomment to see demos)
1.

Fig.8 Theidiom @[Filel, File2,.]] is shorthandor “don’t
loadthesefiles morethatonceunlessthey have notchangedndisc
and,if loading,don' print verbosdoad messages”.

loadtime then,in mary casestheoverhead®f interpretation
isincurredonceatloadtime andnever atruntime.

STARLOG is aProlog-basedramenork for building dif-
ferentlanguages$or knowledgeengineeringPrologwascho-
senastheunderlyingimplementatiodanguagelueto its ease
of customizationFor example,Figure7 changeghe Prolog
interpretersuchthat certainuserfriendly structurescan be
createdn apseudo-Englisistyle;e.g.therulesshavnin Fig-
urel.

This paperpresent867linesof Prologthatimplementsa
simple,but usefulrule/objectinterpreter/optimizeThemain
loadfile of STARLOG is shavnin Figure8. Of thiscode, 127
lines aresupportutilities; 153 implementan optimizedsim-
ple objectlanguageand87 linesimplementa forward chain-
ing rule-basedystem Sucha smallsetof utilities caneasily
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speceg. out

% OBJECTS:
term_expansion(Helper=Spec, X) -
spec(Helper=Spec,X).

% METHODS:

term_expansion((Helper*Head -->  Body), X)
ecg((Helper*Head -->  Body),X).

term_expansion(Helper*Head, X) -
ecg((Helper*Head -->  true),X).

% RULES:

term_expansion(Label if Condition  then Action,X)
rules(Label if Condition  then Action,X).

Fig. 9

be customizedor new domains.One suchcustomizations
the PIKE languagé usedfor the rulesandobjectsshovn in
Figurel, Figure2, Figure3 andFigure4.

PIKE supportsthreemain constructsshovn in Figure9:
objects,methodsandrules. Theseconstructsare discussed
belonv Dueto spacerestrictions this discussionwill be quite
terse.A longer version of this article is under preparation
which explainsthe systemin moredetail.

3.1 Objects

Knowledgebaseauthors(hereafter authors)can define ob-
jectsusingtheidiom Helper=Spec whereSpec describes
thestructureof aworkingmemoryobject. EachPIKE object
containsa setof namedfields, someof which aremarked by
a+ if they areindex fields. GROCERY itemshave noindexes
(seeFigure2) but ORDERsandBAGshave oneindexedfield
each(seeFigure 3 andFigure4). Helper is the nameof a
predicatehatcanaccesgpartsof anobject.For example,the
Figure 10 shaws the internal Prolog representatiorof Fig-
ure 4. For example,the grocery/5  predicatesstartingat
line 14 allow the accessand updateof fields within a GRO-
CERY object.

The Helper=Spec idiom arehandledby the spec/2
predicatedefinedin Figure12.Currently PIKE's objectssup-
portencapsulatio@ndpolymorphismput notinheritance.

3.2 Methods

The idiom Helper*Head --> Body is PIKE's method
syntax.Thesemethodsarean extensionto the standardPro-
log definite clausegrammarand so are called ECGs. ECGs
can containnamedreferencedo objects.Within ECGs,the
idiom ‘X accessethe currentvalueof field X andthe idiom
IX updatedield X. For example:

4 For StarTrek aficionadosyve offer the following notes. STAR-
LOG variantsshouldbe named,in ordet after the captainsof the
Rodenberry-classtar ships:i.e. PIKE KIRK, SPOCK,PICARD,
SISKO, JANEWAY, DA'AN andARCHER.ThenamesSTOCKER,
DECKER, KAHN andZO'OR areresered for throw-away crazy
prototypesfor obviousreasons.

% output  from speceg.pl
grocery(A)
grocery(A, B, C).

groceryDB(B,C,D,E,F), P20 T 6
groceryDB(B,C,D,E,F))
functor(D,A,G). 0 .ot s 8
grocery(volumes([small/1, medium/2,  large/3]), A, A).
grocery(volume(A), groceryDB(B, C, D, E, F),
groceryDB(B, C, D, E, F))
medium/2, large/3]has E/A.

grocery(type(A),

[small/1,

grocery(self,
grocery(id,

B, A B). % i, 14
B, groceryDB(A,
groceryDB(B,
B, groceryDB(C,

groceryDB(C,
, groceryDB(C,

groceryDB(C,
B, groceryDB(C,
groceryDB(C,
B, groceryDB(C,
groceryDB(C,

grocery(name,

grocery(type,

grocery(size,

> > » > >>
W

grocery(frozen, A),

B)).

000D oOwm>»00

mmmm®w>» 0000

MM®@m»mmmmmm
J

":spec’(grocery, groceryDB,  groceryDB/5
0, [0, 0, 0, 0, O], I[id, name, type, size, frozen]).

:-index(groceryDB/5).

:-dynamic  groceryDB/5.

portray(groceryDB(B,
write(groceryDB/5).

C, D, E F)

touch(groceryDB(A,
grocery(F, groceryDB(A,

B, C, D, E), F, G) :
B, C, D, E), G).

gets(grocery,
groceryDB(B,

groceryDB(B,
C, D, E F).

C, Db E, B,

sets(grocery, groceryDB(A, % <4 41
bretract(groceryDB(B,

bassert(groceryDB(A,

B, C, D, BE), D)
C, D, E, F),
B, C, D, E)).
makes(grocery, % 4 45
bassert(groceryDB(B,

groceryDB(B, C, D, E, F), [))
C, D, E, F).

zaps(grocery, groceryDB(B,
bretract(groceryDB(B,

C, Db E, F),
C, D, E, F)).

goal_expansion(grocery(A, B, O),
singleton(grocery(A, B, Q)),
clause(grocery(A, B, C), D).

goal_expansion(grocery(B, C, D, D), grocery(B, C, C, D, |D)).

goal_expansion(grocery(A, B, C, D, E), true) :
one(grocery(A, B, C, D, E)).

D) - % d........ 51

Fig. 10 Outputfrom Figure11l.

— Line 12 of Figure2 hasthecodefunctor(‘type,T, -
) . STARLOG'sload-timemacrosexpandthisinto theac-

cessto the third field of groceryDB/5  (i.e. the type
field) shovnin Line 8 of Figure10.
— Line 8 of Figure 4 hasthe code!lid=ld . This idiom

forcesan updateof thefirst field of a bagDB/2 factto
avaluecomputedromtheflag/3  predicaté; i.e.:

bag(newBag(ld, Contents), _, bagDB(ld, Contents))

TheHelper*Head -->
definedin Figure13.

Body idiomis handlecby ecg/2

® SwiI Prologs flag/3
mericcounters.

predicatemaintainsand updatesnu-

flag(ids,Id,Id+1)
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[starlog]. % see Figure 8 spec(Helper=Spec,
[ ":spec’(Helper,F,Terml,lds,Indicies,Names)
[grocery]. , (- index(Index))
, (- dynamic F/Arity)
portray(:spec’'(A, B, C, D, E, F) - , (portray(Term1) write(F/Arity))
format(":spec”("p, “p, “p.[AB,C]),nl, , (touch(Touched,Com1,Final):- Toucher)
format(’ p, “p, p)..[D,EF]). , (gets(Helper,Term1,lds) Terml)
, (sets(Helper,Term2,Ids) bretract(Term1),
speceg bassert(Term?2) )
listing(grocery), , (makes(Helper,Term1,ids) bassert(Term1))
spec(grocery=groceryDB(id,name,type,size,frozen ), Ligt0), , (zaps(Helper,Term1,lds) bretract(Term1))
none(List0,grocery,List), , (goal_expansion(H3,Body) singleton(H3), % <« 12
show(List). clause(H3,Body))
goal_expansion(H4,H5a)
none([],_.[]). (goal_expansion(H5,true) one(H5)) % « 15
none([(H:-_)|T],F, Rest) functor(H,F,_),!,none(T,F,Rest). (H1 :- H3)
none([H|T], F, Rest) functor(H,F,_),!,none(T,F,Rest). Self
none([H|T], F,[H|Rest]) none(T,F,Rest). | Rest
demos(speceg). Spec =: [FIFields],
length(Fields,Arity),
makelndex(Fields,1,Indicies,lds,Args,Names),
. . H1 =.. [Helper,Com],
Fig. 11 Starlogsamplegenerate§igurel0. H3  =. [Helper,Com,_,_],
% H3a =.. [Helper,Com,lInitial,Final],
H4 =.. [Helper,Field,Old ,In,In],
L. H5a =.. [Helper,Field,Old,Old,In,In],
3.3 Forward ChainingRules H5  =. [Helper,__._._.],
functor(Touched,F,Arity),
.. . ", . . Toucher=..[Helper,Com1,Touched,Final],
TheidiomLabel if Condition then Action isPIKE’S Index = [ [.:F]mdicies], ]
way of definingforwardchainingrules.Ruleshave priorities Terml =.  [FlArgs],
N o . Self =.. [Helper,self,In,0Out,In,Out],
andgroupswhich canbe specifiedwithin the Label The de- copy_term(TermL/lds, Term2/ds),
fault group and priority is global and 10, respectiely. For findall(One, speci(Helper,Names,F. Arity,One) Res).
example,line 2 in Figure 14 shavs a rule beingenterednto specl(Helper,Names,F,Arity,One)
i nth1(Pos,Names,ltem),
the bagflargefltemsrme group. joinArgs(F,Arity,Pos,Old,New,T1,T2),
Internally, therule One =.. [Helper,item,Old,New,T1,T2].
Id in Group at Priority if Condition then AdtidAres(F.Arity,Pos,Old,New Terml,Term2)
length(L1,Arity),
. . . Pos0O is Pos - 1,
is convertedinto two Prologpredicates length(Before,Pos0),
append(Before,[Old|After],L1),
1hs(Group,Priority, Id, Memory): —Condition ?Z?riqd(geforfﬁl[sf]\fmﬂeﬂ'LZ)’
Term2 =.. [F|L2].
and kelndex((l,_,[.01.0.0)
. makelndex([],_,0.00,0.0)-
rhs1(Group, Id, Memory) : —Action makelndex([+H|L].N,[1|Pos]. [Arg|Ids] [Arg|Args] [HIT])
N1lis N+ 1,
(seeline 14in Figurel5 andline 16 in Figure15). This sep- makelndex(L,N1,Pos,ds,Args,T).
aration permitsthe extensive customizationof the forward make;g;’;g[(ﬂ)”'N*[°|P°S]*'dS'UAr95]'[H|TD
chainersincerule conditionscanbetestedwithouttriggering Nlis N+ 1,
therule action makelndex(L,N1,Pos,lds,Args,T).
ThevariablesGroup,Priority,Id,Memory areused blank(H,B,Id) - "spec(H,_B,d,_,_).
by PIKE’s conflict resolutionstrategies Recallthat conflict
resolutionis the processingof selectingone rule from the Fig. 12 SeeFi 111 |
spaceof rulesof satisfiedconditions.PIKE employs the fol- 9. 12 seerigurelLior sampleusage.
lowing conflict resolutionstrateyies:
Rulegroups: PIKE maintainsapointerto somecurrentgroup
in the group/1  fact (seeline 35 in Figure 16). Only
ruleswithin the currentgrouparetested. fromtheCondition  totheAction .Thesesharedsari-

Priority ordering: Prior to forward chaining, PIKE gathers
togethenalist of all the uniquegroupnamesandrule pri-
orities within eachgroup (seeline 20 in Figure 16). At
runtime,rulesareexploredwithin a groupin priority or-
deringfrom priority oneto lower priorities(se€line 28in
Figure16 andline 34in Figurel6).

Refiaction: PIKE never fires the samerule actiontwice on
thesamesetof variablebindings.TheMemory argument
of Ihs/4 andrhsl1/3 containsall thevariablespassed

ablesarefoundvia sharedVars/3  shownin Figurel7
whichis calledatline 29in Figure15.

Recency:WhenPIKE assertanything, it is assertechbove
all olderassertionge.g.sedine 41in FigurelOandline 45
in Figure10).Hence ruleswill fire moreon newerasser
tionsthanolderassertions.



| argei t ens. pl

Three =..[Post,H,W,Id],
ecgl1(X0,H,Two,WO0,W).

ecg. pl
ecg((H*X0 --> Y0),0ut)
ecgl(YO,H,Y,Wo,w),
X =. [H,X0,W0,W],
expand_term((X - Y),Temp),
tidy(Temp,Out).
ecgl(X,H,Y,W0o,wW) :- once(ecg0(X,2)), ecg2(Z,H,Y,W0,W).
ecg0o(X , leaf(X)) - var(X).
ecg0(! , .
ecgo(X ->Y) , two((->),X,Y)).
ecgO((X and YY) , two((, ).X)Y)).
ecgO(X , Y) , two((, ),X,Y)).
ecgo((X or YY) , two((;  ),X,Y)).
ecgO(X ;YY) , wo((;  ).XY)).
ecgO(not X , one((not),X)).
ecg0(* Callo , local(Call)) - c2l(Callo,Call).
ecgO(H*Callo , foriegn(Call,H)) - c2l(Callo,Call).
ecg0(‘'X takes Y , ‘X takes Y ).
L 21
ecgO(change X=Id with YO, with(X,ld,Y,gets,sets)):- w2c(
ecg0(make X with  YO,with(X,_,Y,blank,makes)):- w2c(
ecgO0(zap X=Id with YO, with(X,ld,Y,gets,zaps)):- w2c(
ecg0(zap X=Id, with(X,ld,true,gets,zaps)).
ecgO(X=Id with YO, with(X,Id,Y,gets,noop)):- w2c(
ecg0(X with YO, with(X,_ ,Y,gets,noop)):- w2c(
T 28
ecg0(X, wrap(X)).
ecg2(!, ! >
ecg2(‘List takes Item,H,X) --> ecgl(List=[ltem|‘List],H,X).
ecg2(one(0,A0), H,X) --> ecgl(AQ,H,A), X=..[0,A].
ecg2(two(O,A0,B0),H,X) --> ecgl(AO,H,A),ecgl(BO,H,B),
X =. [O,AB]
ecg2(leaf(X), _X) >
ecg2(wrap(X0), H,X,WO0,W) :- wrapper(X0,H,X1),
ecg3(X1,X,Wo,w).
ecg2(local(L), H,X) -->  calls(L,H,X).
ecg2(foriegn(L,H )XW, W) - calls(L,HX,_,_).
ecg2(with(H,ld,X0,Pre,Post),_,(One, Two,Three), W1,W1 ) -
One =..[Pre, H,W0,Id],

noop(_,_,_).

ecg3([X0],X) --> add2(X0,X).

ecg3([X0,Y|Z],(X,Rest)) -->  add2(X0,X), ecg3([Y|Z],Rest).

add2(call(X),X,W,w) =L

add2(TO,T,WO,W) - TO =. LO, append(LO,[WO,W],L1), T =

calls([Call0],H,Call, W0,W) - Call =. [H,Callo,wo,wW].

calls([Call0,Call1|Calls0],H,(Call,Calls),W0,W) -
Call =.. [H,Callo,WO0,W1],
calls([Call1|CallsO],H,Calls,W1,W).

w2c(A with B,(A,C)) :- !w2c(B,C).

W2c(A,A).

Fig. 13

3.4 TheWith Statement

Anotherimportantidiom within PIKE is
Class=ld with Methodl with Method2 with

PIKE expandstheseto multiple methodcalls invoked over

thesameobject.Importantvariantsof thisidiom are:
— change Class=ld with Methodl with

TheMethodsareprefixedby amatchto theobjectandare

followedby anupdateto the object.
— make Class with Methodl with

The Methods arerun on a new objectof the specified

¥0,Y).
YO,Y).
YO,Y).

¥0,Y).
¥O,Y).

bottles
in bag_large_items Q0 e 2
if order=I  with ‘items has N and

grocery  with ‘name=N
with  ‘size=large

with  *type(bottle) and
bag = B with *largeltems(L) and
L<6
then change order=I with delete(‘items,N,litems) and
change bag = B with ‘contents takes N
since 'there”s room in bag ' and B and ' for a large battle’.
largeitems
in bag_large_items
if order=I with ‘items has N and
grocery  with  ‘name=N
with  ‘size=large and
bag = B with *largeltems(L) and
L<6
then change order=I with delete('items,N,litems) and
change bag = B with ‘contents takes N
since 'there”s room in bag ' and B and ' for one ' and |N.
newbag
in bag_large_items
if order with ‘items has N and

grocery with ‘name=N
with  ‘size=large

then make bag with *nothing

since ‘need a new bag'.

endlarge

in bag_large_items

if true

then goto bag_medium_items

since ‘all  done with large items’.
Fig. 14

Class andarefollowedby anassertiorof the resulting
object.

— zap Class=ld with Methodl with
The Methods areprefixed by a matchto the objectand
arefollowed by deletionof the object. The Method s all
calledprior to deletion.

- zap Class=Id

The Methods areprefixed by a matchto the objectand
arefollowedby deletionof the object.

The prefix and following codeis addedbetweenline 21 in
Figurel3andline 28in Figurel3

4 Optimizations

PIKE also includesthree optimization methods:unfolding
anda unificationof the match/selecprocess:

Unfolding: If a clausesub-goalmatchesto a single other
clause thenthe sub-goalis replacedby the body of the
other clause;seeline 12 in Figure 12. Sometimesthis
unfolding unwrapsto justatrue sub-goal;seeline 15
in Figure12.Suchtrue sub-goalsireredundanaindare
purgedvia the codeof Figure18.

Unified matd/select: Theorderin which PIKE'srulesareto
betestedcanbe determinedvia therule priority number
If rulesaretestedwithin eachgroupin this order then
thefirstrule with a satisfiedconditionwould be the high-
estpriority satisfiedrule. By exploringrulesin this order;



rul es. pl

f chai n. pl

r=rule(group,id,wme,priority).

rules(In,Out) once(r(prep(In,Out),_, )).

rrinit -->  lid=0,!group=global,!priority=10.
r*head(ld in Gat P) --> !d
rhead(ld at Pin G) --> ld
rhead(ld in G) --> lid
rhead(ld at P) --> lid
r*head(ld ) --> lid=Id.

Ipriority=P.
Ipriority=P.

Id, !group=G,
Id, !group=G,
Id, !group=G.
Id, !priority=P.

rprep(X  if YO then ZO0 since WhyO,

[(Ihs(G,P,Id,Mem) - % g 14
Y)

,(rhs1(G,ld,Mem) S %A 16
z

say(G,ld,Why))
D > L
nl,print(X),
* init,!,
call(ecgHack(YO0,Y)),
call(ecgHack(Z0,2)),
call(c2l(Why0,Why)),
* head(X),
‘group=G,
id = 1d,
‘priority=P,
call(sharedVvars(Y,Z,Mem)), Yoo 29
write(’ YES?).

write('? ),

rprep(X  if
*prep(X if

Y0 then Z0O,0ut) -->
YO then Z0 since [],0Out).
ecgHack(X0,X)

ecgl(X0,_,X1,_, ),

expand_term(X1,X2),

tidy(X2,X).

rshow(Group,ld) -
clause(lhs(Group,P,ld,Mem),LHS),
clause(rhs1(Group,ld,Mem),RHS),
portray_clause((Ihs(Group,P,ld,Mem)
portray_clause((rhs1(Group,ld,Mem)

LHS)),
RHS)).

Fig. 15

PIKE avoids a computationallyexpensive MATCH pro-
cess.seeline 28in Figurel6 andline 34in Figure16.

5 A SampleApplication

This papercontainsfull sourcecodefor a PIKE rule/object
systemthat implements Patrick Winston's BAGGER prob-
lem[23]. BAGGERIs Winston'sallegory for XCON: XCON
configurescomputersby checkingthe right componentsre
combinedogethewhile BAGGERcheckshattheright gro-
ceryordersarecombinedogethelin grocerybags.

PIKE'sBAGGERIs loadedin Figurel9.Thesystencon-
tainsfive rule groups:

Global:  Createsa sampleorder; seeFigure 20. The cur
rentgroupis thenchangedo...

Check order: Checksif ary itemsaremissingfrom the
order; seeFigure 20. The currentgroupis thenchanged
to...

Bag_large _items: Handlesthe baggingof the bulky
items; seeFigure 14. The currentgroupis thenchanged
to...

refraction=alreadyUsed(+group,+id,mem).
refraction*active.

fchain  :-
no(silent),
reset(X),
run(X).

reset(Info) -
bagof(G/Ps,priorities(G,Ps),Info),
goto global,
forall(active(A),retractall(A)).

active(A) -
blank(_,A,_), touch(A,active,_).
groups(All) -
setof(One,A"B"C"D"clause(lhs(One,A,B,C),D),All).
priorities(Group,All) R 20
groups(Groups),
member(Group,Groups),
setof(One,Group™B"C"D"clause(lhs(Group,One,B,C),D) LAl
run(Info) step(Info),!, run(Info). run(_).
step(Info) :
todo(Info,Group,Priority), L2 [, 28

Ihs(Group,Priority,|d,Mem),

not alreadyUsed(Group,ld,Mem),
assert(alreadyUsed(Group,ld,Mem)),
rhs(Group,ld,Mem).

todo(Info,Group,Priority) - % @ oo 34
group(Group), 0 i 35
member(Group/Orders,Info),
member(Priority,Orders).

rhs(Group,|d,Mem)
rhs(Group,!d,_)
format('%

rhs1(Group,ld,Mem),!.

??.failed rule action w in “w',[Id,Group]),nl.

Fig. 16
shar edvars. pl

sharedVars(T1,T2,V) vars(T1,V1), vars(T2,V2),
sharedVars1(V1,v2,V),!.
sharedVars(_,_,[]).

vars(Term,All) setof(One,vars1(Term,One),All).

vars1(Term,V) - subterm(Term,V), var(V).
sharedVarsi1([],_,[)-
sharedVars1([H|TO],L,[H|T]) member(X,L),H == X[,
sharedVars1(TO,L,T).

sharedVars1([_|TO],L, T ) :- sharedVvars1(TO,L,T).

Fig. 17

Bag medium items: Handlesthe baggingof the mid-

sizeditems;seeFigure21. Thecurrentgroupis thenchanged

to...
Bag small _items: Triesto sneakthe smallitemsinto
thebagscreatedabove; seeFigurel.

Figure22 shavs whathappensvhenthewhole systemis
loadedandexecuted Giventhe ORDER

[bread, glop, granola, granola, iceCream, potatoChips]
PIKE’s BAGGERgenerateswo bags:

bagDB(1, [glop,
bagDB(0, [granola,

potatoChips, iceCream,

pepsi]).

bread])).



tidy.pl

medi um t ens. pl

tidy(A,C) -
option(brave)
-> once(tidy1(A,B)),once(tidy1(B,C))
; once(tidy1(A,C)).

tidy1(A,

tidy1(X=X,

tidyl(X is Y,
tidy1((A - true),
tidy1((A - B),

A) -
true) -
true) -

A).

R) -

var(A).

tidy(B,TB),
(TB=true
var(A),
var(B),

tidy1((A,B),
tidy1((A,B),
tidy1(((A,B),C),
tidy1((true,A),
tidy1((Atrue),
tidy1((A,B),

(A TB)) -
(TAB)) -

tidy(A,R).
tidy(A,R).
tidy(A, TA),
(TB=true
tidy(A, TA),
tidy(A, TA),
tidy(A, TA).

tidy1((A;B),
tidy1((A->B),
tidy1(not(A),
tidy1(A,

(TA;TB)) -

(TA->TB)) -

not(TA))  :-
A).

tidy((A,B,C),

option(brave).
option(brave),

ground(Y), X i

> R=A; R=(A :-
tidy(B,TB).
tidy(A, TA).
R).

TB)).

tidy(B,TB),

> R=TA; R=(TATB)).
tidy(B,TB).
tidy(B,TB).

Fig. 18 Remae redundantrues.

rul eseg.

- [starlog]. % see Figure 8
% see
% see

% see

- [grocery
,order
,oag
1.

- [checkrules
Jargeitems
,mediumitems
,smallitems

I

startup
in global
if true
then  make bag with
make order
with  ‘id=1
with  ‘items=

Figure
Figure
Figure

AWN

% see Figure 20
% see Figure 14
% see Figure 21

% see Figure 1

*nothing  and

[bread,glop,

potatoChips]
goto check_order
since 'BAGGER V3.0 is

ruleseg - time(fchain),

- demos(ruleseg).

listing(orderDB),

granola,

granola,iceCream,

and

up and running!!.

listing(bagDB).

Fig. 19
checkrul es. pl

bl

in check_order

if order=I  with

not (order=I
grocery
)

change order=|

‘order and |

‘items
with
with

‘items

‘name=N
with  ‘items
and ’

then
since

b2

in check_order

if true

then goto bag_large_items
since ‘all  done with checking

has potatoChips
has

has chips,

and
N and
with  *type(bottle)
takes
but

pepsi
needs pepsi'.

orders’.

Fig. 20

b8
in bag_medium_items
if order=| with ‘items has N and
grocery with ‘name=N with ‘size=medium
(bag=B with  *empty or
(bag=B with ‘contents has C and
grocery  with ‘name=C with ‘size=medium)

and

Y. )

then  change order=I and
change bag=B with

'bag and B and ’

with  delete('items,N,litems)
‘contents takes N
since can hold item and N.
newbag4medium
in bag_medium_items
if order with ‘items has N and
grocery  with  ‘name=N

with  ‘size=medium
make bag with *nothing
'need a new bag'.

then
since

endmedium

in bag_medium_items

if true

then goto bag_small_items

since all done with small items’.

Fig. 21

rul eseg. out

% output  from ruleseg.pl
[global::startup]
BAGGERV3.0
[check_order::b1]
order [1]
[check_order::b2]
all  done with checking
[bag_large_items::bottles]
there’'s  room in bag [0]
[bag_large_items::largeitems]
there’s room in bag [0]
[bag_large_items::endlarge]
all done with large items
[bag_medium_items::newbag4medium]
need a new bag
[bag_medium_items::b8]
bag [1] can hold
[bag_medium_items::b8]
bag [1] can hold
[bag_medium_items::b8]
bag [1] can hold item potatoChips
[bag_medium_items::endmedium]
all done with small items
[bag_small_items::b11]
best to avoid bottles

is up and running!!

has chips, but needs pepsi
orders
bottle

for a large

for one granola

item bread

item iceCream

and small items
- dynamic orderDB/2.

orderDB(1, [)).

- dynamic bagDB/2.

bagDB(1,
bagDB(0,

potatoChips, iceCream,

pepsi]).

[glop, bread]).

[granola,

Fig. 22

6 The Restof STARLOG

Therestof STARLOG is containedn thefollowing files:

— Figure23is thefirst file loadedwhich setscertainglobal

flags.
— Figure24 shonvs asub-routineto Figure13.

— Figure25definessomeof therule conditionsandactions.



flags. pl

- Stuff=(gets/3, sets/3, makes/3, zaps/3,
":spec’/6,
lhs/4, rhs1/3,touch/3),
multifile(Stuff),
discontiguous(Stuff),
dynamic(Stuff).
- index(gets( 1,1,0)).
- index(sets( 1,1,0)).
- index(makes(1,1,0)).
- index(zaps( 1,1,0)).
- index(lhs(1,1,1,0)).
- index(rhs1(1, 1,0)).
- dynamic group/1,
option/1.
yes(X) :- option(X) -> true;  assert(option(X)).
no(X) :- retractall(option(X)).
- yes(brave). % compile time evaluation
- yes(loadSlowly). % never skippled unchanged files on |load
- no(silent). % don’t suppress rule ’since’ text
- yes(nervous). % check that fields, methods exist
- yes(unfold). % replace  sub-goals by true
Fig. 23
wr apper . pl
wrapper(X,F,0Out) -
wrap(X,F,Before,[],After,[],Goal),
append(Before,[call(Goal)|After],Out).
wrap(X,F,B0,B,A0,A,Y) -
once(wrap0(X,2)),
wrapl(Z,F,B0,B,A0,A)Y).
wrapO0(X, leaf(X) ) - var(X).
wrap0(X, leaf(X) ) :- atomic(X).
wrap0([], leaf(true) ).
wrapO([H|T], [HIT] ).
wrapO(‘X, X ).
wrap0('X, X )
wrap0(X, term(X) )
wrapl(leaf(X), _B, B, A A X)
wrap1([HO[TO], F,B0,B, AO0A, [H[T]) -
wrap(HO, F,B0,B1,A0,AL,H),
wrap(TO, F,B1,B, ALA, T).
wrapl(term(X), F,B0O,B, A0A, Y) :-
X =. LO,
wrap(LO,F,B0,B,A0,A L),
Y =. L
wrapl('X,  F,[H|B],B,AA)Y) - H=.[F.X,Y,Y].
wrapl(!X, F,B,B,[HALA)Y) = R=.[FX_Y]
Fig. 24

— Figure26is afile which, if loaded,will exercisemostof
STARLOG's PIKE.

Figure27 containscertainProloghackssuchasrepairof
over-zealoudDCG expansion.

Figure28testsif only oneclausematchesa sub-goal.
Figure29is atool for printing lists of clauses.

Figure 30 is a tool for running a goal and trappingits
outputto afile.

Figure31 containgmiscellaneousode.

10

ver bs. pl
goto Group :- retractall(group()),
List has Item :- member(ltem,List).
say(_,_, ) - option(silent),!.
say(_,_,[) - L

say(Group,|d,Words) -l
format([w::"w]
write(’ ),

nl.

assert(group(Group)).

* [Group, d]).nl,

forall(member(One,Words),write(One)),

Fig. 25

egs. pl

- [speceq].
- [ecgeq].
- [ruleseg].

Fig. 26

hacks. pl

%:- yes(brave).

goal_expansion(append(A,B,C,D,D),
goal_expansion(once(A,B,B),
goal_expansion(=..(A,B,C,C),
goal_expansion(=(A,B,C,C),
goal_expansion(call(A,B,B),
%goal_expansion(call(A),
goal_expansion(noop(_,_,_),
%goal_expansion(X=X,

prolog_listing:put_tabs(N) -
N )

>0, !
write(’ ),
NNis N - 1,
prolog_listing:put_tabs(NN).
prolog_listing:put_tabs( ).

append(A,B,C)).
once(A)).

=.(AB)).
=(A.B)).

tion(brave).

Fig. 27
si ngl et on.

singleton(X) -
bagof(X/Y,clause(X,Y),[ ]).

one(X) :- singleton(X),X.

pl

Fig. 28
show. pl

show(X) :-

show([],_).

show([H]|T],X) -
once(showl(H,Y,S)),
(X=Y -> true; nl),
show2(S),
show(T,Y).

show(X,_).

showl((X :-
showl((X :-
show1(X,

true),F/A,
Y),

X) -
FIA,(X:-Y)) -
FIA, X) -

show2((X :- Y)) :-
show2(X) -

l,portray_clause((X:-Y)).
numbervars(X,1, ),

functor(X,F,A).
functor(X,F,A).
functor(X,F,A).

print(X), write(’.”),

Fig. 29 A simplepretty print.

nl.



denos. pl

demos(G) :-
sformat(Out,”w.out’,G),
(exists_file(Out)
write(Out),nl,nl,

-> delete_file(Out)

tell(Out),

format(%  output from “w.pl,G),nl, nl,
T1 is cputime,

ignore(forall(G,true)),

T2 is (cputime - T1)*1000,

nl,format("% runtime = "w sec(s)’,[T2]),nl,
told,

format(%  output from “w.pl,G),nl,

ignore(forall(G,true)),

nl,format("% runtime = "w sec(s)’,[T2]).

; true),

Fig. 30 Runagoal,trapit’s outputto file and,also,shav it onthe

screen.
m sc. pl

12¢([X,Y]Z],(X,Rest)) - 1 12¢([Y]Z],Rest).
12¢([X],X).

c2I(X,[X]) var(X),!.

c2l(X  and Y),[X|Rest]) - 1, c2l(Y,Rest).
c2I((X,Y),[X|Rest]) - 1, c2l(Y,Rest).
c2I(X,[X]).

subterm(X,X).
subterm(in, X) :- compound(In), arg(_,In,Arg),
term2list(TermO, L) :-
Term0 =..LO,
once(maplist(term2list1, LO, L)).
term2list1(H,H) -
term2list1(H,H) -
term2list1(HO,H) -

var(H).
atomic(H).
term2list(HO,H).

subterm(Arg

ensure(X) - XL
ensure(X) - bassert(X).
bassert(C) asserta(C).
bassert(C) retract(C),!, fail.
bretract(C) - retract(C) , bretract1(C).
bretract1(_).
bretract1(C) - asserta(C), fail.
Fig. 31
7 Conclusion

Pure rule-basedprogramminghad mary proponentsn the
early daysof knowledgeengineeringTheseproponentde-
camefewer in numberas more and more developerswere
forcedto extendpurerule-basegrogramming.

X).

We have arguedherethat suchextensionsare necessary

and simple. The Prolog code shavn hereis very brief and
implementsa object/ruleinterpreter/optimizerSucha small

systemis easilycustomizedndsupportur preferredoolkit
for knowledgeengineeringthe encodingof domain-specific

knowledgecliches.
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