Ng?*evaﬁs*/
o /XEvan’s Geometric Analosw Frogram - Ratiomal Reconstructionkx/
XAlan Bundg 26.10.79%/

/Xtor level rrogramX/

qyéns(Figﬁ;FisByFiﬁC;ﬁnsListpéns) -
C fipdrule(FigA»FigBsRule)s Sfule_is(Rule):
Erlurule (RulesFigCrAnsOb.ussAnskelssSims) s
2hs_desc(AnsObdssAnsRelssSims) s
gelectresult(FigCraAnslistransOblissAncsRelssSimssAns)
Vaﬁswisténs)¢

Z¥find rule given figureskx/
fiDﬂfule(FigﬁaFingRule) -
pelations(FigAsSource)r rélations(FigBsTarget)
pbdects(?igﬁiﬁlist)y ofijects({FigRsRlist) s
similarities(FidAsFigR,»Trirles)
lect . set(TrirlessMatches):
takeawawl(AlistsMatchessRemovals) s
takeawsul(BlistsMatchesrAdds)
Vﬁakerule(Removals,ﬁdds,Hatches;SourcepTarset;ﬂule).

/¥arrlyrule to fidec to rroduce answerXx/
arrlurule(rule(RemovalssAddssMatchessSourcersTardet)
, FigCs» AnsOb.JssTargetsMatches) -
relations(FigCsFiglesc)s wbiects(FigCrOblist) s
wetea(FigllescsSource) s

ﬂaplist(second:ﬁatches,NeuList); arrend{Newl istsAddsr»AnsOb.s) .,

- /%X 8Belect Result from those rrovided X/

LAelectresul t(FidCy[FigN!RestlrAnsObdssAnsRelssAnsSimssFigN) -
relations(FigNsNRels)s setec(NRelssAnsRels)s
similarities(FidCsFigNsNSims)s seteq(NSimssANsSims) s
obdects(FigNsNOb.ds)» setea(NOb.UdssAnsObh.ds) .

‘ﬁélectresult(PisCyEFisN:Rest],AnsDbJsfﬁnsRels;AnsSims;Ans) e
selectresult(FigCsRestrAnsObisrsAnsRelssAnsSimsyAns) .,
/%¥select ledgal subset of similarity trirles for matchesXx/

gelect. set(TrirlesMateh) - select.setl(LIsLlsTrirlesMatch).

zglectmﬁeti(ﬁusedyBusedyEJ;EJ).

select_setl(AusedrsBusedy[LAobdrBobdsTransliRestls[LAobdsBobdsTransliRestl])

not (wember (AobdrsAused) )y noti{member(Bob.rBused) ).
select_setl(LAobilAusedls[BobdiBusedlsRestsRestl).,

-select._setl{AusedsBuseds[[AobdrBobdsTransliRestlsRestl) -
select.setl (AusedyBusedsRestsRestl).,

/Xtake awasw the trirles from the list¥/
dakeswaul(ListsTrirlessAns) $-

maplist(firstaTriplesyFirsts),i;d%tract(List’Firsts;éns).

i

/{;keawasz(List’TPiPlES!QHS) HE

marlist(secondsTrirlessSeconds)s subtract(lListrSecondsrAns).,

+
*



/% First and second elements of 2 list ¥/
Arst(CA»EsClrAY .
gecond(LAsByClsR).,

/Xmake rule from descrirtions inherited from figs a2 & bh¥/
makerule(RemovalssAddssMatochessSourcesTardetsRule) -
marlist(firstsMatchess»Srairs)y marlist(second:MatchessTrairs),
arrend(RemovalssSrairssLL.1)r arrend(lLlsTrairssL2)»
arrend(L2sAddsyConsts)
unbind(ConstssSubsts)
Bsubst(Substsyrule(RemovalssAddssMatchessSourcesTardet) rRule) .

7¥find corresronding varisble for each comstant and sroduce substitutionX/
wind(Llstrue).

unbing(LConstiRestlyConst=X & Restl) -
unbind{(Rest+Restl).

/%X Messades X/

nuiemis(rule(RemavalﬁyAdds;ﬁatches;Source,Target)) -
writef( ' Rule isi
remove: %4t
add! %Xt
matcht %t
source! %t
target: %Zt \rn\n’» [RemovalssAddssMatchessySourcesTargetl),

gns_desc(0bds»RelssSims) -
writef(‘Answer descrirtion is?
obJdects! %t
relations? Xt
similaritiest! Zt \n\n’s LOblssRelssSimsl).,

éns,is(Ans) HES
writef(‘Answer is Zt\r\nm\n’'sLARsl).,



/Xfiguresx/
/¥test descrirtions for evamns rrodramX/
/XAlan Bundw 26.10.79%/

robleml(Ans) - evans(fidarfighefidosLfidlyfig2sfidgd3sfidgdyfigSlraANS),
rroblem2(Ans) - evans{fidasrfighsfigdory[FfidlsFfid2sfig3yTidd4a,yTigSlrANns),
rroblem3(Ans) i—- evans(fidarfidbrfigos[figlyfid2sfig3»figSlrANS),

obJects(fidasLtrilstri2l).,
relations(fidasllinsidestrilsytri2ll).,

obdects(fighs[tri3l).
relations(figh,L1).,

similarities(fidarsfidbs[LtriZsytri3sdirectl, [trilstri3s,[scale»2111),

obJects(fidgcrslsauarescirclel).,
r~lations(fidcry[Linsidessquarescirclell).,

obdects(figlsLcircle2rcircledl).,

relations(fidls[Linsiderscirclelrscircleldll),

similarities(figecsfidglslLcirclescircledrdirectls
Ceirclescircle2slscalerhalflld),

obJdects(fidg2ylsauarell).
relations(fig2s[1).
similarities(figcsfig2ry[[squaressauare2sdirectll).,

obdects(fig3sLtridscircled4l).,
relations(fig3sllinsidestridscircled4ll).,
similarities(fidecsfid3slLcirclescircledsdirectl]).,

obJdects(fidgd4slcirclesl).,
relations(figd4,(1).
similarities(fidgecsfigdsllocirclescircleSsdirectll).,

impts(fidg4aslsauaredl).,
relations(figdassL1)., !
similarities(fidcsfigdarsllsquarersauareldslscaler»2111).,

obJects(figSsLtri3l) .,
relations(figSs[1).
similarities(fidesfigS[1),




‘ues :
! ?— rrobleml(a). S
" Rule ist &ﬂ\

WM‘Q-—-« -

remove! [._5271 -
add! []

match? L[L.537:.547ydirectl]
source! [Linsides . 527,.53711
target: [

Answer descrirtion is?
obdects?! [.547]
relations: [
similarities! [Lcircley. . B347ydirectl]

Answer is fid4

A = fig4

8.5

i P~ rroblem2(A).,

Rule isi
remove: [.5271]
add?: L]

matcht L[L_.537»_.547ydirectl]
source! [Linside» 52753711
tardet: [

‘Answer descrirtion is?
obJdects: [.347]
relationst L[]
similarities! [L[circles. . 547sdirectl]

Rule is?
remove: [.527]
add? L[]
match? [L.537y..547y[scalery211]
source! [Linside». 537,.5271]
tardet: [

Answer descrirtion is?
obdects: L[.3547]
relationst [1
similarities! [[scuares. . 547s[scale211]

Answer is fid4a

A = fid4das

wes

i = rroblem3(A).,

Rule is?

! remove’: [.527]
addt L[]

mateh? [LL537.547ydirectl]
source! [Linside».527,.53711]




tardget: []

Answer descrirtion isi
obJdects! [.547]
relations?: [1]
similarities! [Lcircley. . S347sdirectl]

Rule is?:
remove: [.5271
add: L1
mateh? [[.537+.547[scales2113]
source! [linsidey . 537,.52711]
target: L[]

Answer descrirtion is?
obJdects: [.3547]
relationst L[]
similarities:! [[scuare:.547+[scales21]]

Rule ist
’ remove: [.381,.3911

add! [.401]

matcht L[]

source! [Linsides  381,_39111
target: L[]

Answer descrirtion is?
obJects: [..4011
relations: [1]
similarities: []

Answer is figd

.,

ues / M:>
i P core 49664 (20480 lo-sed + 29184 hi-sedg) -
= ) = i ¥ T31Td Tree

g obal 1187 = 16 in use + 1171 free
local 1024 = 16 in use + 1008 free
trail 511 = Q0 in use + 511 free

0.06 sec. for 1 GCs dazining 144 words :
0.08 sec, for 4 loczsl shifts and 12 trail shifts
177 sec, runtime
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DEFARTMENT OF ARTIFICIAL INTELLIGENCE
FROLOG FROGRAM LIERARY
FROGRAM SFPECIFICATION

Erodgram Name The Evans Geometric Arnzlodgye Frodgram
Source Alan Bundy
lazte of Issue 8 Maw 1981

1, Descrirtion

This is 3 rational reconstruction of the second rart of Evan’s srodgram to solve
Geometric Ansloswe Froblems [Evans 64y Bundy 801, It uses the descrirtions of
geometric fidures to form 2 rules arrlies this rule to form the descrirtion of

+ answer fidgure and then uses this descrirtion to select an amswer from those
rrovided, The first rart of Evan’‘s rrodramy in which fisure descrirtions are
formed from 2 cartesiazmn rerresentationy is not attemrted,

2, Method of Use

To use the srodgram, ture
run FLLE: UTIL

and in resronse to the rromrt ture
consult(/PLL: EVANS ),

The tor level rredicater evansy will then be avazilable, evans takes 5
arguments: the names of fidures Ay By C3 2 list of rossible znswer fidgures and
a8 varisble, If it succeeds then evans binds this variable to one of the answer
figures, As it rums evans rrints descrirtions of the rules it forms and the
answer figures these suddgest.

For the rrogram to works assertions must be rresent in the datasbase describing
the fidgures Ay By C a3nd the rossible zanswer figures zand relsting obdects in
fidgure A to obdects in fidgure B z2nd obdects in figure C to obdects in esach of
the answer figures. Some examrles of the sort of assertions recuired are given
in file FLL! FIGURE and 3 selection are rerroduced in examrle 2-1 below.



obects{(fidgasLtrilstri2l).
relations{figar[Linsidestrilstri2ld1).

obdects(figh,Ltri3l).,
relastions(fighsL[]).

similarities(fidgayfighy[[triZstrilrdirectls
Ctrilstri3slscaley2d111).,

obJects(figecrLsauarerscirclel).,
relations(fidgersLlinsidersauarercirclell).,

Figure 2-1! Assertions to Describe Inrut Figures

- obJdects takes z fidure mname and 3 list of the obdects occuring in the
figure,

- relations takes &z fidgure neme and 2 list of sumbolic descristions
describing the figure.

- gimilarities takes two fidure names anmd 2 list of similarities betwen
obJdects in the two fidures,

The file» FLL?! FIGURE,» can be inrut by turing
consult( FLL! FIGURE’).,

The rarticular assertions definmning fidae, figbh and fidc diven azboves rlus
similar ones for figl-3 will then be in the databazse amd the czll

evsns(f‘iSa,f‘ismf*iSCvEf‘isi;f‘ig.?yfis:’nfigthfist’;z <)

vANs).:] will then succeed and bind Ans to fidg4,

3+ How it Works

The tor level rredicatesevanss is defined zs follows {(omitting rrint messages)?

evans(FigArFidBEsFigCrAnslistrAns) -
find.rule{FigAsFigEsRule),
arrlu.rule(RulesFigCrAnsOb.dsrAnsRelssSims) y
select. result(FigCranslistsansibhirAnsRelssSimssAns).,



2

find.rule takes the names of figures A and K 2nd forms 2 descrirtion of the
~rule relating them., arpplu_rule takes this rule and arrlies it +to Tisure Co»
rroducing 2 descrirtion of the asnswer fisure and similarities between figure C
and the answer figure, select_result tskes these descrirtions 2z2nd comerzres
them to the available arnswer figsures wuntil it finds 2 match.

find_.rule is defined as follows!

find.rule(FidA»FigBsRule) -
relations(FigAsSource)r relztions(FigBksTardet)s
obdects(FidAralist) oblects(FigBsRlist),
similarities(FigAsFigRsTrirles):
select.set(TrirlessMatches)
takezwaul(AlistsMatchessRemovals) s
takeawsul(BlistyMatchesrAdds) s
make_rule(RemovalsrAddssMatches»SourcerTargetsRule) .,

e first five subrrocedures rick wur the rrestored descrirtions of the two
rigures., The rredicate select.set ricks 2 ledgzl subsets Matchess of the
similarite descrirtions between obJdects inm figure A a2rnd B, The rule descristion
is based on this subset, On backur 2 different subset will be chosen and 2
different rule formed. Obdects occuring in figure Ay but rnot involved in =2
match are then selected by takeawawl and these become the Removals,

Similarlws takeawaw?2 finds those obdects occurring in figure Ey but nmt
involved in & match and these become the Adds, A rule descrirtion is then

.formed from these comronents by make_rule.

select._set and the two takeawaus are fairly strzightforward list manirulations
tut make.rule reauires some exrlanation. It is defined =zs follows?

make.rule{RemovalsrAddssMatchessSourcesTardetsRule) (-
marlist(firstsMatchess»Srairs)r marlist(secondsMatchessTrairs),
arrend(Removals»SrairssL1l)» arrend(LlsTrairs:L2)»
arrend(L2rAddsyConsts)y
unbind{(ConstssSubsts) s
subst(Substssyrule(RemovalsrAddssMatches»SourcersTardget)sRule).,

A rule descrirtion consists of the rredicate rule with five asrduments?

- A list of obJdects to be removeds
- A list of obJdects to be zdded;

- A list of matches between ob.ectsi .

The relations in the source fisure and
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- The relations in the tardget figure,

These are rrettw much as surrlied to make.rule excert that the actuzl constants
inherited from the initizl figure descrirtions have to be chansged for Frolodg
variablesy so that the rule can be arrlied to figure C.

The first five subrrocedures of the make_rule definition consist of making 3
lists Constss of 211 the obdect names arrearing in the Removal» Adds and
Matches. A substitution is them built by unbind, in which ezch of these obdect
names is associsted with 2 different Frolodg variasble., subst +thern substitutes
these wvariables for the obdects in the rule descristion. The definitions of
unbinds first and second are straightforward and the definitions of marlist and
subst are diven in the Mecho utilitw rrodgram librarw,

The definition of arplu.rule is dgiven below.

arrlu.rule(rule(RemovalssAddssMatches»SourcesTardget)
FigCs» aAnsObldssTardetsMatches) -
relations(FigC Figliesc)y obldects(FidgC,0blist) >
setea(FidgllescrSource)
marlist{secondsMatchessNewlList)» zrrend(NewlistsAdds,»aAanslb.ds),

The first two subrrocedures recover the descrirtion of figure C., The rredicate
setea then rattern matches the relzstions in figure C with the rule source
descrirtionsy which binds the first half of the similarity descrirstions in
Matches., setea is set ecuality angd is described in the Mecho utilities
librare. The ob.dects in the arnswer figure are calculated bw arrending the Adds
to the obdects in the second half of the similarite descrirtions in Matches.,

The definiton oif select._.result is?

select. .result(FigCs[FigNiRestlsAnsObisrsAnsRelsransSimssFigN) -
relations(FigNsNRels)s setea(NRelsrAnsRels):
similarities(FigCryFigNsNSims)y sete(NSims+AnsSims)»
obdects(FigN:NObhJs)y» setec(NObJdssrAnsObds).

select. result(FigCy[FigNiRestlsAnsOblisrArnsRelssAnsSimssaAns) 1~
select. result(FigCsRestrAnsObdsrAnsRelsrAnsSimssAns) .,

select_result is defirmed by recursion on the list of available answers, If it
recurses to the ends of this list them it failsy and evans backs ur to form 2
new rule. The second clause is merelw the recursive ster! the first clause
makes the interesting comrarisons,. FigN is the first answer figure name in the
list. In turn the relationsy obdects and similarities of FigN are found in  the
databaser and these are comrared with Figl using setea, FigN is returned as the
answer iff the clause succeeds. Otherwise select.result recurses,



4, Program Reauirements

The Frolog sustem takes 30K words and FLL? UTILs FPLL: EVANSy FLL: FIGURE 2nd

working srace require an additiomnal 21K words, The following reredicates are
used bw the rrodgram?

ans.desc(3) ans..is(l) arrend(3) arrlu_rule(S)
evans () find_.rule(3) first(2) make.rule(é)
marlist(3) member{2) obJdects(2) rroblemli (1)
rroblem2(1) Froblem3(l) relations(2) rule_is(l)
second(2) select_ result(édlselect._set(2) select.setl(4)
setec() similarities(3) subst(3) subtract(3)
takeawawl(3) takeawarw2(3) unbind(2) writef(2)
REFERENCES
Bundw 801
Bundus A,

Additional A1l sroblem solving ootes.,
Occasional Farer 22y llert. of Artificizl Intellisgences
Edimburghs Sertember, 1980,

LEvans 641
Evansy T.06,

A heuristic srodram to solve deometric zanalogy rroblems,
Je8SICCe » ArTily 1964,



Rai1mnal Reconstruction af u1nston Learﬁ1ng Fragram
~Aian Rundy 1.12.80
err510n for functions X/

;:fﬁ Tor Level Frogiram - learn new concert X/
UK o e X/

SXFirst time onlw accert an examrle X/
winston(Concert) I~ I
writefi{‘'Flease dive me an examrle of 2 %t \n’s [Concertl).
read(BEx)s Nl
make. . reo(&ﬁnceptsEvade59ERec),
marlist{(gensuml{rlato) EQbisCOL.Js)
make.subst(EQbds,COblds s Subst) s
subst (SubstsERecsCRec)»
marlist(add. ursyCRecsCliefnrn)
assert{definition{ConcertCObUs Cllefrn) )
winstonl (Concest) .,

¥ Is drew aresz in definition eliminated? X/
instonl(Concert) -
definition{ConcertsC0bds:Clefnrn)»
checklist{same »ClletTrnls i
writef(‘I have learnt the concert of %t now, \n’s [Concertl),

ZXSubsequently accert either examrles or nesr misses X/

winstonli(Concert) - 1
writef({ ' Fleasse dive me an examrle or near miss of 2 %t. \m’'+» [Concertd)s
read(Ex)s nles ' :
writefi{ Is this examrle (wes,/mo.)7 \n'+01)
read{(YesNal)s nls
TJearn{ConcertsExsYesNo)»
winstonl (Concert).

/% add default uprer bhounds in concert record X/
add_urs{record{ArdgssNamesFosn)s definel{ArgssNamesL1sFosnl).

K slight modifwe to densumy so it can be used in marlist ¥/
ensqmi(Prefl s eNewConst?) (- s gensum(FrefixsNewlonstl,

X are urrer and lower bound of concert definition the same? ¥/
same{define(ArdssNamesFosnFosmr)).

X learn from this examrle or near miss %X/
Adearn(Concert: Examrler YesNo) 1- Iy
definition(ConcertyCO0Lds:Clefr)»
make_ rec{ConcertsExamrlesElbissERec )y
classife(ClhndsEQbhds»CllefnsERecsDiffsVerdict) s
learnl{(ConcertyIiffsYesNosVerdict).,

/X take records from list of relations %/
F K e e e o e e st e st o st i e s X/

ma?e rec{ConcertsExamrlesElbssERec) I~ 1
examrle(ExamrlesRelns)
marlist{consts.insRelnssCL)Y» flatten(CL:EQhds)»



marlist(convertsRelnssERec).

/¥ Find 211 constants in terms X/
consts. in{LIsL1).,

consts im{NL[ 1) i~
inteﬁer(N), by

consts_ in{Const: LConstl) -
atom{Constis 1,

consts. in{ExrsConsts) -
Eup =,, [SumidArds]ls marlisti{consts_.insArdgssCL)»
flatten(CLsyConsts)., '

FFlattern List %/
flatternd(L1,L1).

flatten([HdiTi1lrAns) i~
flatten(TlsRest)y union{Hd-RestraAns).

% Convert inrut relation stuwle into internzl rerresentation zs rredicate tree ¥
cornvert{Relrn: record{ArsgssNamesExFosr)) -

Reln =.,. [Fredidargsls

length(ArdssN)»

treei{NamesNsTree)

rosition{Fred: TreerExFosn).,

A% Find Position of Node in Tree %/
pasition(NodesTreeslll) -
: Tree =,, [NodeiSubTreesl,

rosition{Nodes Trees[NiFosnl) -
Tree =,, [RootiSubTreesls
nth.el{NSubTreessSubTreels
rosition(NodesSubTreesFosn),

A find nth element of list %/
stheel (L CHAITL s Had .

rth.el (NsTHA I TLIELY 3-
nth.el(FN:T1:E1L)s N is FN + 1.

A Is this examrles non-examrle or in srew arear by mw definition® X/
/B o e e i i i s s i s i S s B 1 s S 1 o s S e ot st b 94

classifuw(ClbldssEQDbdsClefrnrERecsBesthiff«Verdict) - 1»
findall(Diffs make diff(ClhisEQbdssCDefrnsERec s DifF)s Diffs)s
best(DiffssBegtUiff)s
verdict(Besthiff:Verdict).

A  Findg the difference hetween examrle znd concert ¥/

make diff{COhidsE0bdssy CliefrsERecsDiff) - 1.
rerm{Edbds EObds1)y make subst(EObusl CObds»Subst).
subst{SubstsERecERecl) s
rair.off(ChefrnsEReclsTiff),

 /X¥Fair off concert defimition and examrle record to make differences %/
raiv.off (000002 3= 1, :



PBlP of f{LlsERcsIifT) 1~ 1
marlist{new.defrrsERecsDifT). )

ﬁ@air”aff<cnefn,c3,niff> f- 1y
marlist{extra.recClhefrnDiff2.,

rgir_off{ldefine(ArdssNameslUrFosnsLowFosn) | Clhefrnls
ERecs
Ladiffer{ArgssNamesUrFosnsExFosnslowFosnsVerdict)y | Diffl) §-

select(record(ArgssNamesExFosn)sERecsRest)s
comrare(lrFPosnsExFosnsLowFosnsVerdict) s
rair.off{ClhlafrsRest Diff).,

AKX dnvent mew hits of definition as necessary X/
new..defn{record{(Args NamerExFosn)
differ(ArdssName:LI1rExFosn IfFosn«Verdict)) -
dqefazult. . rosni{Nzmes IfFosn) s
comrare(llsExFaosns IfFosnsVerdict) .,

¥ invent extra bhits of examrle record as necessarwe X/
swtra.rec(define(ArdsyNamerUrFosnrLowFosn) s
dqiffer{ArdgssNamesUrFosnIfFosnrl.owFosnsVerdict))y -
default. . rosni{NameIfFosnl»
comrarel(lUrFosn: IfFosnsLowFosnsVerdict) .,

¥ Find rosition of default rredicate on tree %X/
default. . rosn{TreeNamesFosn) -
defasult(TreeNamesFredls I
tree(TreeNamers s Treedsy rosition{FredsTreesFosn),

default. rosn(TreeNames[1).,

¥ Comrare rositions in tree to dgive verdict %/
comrarel(lsEsLowes) 1~ arrendils_sE)s 1,
comrare(lrErl sgrew) 11— arrend{Us_sE)s I,
comrare(UsEslonod) 1~ 1,

¥ Find best differernce and return it %/

aest(MiffssDiff) (- 1
marlist(score:NiffssScores)
lowest(DiffssScoressDiffsScare),

/¥ Return difference with lowest score %/
lowest (CifflsCScorelDiffsScore) - 1,

lowest(LHifFfliliffsls [ScoreliScoresls LHiff2s Score2) -
lOwESt(ﬂiffs;QCQPES!Hlfnyscarez}9 Score2<Scorels 1,

lowest(LDifFiliffsls [Score!Scoresls Oiffs, Score) i~ 1,
{
¥ Find score of difference X/
score(lliffsScore) - i,
marlist(scorel:Diffs»Scores)y
sumlist{(Scores:Score).,

/% Find score of individuzl differ %/
scorel(differ{. s s r_rv_sues)y 0) - 1,

e i ., S T




s

scorel(differ(_r_s_s_s_ssgrewds 1) 3~ 1,
S‘C_OT‘E-.‘I(dif‘fer(....yw.r..,_,9....!!“:0)9 2 1- 1,

/¥ a3dd ur 311l the numbers in & list %/
sumlist([ls 0.

Caumlist(INiRestls Totzl) i- 1.

' sumlist(Rest»SubTr: Total is SubT + N,

/X Make s Quhstitutimn for rerlacing 311l members of one list
by corresronding members of znother list ¥/
make_ subst{LlsLlrtrue)d.,

make_ subst(LXiXRestl LY I YRestIsX=Y & Suhst) -
make. . subst{XRestsYRestSubst?).,

A% llecide whether examrle fazlls inside definition om basis of differs ¥/
verdict({(liffrues) - checklisti{verdictl(ges)»Uifflis |,

verdict(Diffsno) - some(verdicti{(no) »Diffr: 1,

verdict(liffsgrew) - somel{verdictl(grew)sNiff)rs I,

¥ verdict omn individuzl differ %/
verdictl (Ve differ{ s v r..s_ U2,

X adiust definmition sarerorriztely %/
I e e st s e s s s e s s e ¥/

A i f new examrle found X/

learnl(ConcertsDiffruessdrew) {- 1

» writef{(‘'This is 2 mew sort of %t. \n‘y [Concertl),
marlist{lubsDiffsNew)s
retract{definition(ConcertyCObdss01ld) )
asserti{definition(ConcertCObJssNew) ).,

X if near miss found X/
learnl(ConcertyNiffrrnorgrey) - I
" writef(’This limits mw idez of %t. \n’'s [Concertl):s
one.of(excludesDiffsDifflds
marlist(diff. to_defrslifflsNew):
retract{(definition(Concertsy(0h.iss01d) )
aggsert{definition{(Corncert sCOblsNew) ),

X if mothing new is discovered X/
learnl{ConcertyiffsAdreesAdgres) - 1,
writef(‘l have seern one of these hefore. \m’s[1).,

7% or if contradiction is discovered ¥/

- learnl(Concert:DiffrAsreesllicsadrea) {1~ |
writef(‘Unh 0Ohs somethinds done wrong. I will thinmk adgain.\n’sL1)s
fail.

/¥ Move lower definition ur 3 bit to include new examrle X/
lub(differ{ArdssNamesUrFosnsExFosns0ldsdgreu) s
define(ArdssNamer>UrFosnsNew)) - |,
common{ExFosn:0ldsNew) .,

%{* Lower definition zlresdwy includes new examrle ¥/
Aub(differ(ArdgssNamesUrFosnsExFosnsLowFosnsues) s
define(Args:NamesUrFosnslowFosn)) - 1,



/¥ Move urrer definition down 2 bit to exclude near miss %X/
exclude(differ{ArdssName»DldsExFosnsLowFosnsgrew)
differ(ArdgssNamesNewrExFosnsLowFosnsgrew)) 1~ 1y
common(ExFosnsLowFosnsComm) s arrend{(Comms [N _JslLowFosn)s
arrend(Comms LNIsNew)d .,

/¥ Take unnecessarw bits out of difference %X/
diff.to_ defr{(differ{argssNamersUrFosnsExFosnsLowFosnsVerdict)
define(ArdcsNamesUrFosns LowFosn) ).,

A% Find common initizal sublist of two lists %/
common{INIRestlls [NIRest2ls [NiRestl) - I+
common{RestlRestlrRest).,

common({listlisList201) 1 1,

/X chande Just ome member of list %/
one_of {(Frores [01diTlly [NewiT1l) - arrlui(Frors[0ld:Newl),
one_of(Frores [Hdi0ldlds [HdiNewl) 3I- one.of{Fror:0ldsNaw),

X Find out what greg a2reazs still exist in concert X/
grew{Concert) 11— I
writef(/'Grew arezs in 4Zt arei\n’sL[Concertl).
definition(Concert s CObUssCliefr)
checklist(grevwlsClefnr).,

grevwl (define(ArdssNamesFosnsFosnd )y - 1,

grevwl (llefrn) 1~ |y
write(llefri)s nl.




o/%Eren
Winston arch domain

ylan Bundy 5.,12,80
alee with winston X/

- /% srace of descrirtion trees %X/
: spaceiarch;thapetree9touchtree;orlenttreeydlrectzontree,aupporttreej)*

/¥ descrirtion tree X/
tree{sharetreerslsshare(rrism(weddgerblock) sruramid) ).

tree(touchtreers2stouchrel (seraratestouchimarriessabuts) ),
default(touchtreesserarate), X defzult rredicate

tree(orienttreesrisorientation{(luingsstanding)’,
tree(directiontreesZrvdirection{(leftofrightof)).,

tree(surrorttrees2rundef (surrortsrunsurrorts) ),

X Examrles and nesr misses X/

examrle(srchly Lhlock(a)s block{b)s block{c):
standing(a)s standing(b)s luing(cl:s
leftofiash):.
surrartsi(ascl)r surrortsi{brcly
marriesi{ascls marries(csals marries(b:cl)y marrviesi{icsnlil),

examrle(archly [bhlock{al)s Dlockib)» wedge(c):
standing(a)s standing(b)y luwing(c):
leftofi(asrb),
surrortsi(arcl)» surrorts(bscls )
marriesi(arscly marries{(csa)y marries(bsc)s marriesic:H)]1),

examrled(arch3y [hlock{a)s block{b)s blockic):s
standing(a)» standing(h), luwing(c):
leftofi{astz)»
surrorts(arscls surrartsi(bsc)y
abuyts(arsc)s abuts(cral)y abutsibhec)y abuts(csbi 1,

axamrle(arohnly [hlock{a)s bhlock{b)s blockic):.
standing(z)s standing(b), luing(cl
leftof(ash)s ’
surraorts(arclr surrortsibhec),
marries(zsc)» marries(csals marrviesi{bscC)r marriesicsbl
marries{(arH)y marries(bsz?l).,

examrle(archnds [block(a)s blockib)s block(c):
standing(a),» standing(b)s luing(c)s
leftofi(asbhl)y
marries{(arclr» marriesi(csa)» marriesi(hsc)r marries{csHd1),

examrle(archnd: [block(a): block{b)s blockic),
standind(sls standing(bls luingi{c):
leftofi(astidl),



Samrle of Session with Frolog Winston

i P- winston(arch).
Flease give me an examrle of a2 arch
i1t archl. :

Flease dive me an examrle or near miss of a arch.
1 ~y
13 arch2.

Is this examrle (4es./N0.)7
i1: ves,

This is a2 new sort of arch.

Flease dive me an examrle or near miss of 3 a2rch.
IR ]

1t archl.

Is this examrle (9es./nNo.)7?
17 ges.,

This is a8 new sort of arch. ‘
Flease dgive me an examrle or near miss of s arch.
i archnl.

Is this examrle (wes./No.)7
1t no.

This limits mw idea of arch.
Flease dive me an examrle or near miss of 2 arch.
13 archn,.

Is this examrle (9Ues./no.)7?
[ R
1 ¢ TIO

This limits mw idea of arch.
Flease dive me an examrle or near miss of a arch,
1+ archni3.

Is this examrle (wes./No.)7
i e
1¢ MO

I have seen ome of these before.
Flease dive me an examrle or near miss of 2 arch.

i - drew(arch).

Grew areas in arch are!
define(lrlatollssharetrees[1s[1,27)
define(lrlato2lssharetrees[1s[11)
define(lrlatoIlrsharetrees[1s[1,21)
define(lrlatolrrlato2lstouchtrees[1y[21)
define(lrlato2srlatollrtouchtree[1,021)
define(lrlatodrsrlatollstouchtreesLIs[11)
define(LrlatoZrsrlatol3lstouchtreey[1,L21)
define(lrlatodrrlatoZlrstouchtrees[IsL21)
define(lrlatollrorienttreeyL1:.[21)
define(lrlato2lsorienttrees[1:L11)
define(lrlato3lsorienttrees[1,s[2]1)
define(lrlatolsrlato3lsdirectiontreesL1>,[11)




" define(lrlatolrrlatol2lrsurrorttreesLIL11)




FRarchl

- Winston arch domain

Alan Bunde 5.12.80

use with winston

version with functions %/

/¥ descrirtion trees %/
Lree(sharetreeslsshere(rrism{weddesblock)sruramidl ).,

tres{touchtreersZrtouchrel (seraratestouch(marriessabuts) ).,
default{touchtreerserarate). % default rredicate

tree(orienttreeslirorientation(lvingsstanding) ).,
tree(directiontreersZrdirection{leftofsrightof)).,

tree(surrorttrees2rundef(surrortsrunsurrorts) ),

¥ Examrles and near misses X/

examrled(arcnly [block{lri(z))s block(rri(zl): blocki{tm(z)):
standing(lr(al)),» standing(rr(a)) luing{(tmi{z?):
leftof(lri{alrrr(al)),
surrorts(lri{a)stm(z))sy surrortsi(rr(z)stmizl),
marries{lr(a)rtmi{z))s marries(rri(za)stmiz)) 1 Y,

aexamrlel(arcny [bhlock{lr(z))s blocki(rr{(z))y weddel(tmiz))»
standing(lr(a))y standing(rr(za))s luing(tmizl).
lefltof(ls(a)srr(al),
surrorts(lr(alsrtmia))y surrortsi(rr(z)stmial)}:
marries{ls(a3)rtmi{z))s marries(rr(a)stmiz)) 1 3,

examrle(archdy [block{(lr(alrs blockirr{(z))s blocki{tmi{z)),
standing(lr{(a))y standing(rr(a))s luwins{(tmi{z)):
leftof(lr(a)srr(z)),
surrorts(lr(a)stm(z))ry surrortsi(rer(alstmiz)),
aghuts{lr(z)stmiz))y abutsi(rr(a)stmiazd) 1 ).

examrle(archnl, Chlock(lr(3))s bhlock{(rr(z)): block{tmiz)):,
standing(lr(a))y standing(rr{(a))s luins{tmi{z)):
leftof{lr(alrrr(a)):
asurrarts(lr(z)rstmizl)r surrortsirr(alstmiz)),

marries{(l#r{(2)stmi{za)) marries(rer{(zl)stmiz))s» marries(lri(zlsrei(a))

examrle(archnys [hlock{lr(2))s blocki{rse(2))s blocki{tmi(z)):
standinsg(lr(a))y standing(rr{(a))r luingitmi(a));
leftof(le(a)srr(al))s
marries{lr(a)stmia))y marries(rel(al)stmia)) 1 2,

examrle{(archnidy [block{lr(a))s block{rr(a))» blocki{tmi{z)).
standing(lr(a)), standing(rr(a))s leing(tmi{z)i
leftof{lr{(a)srr(al)l).




T

/

/% isol

efinition of Isolation srace and examrles for Winston

Alan Bundwg 18.2.81 %/

/% Fredicate Trees %/

Frogsram

tree(occurtreers2roccur.rel{freeofrcontzinsisingdleoccrmulioce) ).,
default(occurtreesfreeof).

tree(simtreesPysim.rel (different{unrelatedrsinverselsident) ).,
default{simtreerunrelated).,

/K Examrles and near Misses %/

examrle(isoll.

examrle(isall.

examrle(isol3y

-~

Hamrele(isolds

examrle(isolSs

wamrle(isoldy

Leingleocc(wrexrr_at{lis2lsbefaorel ).,
freesof{vsexrr.at{(Llsllsbeforeldd,
freeof (xrexrr_at([2lsbeforel) ).

i 2
N
S 4«3y = ‘:

identi{exrr.agt(LlislIrvbeforelrexrrostilZr1lrafterd))
inent{exrr_at{lls21rbeforelsexrr_at(lilrafter) )
ident(exrr.at{([2irbeforel)rexrr_ a2t ([2:21rafter) ).

inverse{sun.at{(Lllsbefore)ssum{l2Irafter)) 1

Leindleocci{vrexrr_.at(lls2]rheforel)d:.
contazinsi{xsexrr.at{Lis1lrbefore)),
freeof(xvseurr.at{l2]sbeforel)),

) N

ident{exrr_at{(Llsllrbefore)rsexrr.at([2s1lrafter)),
ident{exwrr_at{lls2lsheforel)sexpr_ati{llilsafter)),
ident(exrr.at(l2lsbeforel)rexrr.at(L2y»2]rafter)),

inverse(sum.at{(Lllsbeforel)saum(l2lrafterd)

Leindleoccixsexrr_at{Ll2]sbaforeld
freeof{yrsexrr.at{llsllsbeforel ),
contains{(xsexrr_at(l2]lrbeforeld).

3.

icdent{exrr_azt(Lisidsbeforelrsexrr_ at(L2s1lrafterl)).,
ident(evrr_ at(Lis2dsbeforel)rsexurr_at(lilrafteri)s
ident{exrr.at{([2]lrbeforel)sexrr_at([2y2]rafter) )

inversei{sum. .at(Llilrbefore)rsum{l2lsafter)) 1

Lsingleocc(rrexrr_at{lls2Tsheforal) )l
freeof(drexrr.at{(llsilrsbeforel )
freeaf(drexrr_zt{l2]rbeforel))

Y

different(exrroat(lislidrbeforelrseurr_ at([2y1lsafter))
ident{(exrr.at{(Ll:2]sheforel)reurr_.at{(Llilsafter)d
ident{exrr.at([2lrsheforel)reurr_at{([2+20safter) )

inverse{sum._.at{{l1lshefored)ssum{l2lsafter’y 1

Leingleocc(xrexprr.at(ll:21shefore) ),
freeof(xrexrr_agt(Llslilrbeforel)s
freeof(drexrr_at{([2]1sbefore) ).

Y.

ident(exrr_2t{(Llislilsbefore)rsevpr_at({2s1dsafterd).,
different{exrr.at(ll:21sbhefore)rexrr_at{f1lsafter))s
igdent(exrr_at(l2]lsbeforel)sexrr_at(L2s2Tsafter) ),

inversel(sum.at{{1lshefore)ssum{l2dsafter)) ]

Lesingleoco(urexrr_at{l{ls2Tsbeforae) )
freeof(drewprr_at{llisidsbeforel )
freeof{(rexrr_at{[2]sbeforel) ),

Y



ident{exrr_at(llsllsbefore)rexrr_.at(L2s1]safter)),
ident(exrr_at([is2lsbefore)rexrr.at{lilzfter)).
different(exrr_ at{[2Isbeforel)rexpr_2t([2,21safterd).
inverse(sum.at(lllsbeforel)rssumi{l2l2fter)) 1 ).

examrle(isnl?y [singleocc(xrexrr.at(Lls21sbeforel):,
freeof (rsexrr_at(Lls1])rheforel)l.
freeof(drexrr_.at(L2]sbeforel )
ident(exrr_at(llsllrbheforel)rsexrr_at(LZs11safterd)),
ident{exrr.at(Lis2Isbheforel)rsexrr._ at(lllsafterlt).,
ident(exrr_ azt([2lsbeforelrexrr..at([2:2]ratter) ),
unrelated{(sum.at(Lilsbeforedrssum(2lrafterl) 1 ).

examrle(isol8ry [multocoi{xrexrr_.at{([ls2]sbeforel)l
' freesof(Mrexrr.at(lisllsbeforel ).,
freeof(xrexrr_at{(l2]sbeforel )
ident{exdrr.atilis1llsheforelrexpr_at{lZsyllrafter)):.
ident(exrr_ at{lls21rhefore)reurr_at(Lllsrafterid,
ident(edrr.at{([2Isbefore)rexrr_ 2t ([2+s2dsafter) ),
inversef(sum.at{(Lllsbeforedssum(l2Isafter)) 1 ),



"Utilities rachkase
Fpolodg-10 version 3

1 P [winstlseisolld,

winstitCOnsulted 2230 words 0,90 sec,
isol consulted 1610 words 0,45 sec,
Cwes

PP winstond{isol).

Flease dive me an examrle of 2 isol

t: isoll,

Flesse dive me an examrle or mear miss of 2 isol.
i ¢ : 3

i1 ds0l?.

Tes this examrle {(yes./ To.)7
R 3
1 e Qe

&
frie limits mu idez of isol.

clease dive me zn examrle or mesar miss of 2 isol.
e s ;

1d isoll.,

Is this examrle (wes, Mo.)7

LI 3

e Qe

This limits mw idea of isol.

Flease dive me an examrle or near miss of 2 isol.
T & o e gen ]

1 oisold,

Is this examrle (des./To,) 7
1K 3
1t s 10

This limits mg ideas of isol.,
Flesse give me an examrle or near mise of 2 isol.
1 ¢ - [

t: isold,

Is this examrle (wes./Mo.) 7
Yoo

This limits mw ides of isol.

Flease dive me an examrle or mear miss of a2 isol.
1 e .

13 dizsolé.,

Is this edamrle (wes./mo.)7T

1 %

e e

L Execution asborted

i P dreg(isal)l.,

Grew areas in isol arel
define(lrlaztolrexrr.at(Ll:21rrlato2)lsoccurtrees L1031 1)

define(lexpr_.at([2]rrlatod)rseurr st (L2:20srlatod)drsimtreeL1.020)

dqefine(lsum.at{l{l1lrrlato?)ssum({2lplatod)Irsimtree, Ll [1:21)

wes
i T winstonl{isol), .
Flease dgive me an examrle or near miss of 2 isol.
[ 1 3 o

11 is0lé.



Is this examrle (wes./Mo.)7
11 mo.

This limits mw ides of isol. .
Flease give me amn examele or near miss of 3 isol.
e . . : .

11 isol?.

Is this examrle (wes./NMo.)7T
[ 3
18+ e

This limits mw ides of isol.

Flease dgive me an examrle or nmear miss of 2 isol.
e )

i1 dsol8,

Is this evamrle (wes,./mo, )T

[ 4

1+ e

This limits mu idea of isol.
I have learnt the concert of isol now.

409
i P grewl(isoll.,
Grew areas in isol arel

wEE
i T core 51712 (235352 lo-sed 4+ 28140 hi-seg)
hear 18432 = 14933 in use + 3477 free
global 1218 = 16 inm use + 1202 free
local 1024 = 16 in use + 1008 free
trail all o= QO in use + 511 free

22:49 sec,. for 25 6Cs gzining 446683 words
1.98 sec, for 12 local shifts z2rnd 110 trzil shifts
38.49 sec.s runtime.
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“/%block

Winston. block domain -~ simrle test examrle

Alan Bundg 4.12.80
use with winston X/

_. /% srace of descrirtion tree(s) X/
- srace(blockslsharetreel).

/% descrirtion tree(s) %/
tree(sharetreeslyshare(rrism{vweddeshlock)sruramicdl) ).,

/* Examrle and mnear miss X/
examrle(blocklLbhlock(al)1).,

evamrle(weddelyLweddge(tr) 1),




=f37*starch It is difficult for the urntrained fisher

Winston arch domain to follow examrles of this comrlexitv so
Alan Bundy 5.12.80 here is 2 simrle concert! two weddHes.

use with winston %/

/% srace of descrirtion trees X/ }
srace(rairy % each concert must have 3 srace’ is this XXrightXx?
Csharetreestouchtreesorienttreel).,

/¥ descrirtion tree X/
“tree(sharetreerlryshare(weddesblock) ).,
tree(touchtrees2ytouchrel (seraratertouch)).

tree(orienttreeslirorientation({lvindrsstanding) ).

A Examrles

examrle(rly [wedde(al)s wedde(hl)s
standing(al)s luwing(bl)s serarzte(hls z31)
1),

examrle(r2, Lwedde(z32)yr wedde(bhl)s
standindg(a2)y standing(b2)y touch(22sh2)
1),

‘examprle(r3y [weddge(a3)y wedde(bh3)s
lging(a3)y lwing(h3)
1.

Y4 Near misses

examrlel(nly [block(a4)s block(b4),
standing(s4)y luindg(b4)s serarate(bd, =24)
1), % two similar thindgs» but not weddes

examrle(ny [weddge(a5)» wedde(bS)y weddge(cS)s
standing(a3)r standing(hS)y touch(zaS:cS)
1), Z one wedde too many

examrle(nds [wedde(z6)s
standing(zsé)
1. 4 one wedde too few
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DEFARTMENT OF ARTIFICIAL INTELLIGENCE
FROLOG FROGRAM LIEBRARY
FROGRAM SFECIFICATION

Erodgram dName The Winston-Flotkin—-Youndg-Linz Learning Frodgram

Sounce Alam Bundw
late of Issue 8 Maw 1981

1. Descrirtion

This is &2 rational reconstruction of Winston‘s rrograms [Winstom 731 for
1
learning new concertss e.dg. the arch, It takes descrirtions of sepecimenss
1iich  can be either examrles of arches or mear misses to archesy and usecs them
to refime its definitiorm of am arch.e The ratiomnzal reconstructing was done bhw
Flotkins Youmg and Lirmzes as rerorted (2ll too brieflw) in [Younmg et 21 771,
Their essential advance over Winstomn was to keer tuwo defining descrirtions
aroundd an uwurrer and  lower bound? and use incoming evidence to tre to move
these descrirtions closer todgether,

2+ Method of Use

To use the rrodgrams: ture
run FPLLS UTIL

rand in resronse to the rromet ture
consult(’FLLI WINST ).

The tor level rredicates winstonr will then be avazilahble, winston tazkes one
argument?! the name of the concert to be learnts e.d, arch. If wou call

In this rFrodgram srecification we will use ‘arch’ as the running examrle.
Readers mavw safelw deneralize ‘arch’ to ‘concert’» wherever it arrearss eMcert
when indicated to the comtraryg,.



winston{(arch)

thern the rrodgram will sromet vou for the name of 2 rarticular arch. It will
use this to initialize its lower bound arch descrirtiont! the urrer one being
initislized to the contentless descrirtion. The rrodgram will rromet wou for
the name of either arn arch or 3 near miss. It will them ask wou whether this is
an examrley to which wou must rerlw either ‘wes’ or ‘Mo’ All rerlies Lo
"rromets must be terminated with full stors carriadge return.

The esrogram will continge to reromrt uwou with recuests for examrles or
near-missesy until its urrer and lower bound descrirtions coincide szt which
roint it will arnnounce that it has learnt the concert arnd will exit winston.

If the evidence wou rrovide is already known to the rrodgram them it will saw
so. If it thinks gou have rrovided contradictory evidernce then it will saw soy
try to back ur to remake some choicer and then collarse in 3 hear,

To make the rrodgram work wou must have comriled the following informstion?

- A definition of the descrirstion srace of the concert vou want learnt.

-~ Descrirtions of each of the examrles and mear misses to he inrut to
the rFrogram.

The information required for the concert ‘arch’ can be fournd in file FPLL?
ARCH.FRE. It can be inrut by turing

consult(’/FLLY ARCH.FRE ).

The descrirtion of 2 srecimen is diven by the sredicztes srecimen. This
rredicate taskes two ardguments! the name of the srecimens and 2 list of defining
rrorositionss e.dg.

srecimen{archlys [block(a)y blocki(h)sy block(c):,
standing(a)s standing(bh)y luinsg(c):
leftof(asbr),
surrorts(arcl)y surrorts(bsc),

marries(arc)r marries(csa)r marries(bsc)sr marries(cosb)]).,

The rredicates used in these descrirtions must be arranged into trees of
related rFredicatess and these trees described with the rredicater tree., tree
takes three ardguments! the name of the tree: the common =aritw of =211 the

rredicates in it snd the tree itselfs rerresented 25 3 nested term of
rredicatess e.d.

tree(touchtrees2rtouchrel (seraratestouchimarriessabuts)) ),



2
4

This tree is diagrammed in figure 3-1. touchrel is a contentless rredicate.
Two obdects may either touch or be serarzte., Two touching obdects maw either
marry or abut., Orne of these rredicates can be marked 25 2 default with the
binary rredicatey defaults e.d,

default(touchtreerserarate).

Fimalley 3 list of those rredicate trees» which can be used in defining the
concerty must be given. This is dome with the binary rredicater seacer which
takes the mame of the corncert and the list of z3llowed treess e.d,

srace(archslsharetreertouchtreesorienttreesdirectiontreerssurrorttreel).,

3+ How it Works

Wwe first describe the data-structures used bw the rrodgram and then dive an
overview of the rrodgdram.

3.1, Data-Structures

The esrogram’s descrirtion of a2 concert consists of 2 set of rredicate treess
with two rointers into each tree! one rerresenting an urrer bound: 2nd one 2
lower bound. Each relations in the incoming srecimen descrirtions is translazsted
into a8 rredicste trees with 2 rointer to the relazstion’s rredicate (see figure
3""1)0

- If everw srecimen rointer is below the lower bound then the srecimen
is krnown to be an examele.

- If ome srecimen rointer is azsbove the urrer bound thern the srecimen is
krnown ool to be an examrler but to be 3 near-miss.

- Otherwise» one srecimen rointer must lie in the dgrew arez between the
urrer and lower bound angd  the rerogram does not zlreade know the
status of the srecimen. On being told the statusy it cam modifw its
definitions by either raising its lower bound to include the srecimen
rointer (e.dg, +to rredicate ‘touch’ in figure 3-1)s or lowering its
urrer bound to exclude the srecimen rointer f{(e.,dg, to rredicate
‘marries’ in figure 3-1).

Note that there will be different rredicate trees for different combhinztions of

arguments to the <same rredicater e.dg, for asbutsi(arsc)s abutsiarh) andg
abuts(cral)r say,.
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A set of eredicate trees is rerresented bw 3 list of terms! ezch term
rerresenting 2 rredicate tree together with rointers. Faor instances in the
case of the definitiorn of a2 concerty 23 turical term might be

define(lrlatolsrlatold3ly touchtrees [1y [2s11)

define is & four argument function! the second ardument is the rname of the
trees the first dives the combination of argumenrts received bhw the rredicates
of this trees and the third and fourth dive the rositions of the urrer and
lower boundss resrectivelw, The constants used 2s arguments in 28 concert
definition are zalwaws called rlatoN» because thew are idezl obdects., Fositions
in the tree are diven bw lists of rositive intedgers which srecify which arcs to
follow to +traverse the tree from the root to the rredicate being rointed to.
The emrtw list srecifies the root. The examrle azbove corresronds +to  the
situation in figure 3-1,

touchrel (urrer bound rosition)
1
serarate
marries
(lower (srecimen
boundg rosition)

rosition)

Figure 3-1! A Fredicate Tree with Fointers

The descrirtion of 3 srecimen is recorded in 3 similar fashion. The term in
this case is constructed from 2 termary functions records e.d.

record(Larcls touchtree, [2:21)

where 2 and ¢ are constants mentioned in the oridginzl srecimen descristion.

Once 3 match has been established between the (rlatonic) constazrnts of the

definition and the rarticular constants of the sFecimers e,
{a/rlatols b/Flatodr» c/rlato3}r then 2 difference descrirtion is built us. This
is 8 8lso a3 list of termss but constructed from the six ardgument Ffurnctions

differs e.d,

differ(Lrlatols rlatol3ls touchtrees [l1sy [2:2]y [2+1]1s grew)
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This contzins: not onlyy the information from the record and define terms» but
also the status of the srecimens e.dg, gred.

3.2. Program Overview

The srodgram is divided into four rarts.

1+ Tor level inrut/outrut rrocedures, The verwy tor level rFrocedure is
winston, described aboves but the heart of the rrodgram is the
Frocedure learns which links together the remaining three rarts of
the rrogram.

learn(Concerts Srecimeny YesNo) -~ l»
definition(ConcertyCOb.ssCliefn)»
make_rec(ConcertsSrecimers»EO0bldssERec)
classifu(COblds+EQbdssCllefnsERecsiffsVerdict)
learnl(ConcertsyDiffsYesNorsVerdict),

learn takes three inrut arguments! the concert to be learnts the
current srecimens and its status asccording to the user. learn
modifwus the rrodram’s concert definition arrrorriatelw.

2. Procedures +to translate the oridginzsl inrut descrirtions into the
intermnal rerresentation as 2 set of rredicate trees with rointers.
The tor level rrocedure of this rart is make.recy which tzkes the
concert and the srecimen and returns the internal descrirtion of the
latter 35 3 list of constants and 2 list of rredicate tree records.

3. FProcedures to match the constants inm the srecimen descrirtion
against those in the stored definition and to classifw the resulting
descrirtion as examrler near miss or drew. The tor level rrocedure
of this rart is classifus which takes the constants and rredicate
trees from both the concert definmition a2nd the srecimens and formse
first a difference descrirtion and then 28 classification of +the
srecimen’s status.

4, Frocedures to act arrrorriately to this classificationy in
rarticulary to addust the stored definition of the concert when the
incoming srecimen is classified as ‘drew’, The tor level rrocedure
of this rart is 1learnly which tazkes the concerts difference
descrirtion and the status of the srecimen according to hoth the
user and the rrogram.

The best match between the incoming srecimen and the defimition is fourmd din 23
crude heuristic waw., The heuristic is that even non—-examrles (rear misses) will
be almost examrles. All matches of obdects are tried., For each assigrment zll
corresronding rredicate trees are comrared, A score for the a2ssignment is



S

or 1»
above

totted wur! each rair of rredicate trees contributing either O 2
aecording to whether the srecimen rointer arrears below the lower bound.s
the uerer bound or in between. The assigrment with the lowest score wins.,

It can haeren that the concert definition contaimns 2 rredicate tree which does
not corresrond to any tree in the srecimen descrirtions or vice versa., In such
cases the rrogram a2ssumes that the missing tree is rrovided with 2 rointer to

the default rredicate in

rositiony

the

4, FProdgram Recuirements

The

bw the rFrodram?

add..urs(2)
checklist(2)
consts..in(2)
definition(3)
Findall(3)
‘drew(l)
lowest(4)
make_subst (3)
one..of(3)
same(l)
somef{2)
sumlist(2)
verdictl(2)

TWinston 751

Frolodg sustem recuires 30K words.,
working srace reauire a3 further 26K words,

arrend(3)
classifu(é
convert(2)
diff_ . to_.defn(2)
flatten()
grewl(l)
lub(2)
marlist(3)
rair.off(3)
score(2)
srace()
tree(l)
winston(l)

case
and a2 rointer to the tree root in

of =a

FLL3

arerlu(2)
common{(3)
default(2)
exclude(2)
gensem(2)
learn(3)
make. . diff(3)
new..defrn(2)
rerm(2)
scorel(2)
srecimen()
union(3)
winstonl (1)
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Note 79 _ Alan Bundy
23 April 1981

LANGUAGE ACQUISTION USING THE WINSTON... PROGRAM

In this note I want to explore the application of the Winston... program to
the language acquisition problem studied by Pat Langley with his AMBER program.
In particular, I want to address the question as to whether the Winston...
technique can be used to obtain the discrimination process used by AMBER.

1. The Description Space
Using the Winston... technique, means building, as a concept definition, the
condition part of a production rule like,

action & asing & present & process -> is
or
agent & aplural -> s

where the first rule means

Use 'is' as a prefix when describing an action and when the agent is
singular and the action is in the present and is a process.

and the second rule means

Use 's' as a suffix, when describing an agent and when the agent is
plural.

We will use a description space consisting of 7 relation trees. All the

relations will be nullary, although in a pukka version of the program a nullary -

relation like 'asing' might be translated into agent(X) & singular(X), etc.
The trees are all shallow, one level deep, with two or three arcs. They are
represented in figure 1-1.

2. Specimen Induction
The first modification required to Winston... is to get it to induce its own
specimens¥* by the following technique.

1. The current state of the concept definition will be used to generate
the condition of the rule.

2. This rule will be used to generate the child's utterance.

3. The context of the utterance will be used to get the specimen
descripuvion.

4, The adult utterance will be used to classify the specimen as an
example or near or far miss,

We will assume a mechanism, like AMBER's, to do step 2 and concentrate on steps
1. and 4. (step 3 is trivial).

¥Where a specimen is either an example, a near miss or a far miss,



1. top 2. top

agent action object asing aplural
3. ////Bpg\\\\\ y, top

adef aindef past present future
process noprocess osing \\\\\\\oplural
i /top\

odef oindef

) Figure 1-1: Pescription Space for Language Acquistion

Consider step 1: the use of the current concept definition to generate the
rule condition. Each relation tree in the definition will give rise to a single
condition. Which node of the tree should be used? In his comparison of Winston
and AMBER, Pat assumed that the lower bound would be used in each case, but
this is not the only possibility. One could use any node between the upper and
lower bound. We will consider two cases: using all the lower bounds and using
all the upper bounds. We will see that using all upper bounds leads to a
discrimination type process, very like AMBER's.

3. Conditions Formed From Upper Bounds

Consider this case first: that the upper bound of each tree contributes a
condition. The initial position of the upper bound in each tree is the root
node, marked ‘top'. The lower bounds need to be initialized by an example. Let
us suppose the child hears an adult use 'is' in the context

action & asing & adef & present & process & oplural & odef

these relations will then be adopted as the initiai 1lower bounds. The
condition of the rule generated.by the current definition consists of 7 'tops'.
Since 'top' is a contentless relation we will omit occurrences of it, so that
the current rule is

-> is

The child will now apply the rule in some situation, listen to the adult
utterance in this situation and, hence, classify the rule application as being



correct, an error of commmission or an error of omission.®¥ The regular cases
are summarised in figure 3-1.

Correct - Do Nothing

-------------------------- Upper Boundary
Commission - Miss
-------------------------- Target Point
Correct - Example
-------------------------- Lower Boundary

Correct - Example (but no action)

Figure 3-1: Cases that Arise when Upper Bounds are Used

Suppose that an error of commission is detected and that the context is

agent & asing & adef & present & process & oplural & odef

This context becomes the description of a near-miss specimen. This is a
near-miss, rather than a far-miss, because there is only one grey relation,
i.e. only one relation, 'agent', lies in the grey area of the current concept
definition. The concept definition can now be updated by moving the upper
bound of the first relation tree down from 'top' to ‘'action'. The rule
generated by the upper bounds of the current concept description will contain a
non-trivial condition, namely 'action', i.e. it is

action -> is

Suppose that the error of commission was created in a far-miss context, that
is, there is more than one grey relation, e.g.

agent & asing & aindef & present & process & oplural & odef

where both 'agent' and 'aindef' are grey relations. The present version cf the
Winston... program would pick orne ¢f them at random and use this as the
"discrimination relation, i.e. move the upper bound of its relation tree down.
Here is an important difference from AMBER. If AMBER has not yet got a major
relation (agent, action or object) in its rule coundition then it tries to pick
a major, grey relation as discrimination relation. 1In this case, then, AMBER
would choose 'agent'. If the condition already includes a major relation or if
the context contains no major grey relation, then AMBER forms a new rule for
each grey relation. It might be possible to modify the Winston.. program to do
things the AMBER way, although it means keeping a whole set of concept
definitions around. .

If Winston... makes a bad choice when picking the discrimination relation in
a far-miss then the resulting concept definition will generate faulty rules:
rules that can cause errors of omission as well as errors of commission. We
will see that an error of omission indicates that a bad choice has been made

%¥Actually, omission errors carnot happen this time, but they can if the upper
bounds get screwed up.



and that the program should back-up and remake the choice.* So let us suppose
that in the example above that the program chooses the grey relation 'aindef!
and moves the upper bound of the third tree down to 'adef'. This concept
definition will generate the rule

adef -> is

Suppose that this rule is used by the child and causes an error of omission,
in the context

action & asing & aindef & present & process & oplural & odef

This context constitutes an example description, but one which lies in the
non-example part of the current concept defiintion. The Winston... program
will back-up, remake the choice of discrimination relation (rejecting 'aindef!
and picking 'agent') and then treat the new context as an example, moving the
lower bound of the third tree up from ‘'adef' to 'top'.*¥ This comstitutes a
difference from AMBER: an erroneous rule has been erased, whereas AMBER keeps
such rules around, but with a low strength.

The final case to consider is when the rule has been used correctly. There
are two subcases: when the rule has correctly not fired and when it correctly
has fired. We only do anything in the second case. For instance, if the rule
has correctly fired and the context is

action & asing & aindef & present & process & osing & oindef

This context constitutes an example description. Each grey relation, osing and
oindef, will cause the lower bound in the correspcnding tree to be lifted (to
'top' in each case). Note that, if this example had come earlier it would have
merged the upper and lower bounds of the third tree and prevented the erroneous
choice of 'aindef' as the discrimination relation. This is an improvement over
AMBER.

4, Conditions Formed From Lower Bounds

Now we consider what happens if the lower bounds are used to generate rule
conditions. This is the process implied by Pat in his contrast of the Winston
generalization technique and his discrimination technique. We must consider
two cases; according to whether the rule is used correctly or causes an error
of omission.** These cases are summarised in figure 4-1.,

Suppose the initial example is as before then the rule generated from the
lower bounds is

¥In terms of figure 2-1 the target point has been moved up above the upper
boundary. ‘

®At least, it should, but this part of the program has never been tested.

#%¥Errors of commission cannot happen, since conditions generated from the
lower bounds are always conservative and, unlike the upper bounds, can never be
erroneous.



Correct - Miss (but no action)
--------- —— Upper Boundary
Correct - Miss
-------------------------- Target Point
Omission - Example

B Lower Boundary
Correct - Do Nothing

Figure 4-1: Cases that Arise when Lower Bounds are Used

action & asing & adef & present & process & oplural & odef -> is

We consider first the case when the rule is applied correctly. If the rule
fired correctly then there is nothing further to do. However, if the rule was
not fired, and should not have been, then the new context may still serve as a
miss. Suppose the new context is

-

agent & asing & aindef & present & process & oplural & odef

This contains two grey relations, ‘'agent' and 'aindef', one of which must be
chosen as the discrimination relation. Let us suppose that 'aindef' is
incorrectly chosen and the upper bound of the third tree is moved down to merge
with the lower bound at ‘'adef'. The rule condition will be unchanged, but
behind the scenes the third tree has been firmed up.®* The context of an error
of omission serves as an example and if the upper bounds are erroncous (as
above) then it may first cause back-up. We will consider only the first case
(because it includes the second): i.e. the rule has not fired, but should
have, and the context is

action & asing & aindef & present & process & oplural & odef

The program will back-up; remake the choice of discrimination reiation (from
taindef' to 'agent'); restore the third tree; tring down the upper bound of the
.first tree to merge with the lower bound at 'action'; and then use the above
context as an example to raise the lower bound of the third tree to 'top'.

5. Summary

In the last two sections we have considered 6 cases: that conditions are
formed solely from the upper bounds or lower bounds and that in each case the
rule use is correct or leads to an error of either commission or omission. We
summarise the results in table 5-1.

Correct Commission Omission
Upper Do Nothing Miss Example, will
Bound or Example (Near or Far) cause Back-up
Lower Do Nothing Cannot Example, may
Bound or Miss Happen cause Back-up

Table 5-1: Summary of Action on the Six Cases

%Erronecusly, of course - the target point of figure 4-1 has been moved above
the upper boundary.
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If rule conditions are generated from the lower bounds of the current
concept then the Winston... program behaves much as Pat Langley predicted it
would: starting with long, underestimating conditions and settling the rules
with 1long conditions quicker than those with short conditions. If rule
conditions are generated from the upper bounds of the current concept, however,
then the Winston... program behaves much as Pat's own AMBER program: starting
with short, overestimating conditions and settling the rules with short
conditions quicker than those with long conditions. Thus the rationally
reconstructed Winston... program unifies the o0ld Winston generalization
technique and Langley's discrimination technique. Presumably, generating rule
conditions from a hybrid of upper and lower bounds would produce a hybrid
generalization/discrimination technique, and this possibility might be worth
exploring.

Note that a rule's conditions may not change during several episodes, even
though the underlying concept definition is changing. Thus, if the conditions
are being generated from the upper bounds and some examples come in causing
changes to the lower bounds then the conditions will not (cannot) reflect thkis
change. Hence, if the upper bounds are being used and the condition is short,
then the condition may become settled early on, subsequent episodes appearing
not to change anything, however, these episodes will firm up the conditions by
moving the lower bounds up to merge with the upper bounds. If all these
episodes are counted in the story of rule formation then rules with short
conditions and those with long conditions will take similar lengths of time,
despite appearances to the contrary. Dual remarks hold when lower bounds are
used to generate rule conditions.
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#tional Reconstruction of Winston Learning FrogTvem : >y
lamn Bunds 1,12.80%/ it

/X Top'Level Frodram ~ learn new concert X/
FH e e e e et e s st s e e X/

ZFirst time onlw accert am examerle ¥/

winston{Concert) - I
writef(’'Flease dive me an examrle of 2 %t \n’» [Concertl),
read(Ex)s nls ' ‘
mabke.rec(ConcertsExEQbdssyEReC)
marlist{dgensuml (rlato)»EQ0bissCObds)
make.subst(EDblsCOblssSubst)y
supst(SubstsERecCRec)
marlist(add. ursyCRecsCliefr)
assert{definition{ConcertCObids:Cliefrn) ),
winstonl (Concert) .

¥ Is dsrew aresz in definition eliminated? ¥/
winstonl{(Concert) -
gdefinition{(ConcertsClbssClefr).
checklist(sameCliefrn)s I
writef('l have learnt the concert of %t rnow. \n’'s L[Corcesrtl).,

kSubsecuently accert either evamrles or mear misses X/

winstonl (Concert) - 1 3
writef({ Flease dgive me an examrle or near miss of 2 %t. \n’s [Concertl)
read(Ex)s nly S
writef(’ Is this examrle (wes,./Mo.)7 \n'sL1)s
read{YesNaol)r nl-»
learn(ConcertsExs YesNo)
winstonl{Concert),

¥ add default urrer bounds in concert record X/

//'/* Find rosition of default sredicate on tree ¥/
default.rosn{TreeNamersFosn) -
defasult(TreeNzmnesFred)s | )
tree(TreeNamer s Treed)s rosition(Fred:Tree:Fosn).,

default. rosn{TreeNamesL1).,

i
e

¥ slight modife to Sensuyms so it can be used in marlist X/
gensuml (Frefixs_ sNewlConst) - 1» densum(FrefixsNewConst),.

/% are urrer and lower bound of concert definition the same? X/
same (define(ArdssNamesFosnsFosnl ).,

A% learn from this examele or near miss X/
learn(Concerts Examrles YesNo) i~ |
' definition{(Concert»CO0bdssCllefr),
make_.rec{ConcertrExamrleEObJssEReC) »
classife(COb.sEDbds»ClhefrsERecsDiffsVerdict) s B
learni(ConcertsDiffrYesNosVerdict)., S




7% Make records from list of relations %/
R o o e e s e s s e e e L

make.rec{ConcertsExamnrlesElbdssERec) -~ 1y
srace(ConcertyTreelist)s examrlel(ExamrlesRelns).
obdeLin(RelnsEQb.s)»
form.records(Treel.istsRelns:E0hds»ERec).,

¥ Find 311 obdects mentioned in relations %/
obds..in(Cls L),
obds.in(lRelniRelrnsds Obds) (- 1.,

Relrn =,. [FrediArgs]s

obds.in{Relns»0bdsl)» union{Ards:Dhdsl»0bds),

F¥ Chandge each relation into 2 record %/
form.records(LIsLI1+sEQbldsyL1),

form.records{[TreeName ! Treel.istls Relnsi, Obldss Recs) - I
tree{TreeNameraritesTreel:
findall{Fermsrerm(ObdssAritusFerm)sFerms) s
form.record(TreeNamerRelnslFermssRecslisRelns2)
fnrm”recnrﬁs(TreeLJqtrRelnsﬁyﬂbJSsRecsﬁ)s
arrend(RecslsRecsZrRecs) .

/% Chandge the relations relevant to a2 tree into definitions %/
form_ record{NamesRelns+LIsLIRKelns),

% relation of arrrorrizte ture is in listr so convert it X/
form.recordi{NamesRelnsls[FermiFermsls[record(FermsNamesFosn) iReclsRelns3) -
tres(NamesaritusTree)d ‘
rosition(FredsTreesFosn)y Relrn =, [FrediFerml:»
select{RelnsRelnslsRelns2)y |
form.record(NamesRelns2sFermsrRecsRelns3) .,

K there is no relation so insert defazult rosition ¥/
form.record{(NameRelnslisL[FPermiFermslrsLrecord(FermsNemesliefault) iRecl:Relns2) i~
form.record{NamesRelnslisFermssRecsRelns2) .
default_ _rosn{Name:llefault).,

‘K fimd rerm of n elements of list %/
carml{lists Qs 1),

rarmilHA I TLIsNeFerm) - N=O»
' FN ig N ~ 1»
rerm(Tl:sFNsFerml)y
arrend{FrontsBacksFerml)s arrend{(Fronts[HdiBacklFerm).

rorm{LHAdIT1IsNsFerm) -
NxOsy length(TlsM)s Mir=N»
rerm{TlsNsFerm}.

/% Find Fosition of Node in Tree %/
rosition(NodesTrees[]) I~
Tree =,, [Node!SubTreesl.

.rosition{NodesTree:[NiFosnl) 1-
Tree =,. LRootiSubTreesls
nth.el{(NSubTrees»SubTreel:
rosition({(NodesSubTreesFosn).




R

f**?lnd nth element of list %/

ﬂﬁﬁﬁh el(i;LHd T1JsHe)

¥ ntho.el (Ny[HA!ITLIIsELY $-
nth..el(FNsT1E1)s N is FN + 1.

% Is this examPIEy non—-examele or in dgrew aress bw my defimition? %/
I e e o et o e et o s e X/

classifuw(ClbdsyEdQbdssCllefrsERecBesthiiffsVerdict) 1~ 1y
fimdal L(iffs make. dlff(CqumyEDbJﬁsCDefn:ERecynlfT)p Diffsls
best(lliffsrBestDiff).
verdict(BesthiffsVerdict).

¥ Find the differernce between examrle and concert ¥/

Cmake difF(CObdssEQbUssCllefrnisERecyDiff)Y -~ 1
serm{E0Dds»EO0bds1l)y make_ _subst{(EdbJisl CObdssSubst)»
subst{(SubstsERecrERecl)»
rair.off{(ChefrisERecl Hiffi.,

¥Fair off concert defimnition and examrle record to mzke differences %X/
girvr.af 00000 3 1,

rair.off{ldefine(ArdgssNamesUrFosnslowFosn) | Cliefrnls
ERecs
Cdiffer{ArdssNamesUrFosnsExPosnslowFosnsVerdict) | Diffl) -

select{record{ardgss:NamerExFosn)sERecsRest)s 1
comeare (UsFosnrsExFosnsLowFaosnsVerdict)
rair.off(CllefrisRestyDiff),

rair.off{ClhefrnsERecDiff) -
writef(‘Evrror! defrn %21 and erec %1 do not match \nm':LClhefrnsERecl)y
abort.

/¥ Comsare rositions in tree to give verdict ¥/
comrare(lUsErlrues) I- arrend(ls_»E)s I,
comrare(UsErlsgrew) - aprendi{ls._.»EXs» |,
comrare(lUsErsLsnod - 1,

% Find best difference and return it ¥/

wat(Diffgiff) 1~ 1
marlist{scoresHiffs»Scores)s
lowest{lliffssScoressDiffrScorel.,

/% Returm differernce with lowest score %/
lowest(LRiffIs[ScorelslliffsScore) - 1,

lowest(LOiffliliffels ESCOPQl#Scoreajy Hiff2s Score2) i1-
lowest{DiffssScoressNiff2yScore2)s Scorel<Scorels 1.

lowest{([RiffiDiffslsy L[S core.Scores]; Liffs Scored) i1i- 1,

/¥ Find score of difference %X/

gscore(lliffsScore) 11— |
marlist(scorelsDiffsBcores),
sumlist(ScoressScorel.

/% Find score of individual differ ¥/
scorel{differ{_r_ s s r_ruea)sy 0) (- |,
scorel{differd{_ v_s_v_s_sdreuds 1) -1,




scorel{differ(. s s_s_s_sno)s 20 - 1,

/% add ur 211 the mumbers in 2 list %/
sumlist(Lls 0.,

sumlist([CNiRestls Total) - !
sumlist(RestS5SubT)s Total is SubT + N,

¥ Make a3 substitution for rerlacing 311 members of orne list
e corresronding members of another list %/
make_ subst(LleLIrtrue),

make_ subst{[XiXRestlsLYIYRestlsX=Y & Subst) -
make.subst (XRestrYRest»Subst).,

X DNecide whether examrle falls inside definition on bassis of differs X/
verdict(liffrues) - checklist(verdicti(wes)syDifflr, I,

verdict{Diffsno) - somel{verdicti{nal) sIiffr, 1.,

verdict(lliffsgrew) - some({verdictl(drew)sHiffl), 1.,

% verdict on individuzl differ %X/
erdictl (Vs differ{_ s r_ s_.v..2VU)),

X adiust definition arerorrizatels X/
S o o o et e b 94

X if new examrle found X/

learnl(Concert s Diffruessrdreyw) - I
writef{'This is 2 new sort of Zt. \n‘s [Concertl)s
marlist(lubs i ffryNow) s
retract(definition{Concert CO0bLJs»01a) )
assert(definition(ConcertsCObldssNew) ).,

A if rnear miss found X/

learnl(ConcertsDiffrrnorssgrew) 31— 1
writef(’This limits mw idea of %Zt. \n’s [Concesrtl),
one_of(excludesDifFsDifTL)y
marlist(diff_ to.defrnyliffl,sNew):
retract{(definition(Concert COblds»Qldl )
agssert{definition{Concert COb.sNew) ).,

A% if nmothing mew is discovered X/
learnl(ConcertsliffrAdreerAdres) - |
writef(’1l have seen one of these before. \nm’' 201,

/*‘or if conmtradiction is discovered X/

learnl(ConcertsNiffrAgreeslicsadrea) 1~ s
writef(/Uh Ohs somethings dHone wrong, I will thinmk adgain.\n’ L1
fail.

/% Move lower defimition us 2 bit to include new e”ample ¥/
lub(differ(ArgssNamesUrFosnsExFosnsOldrgrev)
define(ArdgssNamerUrFosnsNew)) - Iy
common{ExFosnsQldsNew)d .,

Ik Lawer definition already includes new examrle X/

lub(differ(ArdssNamesUrFosrsExFosnsLowFosnsues)
':define(Arﬁs:NamepUPPosn;LowPosn)) HESIE BN




K ove*ﬁhper definition down 2 bit to exclude near miss X/

‘;éxclude(differ(APQSpNameyUld: “FPosnslowFosnsdreg)

A

=

one._.of (Frors [Hd101ldly [HdiNewl)

differ(ArdssiNemesNewrExFosnsLowFosnrgreg)) 11— |
: common{ExFosnsLowFosnsComm)» arrend{CommsLCN!_JsLowFosnl),
arrend{Comms LN] s New) .

X Take urnnmecessary bits out of differernce %/
diff.to.defn{differ(ArdssNamerlUrPosnsExFosnrLowFosnVerdict).
define{ArdssNamerUrFosnsLowFosn) ).

/% Find common initizl sublist of two lists X/
common{LNIRestlly [NIiRest2ls [NiRestl) - 1.
common{Rest] rRestZrRKest).,

common(Listlsligt201) - 1,
¥ chande Just one member of list %X/

one_of (Frory [01diT1ds [NewiT11) 1~ arrle{Frors[0ldsNewl).,
- one.of{FrorsQldsNew),

e B

% Find out what dSrey areas still exist in concest X/
grewi{loncert) - 1
‘writef(’Grey areas in %t arei\n’sLConcertl),
definition{Concert COb.s»Cliefrn)
checklist{gregl Clefn).

greul (define{Ardgss NamesFosnsFosn)) - 1,

grewl (llefrn) t~ 1y
write(lefrnd): nl.




FREDICATE

oheck overlar/3

combines3
“aagdgressd
-
find.onesd
Fres .ol d
is.variabhlesl
make. rairs3
marands
M a
memeroti S 2
aoe/d
subet /3
unifu/3

LowiTws4

urdate /32

¥ FROLOG

FILE

UL fu
il Fu
i fu
Ui f
i fw
L fu
il fu
wtilitw
gtilitw
ubilits
wtilitw
unifs
Ll fu

Ll fy

3K K KRR KO R KCHOKOOKOR KKK OR300 K K
CROSE REFERENCE LISTING ¥
S KRR O RO IO OR ORI Ok

Unifw Xref

CALLED BY

combine/3

unifus4

unifwe/4 find_oones 4
disasdree/4 find_.onesd
make_rsir/3

make_ rairs/3

unifw/4

combines 3
check..overlar/3
free_of /2

unifwe/4 urdates3

unife/ 3 unifue/4

Cyser> combines 3



/"
SR OUNIFY.

Umificastion

srocedure for
See B0 of artificizl

first order logic
Mathematicians.,

(with occurs check)

Alarn Bunow 10,.7.81 %/
s e ” . ég
¥ Tor Level ¥/
unifelbarly Exrds Subst) 1- A To unifye two edrressions
und FullExely BExeds trues Supst), ¥ Start with emety substitution
SE Unife with outeut and ineot substitutions %/
wndfu sy Euss Subste Subst)., 2 If evrressions zre identicals succeodd
Ui Fe{Exrley Exrdy 01aSubsts AnsSubst) - 4 otherwige
disagsree(ExrlsExrlsTLe T2, “Z find first dissgreement rair
make. . mrair{(TLlsT2sFair), A make 2 substitution out of them: if ros

combine(Fair«JlaoSubst s NewSubst) s

sunst{FairsbExrrl sNewExrlly 4 arrlw it Lo exrressions
subtst{FairsbarlsNewbpdy :
unifuiNewExel s NewEer2sNewSubhstransSubst ) % oand recu

A Finmag

tieasrea el s By

Foae] =,
Suml N\m=

tisadree(Byel B
L Wl o=,
L

A Fing first

toidooned DHo o

Fimd.oned{TLLl: T13

findoone! CHal |

disasree(Hal sHadl,

A% Trae to mske

make rair(TL1sT2:T1=T2) -
is.variabhle(Tl):.
frea. of {Tl:T2).,

mabke_ rair{Tl: TZs

is.variabhle(TI)y

free..of (T2

X Buy convention?
ig.varizihle(u).
is.varisbledd).

Uissdreement Fair

I L%am:ﬁrﬁvljp
indLoone{Ardel Ardgs?

disadgresmnent rsir in

L ¥4

rRebvrl s Ewed) -

FSuml e Exerd =, [S8um2i_ls A If exrs nave dif
Sum2s 1, # function swumbals then su
2eTle T2y 1~ otherwis

gl =, ,
!Tl!T’)e

CQumiArdgsls fimg the

and recuy

oo e

ardgument list ¥/

Tidds CHed b T123eT17T33 i 1 % If heads are ide
Py T1sT22 s A fino disagreemen
TLILds CHaA2 | T120T1T2) i~
TisT2)e 1, % else find it in
supstitution out of rzir of terms %/
A T1=T2 is 5 suitzble substitution
“o0ifF TL is 2 variazsble a2nd
T2 is free of T1
T2=T1Lr» i~
“oor if T2 i s variable anag
e Tl # T1 is free of T2

Medemsiiey and w oare the onlw varizbles X/
is.ovarizbledv)., is_variable(w).
ig_variablel(w)., is.variatle(=z),

4 combine thise wit

1 oinrut subst

ree

ferent
coeed

e
ir ar
ree

suments

ntical then
t in rest of lis

fieads .,



A% T is free of X X/

Froo of(XeT) I- oool(XeT:0), A it X occurs O times in T

X Combine new substitution rair with old subpstitution %/

comirine(Faire OlaSubsts NewSubst) -

marand{urdatelFair) 01dSubstsSubnstl e A oarrly new rzir to old subst
chieck _overlar(FairsSubstl sNewSubst) ., % and delete zmbisuous zesigments

AR fArrly new wair to old substitution %X/
urcdate{fFzires Y=8, Y=&81) 1~ %4 oerely new szir to rhs of old subst
aubhst{FairsSs51),

Z IT X de bound to something s2lrezdw thern idgnore it %/

check_ overlar{X=T,SubstsSubst) 1~ % lgnore X=T
memterohk (X=SySubst s 1, % if there z2lreadwe is an X=9

ctekloverlar(FairsSubstsFair & Subst), X otherwise don’t

N

SR MINT-FPROJECTS

1. Simerlify unife to 2 one waw matchers as rer =746 of ‘Artificizl
Mathematicians .

2 Generalize Unifw to 2 simultzneous unifier of 2 set of edrressionss
(gen.unify) as rer =80 of ‘Artificizl Mathemsticiazns’.

.3 Buila the zssocistivity axiom into unifw (gesoc_unifw)s z2s rer 82
of ‘artificial Msthemalticizns’ .

xS



SHOBIMFLE.,
Using FPROLOG as 2 theorem prm§9r3 *f/

An eouslity axioms examele.
Trw goal ‘eausliwsdi. .

Alan Buncwy  146.4.81 %/

eaual (ew) . 4 The Hurothesis
eanal{XsX), # The Reflexwive dAxiom
el {Ueld) I~ souzl{ldsU)s saualildsVl, % The Twisted Transitivitye Axiom

AR MINI-FROJECTS
1+ Trw sozl]l - pauzlivwex).

£ Evreriment by switching the order of the above axioms and treing

to _ osame sosl. What sort of bad behaviour emerges? How could it be
avoided? ‘

i, Eureriment witih different axiomss e.5, the dSrour theorwy examrle
from =92 of “artificiesl]l Mathematicians’.

¥/



e
2% EQuaL..

Clauses for the SIMPLE enuality examrle
Summetrw can be inferred from reflexivity and twisted transitivitu

Alarn Bundwe 22.6.81 %/

clause(hurothesiss [equal(xsu)ls [Jy inrut ). 4 Inrut clazuses
clause(reflexives Feauasl{XsX)1s [Cl1y inrut 2.

clause(twisted:s Ceaqual(UsW)ly Leaual{lUsV)sy equal{W:V)1ly inrut ).
clause(dgoals Cly Lecqual (usx)lry torclause). Z Tor clause



FREDICATE

arrend/3

trreadtisl
Tause s 4

~

Fimd.clauser 4

gersuns

s50S0

record.clauses3

rerest/ ]l

resolvesd

gselect/3

writefs 1

Writef/ 2

¥ PROLOG

3R O ORI RO O HOIOK RO OO R R A0
S REFERENCE LISTING %
A O R RO S OR OR KR RO ROk

Eousl a2rdd Bresdt Xref

FILE

utilitw

bresdl

@asl

bhreadt

utilitw

fireadt

treach

breadh

resdt

wtility

tilitw

ubilitw

CALLED BY

resolves/ 3
“0/0 breadtnsl

find.clauses/4

resolves/3 record.clauses/3

record.clasuses/3

resolve/s3

breadgtns/l

resolves3
recoard.clauses 3

record.clauses/ 3



&

w7 B

BREADTH.,

Breacdtn First Search Theorem Frover.
Wal., contains test evamrle.

arn Bunow l&a,6,.81 %/

 Tor Goal X7

yor Dipesatn(0),

£ Breazath Firet Sesron Stratesw ¥/

reacnthiNY -

Nl ds N+ls A Calculaste new derth
raerFazt{resolvedinrutsNeNLI ) 4 Form 211 resolvants at that desth
rereati{resolve(iNyinrutsN1) I
breaatniiNL) . 4 and recurse

¢ Reveast 28 many times zs rossible X/

speat (Gosl) 1~ Goals fail. % KReer trueing znag failing

srazt (Goal). . % oang succeed omly when wou run out of things to do

¥ Resolution Ster ¥/

wmaolvel Mle N2y W ) -

findoclause(Farentls Consequentl: Antecedentls NI1)» 4 Find clauses at
firnd.clsusei{Farent?, Conseauentd: antecedentZs NZ)» # arrrorrizte desth
select{literaly Conseauently RestConsel). # Tind 8 common literasl
selectiliteral, Antecedentd, RestaAnted), 4 return leftovers
arrend{RestConsely Conseauent?y Conseauent):s %A cobble leftovers tosgether
arrendl{Antecedentls RestanteZs Antecedent)s
record.clause{ConsecusntrAntecedentsNJ ., % record new clause

w Record Existence of New Clzuse ¥/

ecord. clauselllsLIeNY - % test for emrle clause

writef{ Success! Emrtw Clause Foundi\nixm s |y A tell user

abort. 4 and stos
acord.clsuse(lonseauent s Antecedent Ny - %4 test for loos

fimd.clause{(NamesConseauentrantecedent M) |, A odlse, clzuse with same inr
ecord.clause(fonsequentrAntecedent N} 31— 1y A orecord new olause

gernsumiclausesName ) » A omake ur new name

assert{clause (Namas Congeauent Antecedent NI 1 % zssert clause

writef{ 'zt is mamne of new resolvant %1 <- %1 at derth Zi\m\n’»

[Name s ConseauentsAntecedentsN1) ., A tell user

¥ Fimd 2 clause at dertn N K/

*

gl ause (Nane s ConseauentsAntecedent 0 31—
clause(Namer ConseauentAntecedentrtorclausel)s 1,



-
S
P

“indoclause{NenesConseauents AntecedentsN) §-
clause(NamesConseauentrantecedentsN) .,

HOMINI-FROJECTS
« Try this theorem srover with the clauses of file EdUaAL.

. Exrerimearnt v mabking ur some clauses of vour own 2nd treing them
TN} AN

N Modifwe the theorem srover to srint out the solution when it has
ourned 1t

s Moodife the theorem srover to remove the inrut restriction.

s HModifw the thsorem srover to incorrorate the literazsl selection
estrictbion.

» Budla & desth first theorem erover along the sazme lines.




lausel is name of new
ecual (g . 101)
eaual (4. 101)

at derth 1

slause? is name of new
earual (wsw)
at derth 2

claused is name of rnew
eatal (Myw)
at derth 2

cl@uae4 i name of new

eaual (v . 128)
eaual (127 .128)
eaual (. 127)

at. derth 2

claused is name of new
eausl(,..128)
eaual (L1327, 128
eaual (g,  127)
at derth 2

resalvant

resolvant

resolvant

resolvant

resalvant

Success! Emrtye Clause Found
[ Execution aborted 1
i - core 60416 (31232 lo-sed + 29184 hi-sed)
hear - 26112 = 23449 in use + 2463 free
lobal 1177 = 16 in use + 1161 free
local 1024 = 16 in use + 1008 free
trail 511 = QO in use + 511 free

0,65 sec. runtime



FREGICATE

mewarngs R

clausesd

mrare s g
evaluste /3
find.olauses/d

sensun/2
treuristicsl
richk. best 3
rick. best 3
Toord.aclausersd
resolvesd
gselect/3
sucCessorsd
yritef{i

writefs2

RO SRR R R SRR R OO OO OO R OR

¥ PROLOG

REFERENCE LISTING X

FO O OO O OO OO SO O O R

Fousl asng Heuris Xref

FILE

utilitw

[S3cIRE- 0]

fieuT

ifi

fEuris
neurLs
whilitbw
whilitw
feEuris
heuris
feuris
heuris
neuris
neuris
gtilitw

fEurLs

utilite

utilitw

CallLEDT BY

neyristicsl resolves3

£y

#00 sucoessor/2 resolves/d recordoclauses3
ricklbest/3 rick. best/5 find.clsusesd

rick. best/S

record.clauses/3 findoclausessd

fhieuristicsl

record.clauses/?

#0/,0 hewuristicsl
freuristicsl

sick. best/3 rick.obestsAD
resalvesd

successors 2

resolves/3

sysers nedristicdl
record.clsuses 3

record.clauses/ 3



HEURIS.

4 Heurisitic Search Theorem Frover.,
s@EUAL comtzins test examrle.

Slan Bumdg 19.6.81 %7

AR Tor Gosl X/

Hey o §e
clausel{Goals_ s storclausels
feuristic(LGoall),

A Heuristic Search Stratedwe X/

heuristic(Fringe) -

rick. best(FringesCurrentsRestis %A Fick the clsuse with best score
Finczall{Clzusersuccessor{Current Clause) sNewllauses)y 4 firmdzsll its succ
agrrendifestsNewllasusessNewFrindge) » %A Fut them on fringe

. fieuristiciNewF ringe)., % and recurse

A Clause dis & resolvant of Current with z2m inrut clause ¥/

successor{CurrentsClause) -
clavuse{Inruts s rinrut)s
{ resglve(lurrentsinrutsClause)

Fick an inrut clause
resolvel{InrutsCurrent:Clause) ).,
resolve it with the current clause

e pd

A% Resolution Stesr X/

resolve( Farentls Farent2» Resolvant) -

clavsei(PFarentlr Conseauentls Antecedentls N1)s 2
clzuse(Farentdy ConsecusntZ, Antecedentls N2«
selecti{literzl: Conseauentl: Restlonsel)ls
select(lLiterzly Antecedent?s RestAntel)s
arrendilestlonsely Consequent?s Conseauent)s

N grrend(Antecedentls Restantedr Antecedent)s
record.clsuse(ConseauentsantecedentsResolvant) . % Record the clsuse

a0

Get the two rarents

Select 2 common literal
and return the rest
Join the odd pits togeth

oo

X Record Existence of New Clasuse ¥/

record.clause(llyLlremrtwr - % test for emrtw clause
writef{'Success! Emrty Clause Foundisnisn’ds s ¥ tell the user
atwort . 4 and stor

recard.clavuse{Conseauent s AntecedentName) - % test for loog

clavseiNames ConseauentsantecedentsM)es 1+ fzil.,

record. clause(Conseauent s AntecedentsName) I~ le Z record rnew clause

gensem{clausesNamal % make ur 2 name
aevaluste(lonseguentrantecedentsN) sy % get score of clause
geserti{clause{NamerDonseauent AntecedentsN) ) s % mssert clause Lo

writef{ %t is name of new resolvaent 21 <- %1 with score ZXtinvm’e
CNames Conseauents AntecedentsN1), A tell user



*

.. "
T

’*wkvaluation Function on Clauses (lengsth of clzuse) %/

L

waluate(Consecuent santecedent»Score) i

length{Consecusnt0) s 4 ada length of rhs
lergthi{antecedentsA)s 4 to lensgth of lhs
Score is Ct+a, A to get clause lendgth

‘¥ Pick clause with best score (l.e.lowest) X/
ek pest{[HaiTLl:ChoiceRest) §-
clause(Hds . e sN)» % Get score of first clause
ik best(TlsHasNsChoicerRest), % and run down list remembering best so fa

sick bhest{[lsHasNsHd L), % When wou dget to the end return running score

siok best(CHAL I TL1 sHasNe Chodces [HAd3 1 Restd) -

clavuse{Hdls sy sN1)>» 4 Get score of first clause

comFasreiHdsNe MOl e N1 s HAZ N2 s HaZ s N3 » % Comrare witn runming score and o

rlck. best(TLL HaZy N2 ChoicerRest) ., A recurse witn new best score
Tt {Has N Ml s NT s H s NeHal o NLY 3 % oeut running score first

N o= Nie 1. % ounless new score is pect
somrare{HadsNeHol s NI sHal s N1 HdsND %4 (therwise rut mew score first

R Fimd 2 clause with score N X/

1

find.clause{NamesConseausntsantecedent:N) - 1 CAJL’t‘
clause{Names Consecuentrsantecedentrtorclausel)s 1 ﬁl -
evaluste(DonseauentsAntecedentsN) .,

find.clause{NamerDonseauentAntecedernts M) -
clausei{NamerConseauentsantecedent s NY,

g MINI“PHDJECTS
1 Tru this theaorem rrover with the eauslity clauses of EGQUAL.

2 Bureriment with clauses of wour own devisins,

2 Modifw the theorem rrover to srint out the solution whern it has
found it.

4, Mocdifw the theorem srover to remove the inrut restriction.
5. Exreriment with different versions of the evasluzation function bw
moci Twuing ‘evaluate’ (see gsection &6.5,.3 of ‘artificizl

Mathematicians ).,

b



ey e —
v
LY

Basl o - .
A

=34
T— heuristici{lH€oall).
lausel is name of mew resolvant
eaual (v, . 138)
eaual (s . 158)
with score 2

lause is name of new resolvant
ecual (yry)
with score 1

rlauseld is name of new resolvant
eaual (xrw)
with score 1

rlaused is name of new resolvant

v eaual (v 229)
eaual (228, 229
ecual (4. 228)

with score 3

*laused is name of new resolvant
eaual (2»..229)
eaual (L3228, _229)
eaual (v,  228)

with score 2

success! Emrty Clause Foundg

. Execution asborted 1

i - core 60928 (31744 lo-sedg + 29184 hi-sed)
hear 26624 = 23209 in use + 2715 free
g Tzl 1177 = 14 in use + 1161 free
lueal 1024 = 16 in use + 1008 free
trail 511 = QO in use + 511 free

0.01 sec, for 1 trail shift
0:80 sec. runtime




6 R R RO SO O OHE R R OR HOOIOKR OOk
¥ PROLOG CROSE REFERENCE LISTING X
RO IR ORISR HOOIOOR SOROOKCR $OOE R O ROk

Semants Model asnd livide Xref

FREDICATE FILE Cal.LED BY

aPP@ﬁq5§ tilite resolves/3 raramodulastes3

apﬁlsfﬁ wtilitw asomes 3

“Heckliang wtilitw model /2

olauses 4 divide s0/0 suyccessor/d resolvesd reramocdulstesd

record.clauses/3 modelsZ

avaluastesd moe ] Tuysers: evelustersd disotrues? is.falsesr?
gensumns/d wtilitw record.clauses/d
ﬁafO. semant
interrret/3 divide evaluates/3
interrretationl " divide satisfisblersl
its.falses/d ' mode ]l gsers model s 2
isLtruesd moeie ] Susersr model/ 2

ﬁl{%tiS whilitw avalustersd
‘model’ﬁ moie ] éatisfiableﬁl
raramocdulate /3 semsnt SUCCESSoTS 2
record.clauses/3 semant resolves3 rarsmocdulatesd
rerlaces/d semant Faramnodslstes/3
rarlacels/d semart rerlacesd rerlasced/d
rarlaced 4 semant
resolves/3 semsnt syceessors 2

satisfiablesl model vet sl



A
ngEanty Moodel and Divide Xref
-

2o

selects3 whilitw resolves3 rarsmocdulates/3
semantic/l zemant #0/0 semanticsl

gome/Z semant rerlacel /4 somes 3
sucCessors S semart semantic/l

vels/l meyie ] semsnticsl

writefs] utilitw record.clauses/ s

writef/ 2 ubilitw record.clause/3 satisfisnlesl

e T —




.

;y’ssamm .

3 Derth First Theorem Frover

4ith veltting bw use of interrretations and
incorrorating inegt restriction,

Jee witn MOUDEL

DIVIDE contasins test examele

Alan Burmddw 22,681 ¥/
A Toe Gozl X/
Ho o -

4 Finmg the
4 oand auwaw

clause{(Gozls s .storclausely
semantic{Goal).

X Desth first theorem
semantic{ld) 3

#rover X/

2

ayceessor{QldsNew) 4 Finmdg 2 successor
velh{Noew)s 4 check tnast it is

semantic{New) . 4 arnd recurse

A% Clause is 3 resolvant of Current with an ineut

v
*

syccessor{CurrentsClause)

claused(Inrute_ s sinrut)y 4

( resolve(CurrentsyinrFutsClause) %

resolvellnrFutsCurrentyClaused 3 “

raramocdul zte{CurrentyInrFutClause) & #%
Y

ravamocdulate{InrutCurrent:Clause)

A% Besolution Ster ¥/

+
L

Antecedentl .
Aantecedentls

Resolvant)
Conseauentls
Conseauentds

resalve! FParentl: Farernts
clausei(Farentl,
clausei{Farentls
selecti{literzly Comsecuentlr,. RestConsel)
selectil.iteral s dAntecedentlr Restanteld):s
arrend{(RestConsel» Conseauent?s Comnsecuent
arrand{Antecedentl Restanted, Antecedent)
record.clause{(Consequentsantecedent Resoly

¥ PFaramodulation Ster X/

?+

+

Faramodulant 2
Aantecedentls

raramodulated Fazrentls Farentds
clavsel{Parentl: Conseauentl»
clause(Farent?y Consecuent?: Antecedentd.
selecti{eauzl{T»5)y Consecuentl: RestlConsel
rerlace(T»Sylonsecuentsantecedent s Newlon
arrendi{RestConsel sNewConsedyDonseauent) s
arrend{Antecedentl s NewantelrAntecedent) s
recaord_clause{ConsecuentraAntecedent Faramo

tor clause
woL g0

to the current clazuse
unsatisfizshle

clause %/

Fick an insut clzuse
resolve it with the
current clause

or saramodulate 1t

I 4 Get the two rarents

)y
%4 Select 2 common literal
%4 and return the rest

)e 4 Join the odd bits togeth

antl): %4 Record the clause

) %4 Get tnhe two rarents

D]

Iy %4 select arn eauation :

seZsNewante2)» % rut it in the ot
% doin the odad bits todgetl

dulantl. AZrecord the clause



e

‘k Rerlace T bw & {(or & b T) in clause X/

E

rerlace(T S OladConseslldantesNewConses0ldante) 1- Z orearlace T bw 8 in
rerlacel (TS5 01ldlonsesNewlionse )., 4 othe conseuent
raslaece(TyS»01aConseyldantes0ldConsesNewante) - #or T bw 8 in
rerlacel(TsSydldAntesNewante) . . 4 the antecedent
rerlacel{Sy Tr0ldConseslldantesrNewlonses0ldante) - “Zoor 5 bwe T in
rerlazcel{S:»T:01ldConsesNewlonse), % the conseuent
rerlace{Sy T+s01laConse0ldAnte01lcdConsesNewAnte) - Aoor S bw T in
rerlacel (S T:01dantesNewaArnte), % the antecedent
K Rerlace T hw 8 in 0ld to det New %/
reslseel (TS QldsNewr §-
somel{rerlace2(TsS) s 01ldsNew) . 4 rerlasce aone of the literazls
remlace2{T:5sTsS) ., Z rerlace this ocourence
rer]lzee2{(TrSy01ldsNew) - % resrlace ane of the zrduments
: Dl =, [Suwm | OloArgs]s 4 dget the arguments
recslacel (TS 0ldArdss NewArss) s % rerlsce one
New =,, [Sum | NewArsisl. # eyt it 211 together adgain
¥ Record Existence of New Clause %X/
record.clause(lsLlremertu) -~ % test for emprty clause
writef{ Success! Empty Clazuse Fourndisn\m’)s 1o 4 tell user
ahort. %z and stor
record.clause{ConseauentysAntecedentsName) - %4 test for loor
clauseiNamesConsequentsantecedents ) |, % od.e, clause with szme

record.clause (ConsecuentrAntecedentsNMame) (-~ |y % record new clause
gernsumi{clausesName )y , 4 make ur new name
asserti{(clazuse{NamerConseauentsAntecedentrnew) ) % assert clause
writef{ %t is nasme of new resolvant 21 <- %1 s\msnfs
[NamesConsequentsAntecedentl), % tell user

K Arely Pred to Jdust one element of list X/

aome(Freds [Hdl | T1J1s [Ho2 + T131) 3~
areluw(Fredgsy [HoalsHA21) . % arrlw it to this one

some{Freds [Hd + T111ds L[Hd §+ T121) 31~
some( Freds Tlle: T12). 4z or one of the others
X MINI-FROJECTS

1. True out theorem rrover with the arithmetic clauses znd models of
file DIVIDE.

2¢  Exreriment with some clauses za2nd models of wour own devising {(See

in



L

harter 10 for some ideazs).

s Moditfw the theorem rrover so thst it works bw breadth first sesrch
(Comezre with Tile BREADT).

Y. Modifw the theorem rrover so that it works pe heuristic search
(Comrare with file HEURIS).

k/
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% MODEL.

low to evaluste a clause in an interrretation
Frovided it is variable freell)

ylam Bundwe 22.6.81 %/

‘X Vet the clause in any interrretations X/
et {(Clause) -

not satisfiable(Clause). % Clause has no model
‘¥ Clause is satisfiable in some Interrretation X/

iatisfisble(Clause) 1-

interrretation{(Inters), Z If there is an interrretstion
model{InterrsClause) ' % in which Clause is true
writef( xZt redected by Xt\rn\n’'+»[ClausesIntersl). Z tell user

‘¥ Interrretation is a2 model of a3 Clause X/

wdel{lnterrr Clause) -
clause{ClausesConsequentrAntecedentr».)y %X Get Clause definition
checklist{(is_.true(lInterr)s Consecuent)s % Check =z2l1l]l lhs literzals are true
checklist(is_ false(lnterr)y aAntecedent). Z and 8l1l rhs ones are fals

‘X Evaluazte exrression in Interrretatiorn %X/

waluate! Interry Intedgers Inteder ) - inteser{(lntedger)s !, % inteders rerreser
waluate! Interrs Constants Value ) 1- % other constants have values assis

atom{Constant)y !y interrret(Interrs Comstants, Valuel.

waluate( Interrs Comrlexs Vzlue ) -

Comrler =., [Sum | Ardgslsy !y % recurse on arguments of
marlist(evaluate(Interr)s Arsgss Vals)y % comrlex terms

Comrlexl =.. [Sum | Valsls % then interrret tormost
interrret{Interry Comrlexl, Value). %4 sumbol

¥ Evaluation of clause (hacks for checklist) %/
s.truedinterry Literal) - evaluate(Interrs Literals trued.

s falsel{lnterrs Literal) - evaluate(lnterr» Literazls false).



-

13

/% TVIDE,

slauses and Model for not divides examrle (see notes r124)

Alan Bundw 22,6.81 %/

‘¥ Clauses X/

rlause(rights [not. div(XXZyY)1s [not_div(X:Y)1s inrut)., % Inrut clauses
Mlause(lefty Crnot_ div(ZXXsY)l» [not_ div(XsY)1s inrut).,

rlavuse(thirtyy Lecual (30:2%3%5)1y L1y inmrut).,

rlauselhurothesisys [hot_div(Sya)ls L1y inrut).

slause(conclusiones L1y [not.div(30sy3)]1y torclause). # Tor clause

¥ Models X/
¥ arith2 %/
intersrretation(arithl). Z arith?2 is an intersretation
interrret(arith2, a3, 2), % mesning of 2

- Z meaning of not._.div

-

interrret{(arith2s not_div(X:Y)s Talse)
0 is Y mod Xs 1},
interrret{(arith2y not_ div{(XsY)s truel.

interrret{(arith?2y eaual(XyY)s true) - Z meaning of equal
X =1= Ys |,
interrret(arithlr ecquali{X:Y)s falsel.

interrret(arith2s XXYs 2) !~ Z is XXY,. Z meaning of X

‘X arithd X/
interrretation(arithl). Z arithl3 is an interrretation

intersret(arith3, a2+ 3). A meaning of 2
interrret(arithd, not_ div(XsY)sy false)

O is Y mod Xs 1,
interrret(arithds not_ divi(X:Y)s true)d.

- Z mesning of not_div

,e

interrret(arith3s eaual(XsY)y true) - Z meaning of ecual
X == Yy |,
interrret(arith3ds ecual(X»Y)y false).

interrret(arith3s XXYs» Z) - Z is XXY. % meaning of X



wes
IO~ T I
rlausel is rmame of new resolvant

not..div{2X3I%kSya)

nlause? is neme of new resolvant

rnot..div{Z2%X3sa)

claused is name of new resolvant

rnot.div{2sa)

rlaused redected by arith?

~zused is name of mew resolvant

not..div{3sa)

rlaused reldected by arith3

laused is name of new resolvant

o -

not.divi(Ssa)l

success! Empty Clause Found

. Execution asborted

i P~ core &0928 (31744 lo-sed + 29184 hi-ses)
ear 26624 = 24583 in use + 2041 free
ilobal 1177 = 16 in use + 1161 free
“ral 1024 = 16 in use + 1008 free
cail 511 = QO in use + 511 free

0,10 sec., for 2 6Cs gaining 62% words
0,04 sec. for 3 local shifts and 7 trail shifts
2:94 gec, runtime
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¥ FROLOG CROSS REFERENCE LISTING %
S ORI R OE O OR OO RO R

Fewurilt Xref

FREUGICATE FILE CaALLED RY

e lu/d utilite some/ 3

mrTa

#l 0 rewrit

meapmalizeSd rewrit normalizes/d S0/0
rerlacesd rewrit rewrites/?
rewrites2 rewrit normalires/?
rigles3 rewrit rewritess

some/3 rewrit rerlace/4 somersd

Wwritef /2 ubilitw rewrites/d sa/0
drAREY S -



~ »

k REWRIT.,

vimele dertn first search rewrite rule sustem
e Artificial Mathematicians = 104,

lge with UTIL

ilamn Bundwe  10.7.81 %/

¥ Fimdg Normal Form of Exeression %X/

wrmalize(Exrressions NormalForm) 1- 4 To rut an exrression in mormal forms
rewrite(bsrrescsions Rewriting)s % Rewrite it ance
normalire(Rewriting:s NormalForm). A and recurse
wrmalize(BEvrressionys Exeression) §- # The exrression is in normal form
not rewrite(bExrressions ). # if it cannmot be rewritten
'K Rewrite Rule of Inferernce X/
e citedbEurressions Rewriting) - 4 To rewrite Exrression
rule(Names LHS» RHS)» Z dget 2 rule LHS => RHS
rerlace(lLHSy RHS» Exrressions Rewriting)s %4 rerlasce LHS bw RHS

& one

writef('%t rewritten to %2t bw rule Xt\n’y [ExepressionsRewritingsNamel),

¥ Rerlzce single occurrence of T bw 8§ im 0ld to det New X/

e lace{TsSe T8, % rerlace this occurence
wrlaee{TeSe0ldsNew) §- % rerlace one of the ardguments
Ola =, [Swm | Oldarssls #Z dget the arguments
somel{rerlace{Ts8)0ldArsssNewArds) % rerlace one
New =, [Sum | NewArgsl, Z rut it a2ll todether asgazin

¥ Arrly Fred to Jdust one element of list %X/

iome{Fredge [Hol { Tide CHa2 + T131) -
arrlul{Preds [HdlHd21). %4 arrlwe it to this orne

ome (Frecds DHd | T1130s CHg + T123) 3-
some{ Fredes T11s T12). % or one of the others

¥ Some rules X/

ale (]l s XKQ
e (2 LXX .
le{3 e X0y
rle(ds X400

% Algebrazic Simrlificastion rules

-

-

W 0D
Tttt gt
@

-

¥ A Turical Froblem X/

o i~ normalizel (a7(2¥03)%5 + b¥O0r NormalFormls
writef{ Normal Form is %2t\m\n’‘y [NormalForml)s
fails



K OMINI-FROJECTS
o Trwe out the sustem with the arithmetic rules givern above.

'e  Exreriment with some rules of wour own devising (Sugdgestions can be
‘ound i charter 9 arnd section 5.2 of “artificial Mathematicizns’ ),

‘e Modife the sustem so that it works bwi (2) crll bw value: (hHh) call
i mame {(See =107 of “artificisl Mathemsticians’ .

e



* «

S
E

188

T g0,

T O2ROIEKEHDKO rewritten to 270¥54b%0 bw rule I
FTOKSHRD rewritten to 270XKS54+0 bw rule
dTOXE4H0 rewritten to 1X540 bw ruyle 3

LS540 rewritten to 540 by rule 2

MO rewritten to 5 bw rule 4

dovrmal Form is &

40 rewritten to % by orule 4
LESHO rewrittern to 1¥% bhw rule 4
LS rewritten to 5 pw rule 2

P

darmzl Form is 5

L¥S rewritten to 3 bw rule 2

LEE4O rewrittern to 54+0 bw rule 2
3TOKSH0 rewritten to 2705 bw rule 4
2T0KS rewritten to 145 bw rule 3

L5 rewrittern to 9 bw rule 2

3 mz2]l Form is 5

LS rewritten to 5 bw rule 2

27OXS rewritten to 13 bwe rule 3

2T0RE40 rewritten to 1¥540 bw rule 3
2TORISHLXKG rewrittern to 1X34DX0 bhw rule 3
LRS+H0RXO rewritten to 1X540 by rule 1
LRSH0 rewritten to 540 bw rule 2

40 rewritten to 3 bw rule 4

dormal Form is 5

0 rewrittern to 9 by rule 4
LRS+H0 rewrittern to 1X5 by rule 4
L¥5 rewritten to & by rule 2
darmal Form dis 5

LS rewritten to 3 bw rule 2

L5400 rewritten to 340 by rule 2
LX54H0XO vrewritten to 340%0 bwe rule 2
000 rewritten to 340 bw rule 1

v . rewrititen to 3 bw rule 4

[

dormal Form is 5

0 rewritten to 5 bw rule 4

SHDXO rewritten to 340 bw rule 1

LASH0X0 rewrittern to 1%540 bw rule 1

3TOXS4H0XO rewritten to 270XE54+0 bDw rule 1

T (2ROIRGHLKD rewritten to 27 (2%X00%540 bhw rule
2T {2KOIKEHO rewritten to 2T0XE40 bw rule 1
370XE5E+0 rewritten to 1%540 bw rule 3

L5+0 rewritten to 540 bhw rule 2

G40 rewritten to 5 bw rule 4

[

dormzl *Form is 5

40 rewritten to 5 bhw rule 4
LES4+0 rewritten to 1¥S bw rule 4
1%5 rewrittern to 5 bw rule 2

Normal Form is 5

L5 rewritten to 3 bwe rule 2



.“‘

-
.*ﬁ+9?rewritt@n to 540 bw rule 2
:TO0XE40 rewritten to 270%5 bw rule 4
17OXS rewritten to 1X5 bhw rule 3
K rewritten to & obw rule 2
ormal Form is 5

S rewritten to H bw rule 2

:TORE rewritten to 1X5 bw rule 3

:TORE40 rewritten to 1XE540 bw rule 3

TR OIRTELD rewritten to 2T (Z2XOIXD bhw rule 4
PTLAROVED rewritten to 2T0XE bw rule 1

:TORS rewritten to 1%5 bw rule 3

A5 rewritten to 5 bw rule 2

lormal Form is 3

KE rewrittern to 5 oow rule 2

:TOXE rewritten to 13 bw rule 3

PT(RRKOIES revwritten to 270XE bw rule 1
yT2RKOIESH0 rewrittern to 2TOXKE4H0 Dy rule 1
FTIROIEGHD¥O rewritten to 2T0X5+0X0 bw rule 1

1

T core A0416 (31232 lo—-seg + 29184 hi-sed)
=51 26112 = 23454 in use + 2658 free
tlobal 1178 = 16 im use + 1159 free
ocal 1034 = 146 i use + 1008 free
craidl 511 0= Q in use + 511 free

3,00 gec. for 1 trail shift
2,02 sec. runtime
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Skolem’X@dk

FREDICATE FILE CALLED BY

gersumns 2 utilitw skolem/4

arsositesd skolem sholem/4

Trolems2 skolem akolem/4 testl/l testdAl
shkolem/d skolem skolemn/2 skolem/4
§Uh$ti§b tilitw skolem/4

testl/1 formul

testd/1 formual

Cumiv/3 skolem skolem/4d



B
&
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/% SROLEM,

Skolem Normal Form Frocedure
(FORMUL contzins test examerles)

flan Bunds 17.3,.79 %7/

Jkorerator declarstionsk/s

im or{d400s4Tusid, % Dhsdunction
= or{300suTus =), 7z Double Imrlication
PR {400 ufus~=), A Imelication

Asbkolem normal form¥/

shaolem{SentencesNormalForm) 1~ I % Normzl czlling rattern
skolemi{SenterncesNormalForm: L1073, % assume no free vars and being
skhalem(F <-> @ (Fl1->Q13E(Q1->F1)sVarssFar) I~ 1 %4 Double imelicstion

skolemi{FsFlsVarssFar)s skolem{(dQ1sVarssFar).,

skalem{all{(X:F)sFlsVarss0) I~ I # Universzl suantificastion
skolem{FsFles X IVaraels0).

skolem{all{xXsF)sF2ZsUarasl) I~ 1o 4 Universal auasntification
gensum{fsFa)s umniviFssVUazrssFl» 4 duzl case

subat{X=FsFsF1) s
skolem{FlsFP2:Vares1),

skholemisome{XesFI:F2sVarss0) I~ 1y 4 Existentizl cuantificastion
gersum{TrFs)y univiFssVYarssFle
ceubstiX=FsFeF1) .
skholem{FlFP2yUars:0),

s " lemisome{XsF)esFleVarssll) I~ Iy % Existential auantification
skolem{PFesFlLXiVarslsl)., 4 duzl case

skolem{F->QsFl-=01lsVarssFar) - i Z Imelication
arrpsite(FarsFarll):s skolemi{FsFlsVarssFarlly
askolem{QsQ1sVarssFar),

skholem(FsQsFPls@lsVarssFar) 11— 1 4 Disdunction
skolem(FsFlsVarasfards sholem(UsllsVarssFarl.,

ikolem{FEQyFLERL UsresFPar) 1~ 1o 4 Corndunction
shalem(FsPlsVarsPaer): skolem(d:D1lsVUars:Far).

shalem(not Fsmot PlsVarssFar) 1~ 1y 4 Nedgation
QPPOEit@(PQF!P&Pl)! skolem{FsF1),

skolem(FredeFredesUarssfPar) - |, % Atomic formuls

‘(orrosite raritiesk/s

2%



1 9
“

wrensite(0s1),
aprasite (]l 0,

SRundy -~ arrly asrgs o sumbolXS
AniviFssVaressF) - 1
Fo=.s [FsiVarsld,

K MINI-FROJECTS

L Tru out o various formulse.

2. Modife the rrogram to dezl with bounded auantifications e.4.
gll din{XsSetsF) - meaning:s for 211 X in Sety F is true.

2. Build srograms for putting formulsze ind {z2) Frenex Normal Forms
ondunctive Normal Formy s rer section 5.2 of “artificiazl
dathemsticians . You maw wish to use Tile REWRIT.

ks

i
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o 7% FORMUL .
Test Formulase for SKOLEM srosgram

Alan Bundwe 23.6.81 %/

testl{Arns) -
skolem( all(ay 3ll(by all{cy some(xs aXx"™2 + DX + ¢ = 0))))s Ans),

test2{Ans) -
skolem{ a2ll{ms some(deltzr a3ll(xy (abs(i=<delta) - (1/300>m)))s AnNs).




, .
SA

Hes

i P- testl(A),

A o= a¥flicsbra) " 2+bXFl(csbra)te=0

Hes
i P test2{A).

A = (ahs()=<f2(m))~>1/4m

HEeS

i T core 60416 (31232 lo-sedg + 29184 hi-sed)
hear 26112 = 23809 in use + 2303 free
global 11727 = 16 in use + 1161 free

locsl 1024 = 16 in use + 1008 free

trail 11 = O in use + 511 free

1,00 sec, runtime
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Bower Xref

FREDICATE FILE CaLLEDI BY

acicibom /3 power

sralwseld oower ugliness /3

“eEenadd utilitw fimd.usgle /3 add.bombs/3
B&fwaualfz hower sumbol..evals3 oren.evalsd

avel/s? wtidlitw

e n—

eval /2 bouer sumbol_.eval/3 def eval/2
.

@xrands 4 Dower \ﬁwmbolmeualKE

fertilise/ 3 powernr rrove.ster /2

Fired.usEle s 3 power ugliness /3 findouslaes3
generalises/ 2 indet ined rrovel s 2

S MR REn e e '

>lmmwwthreatfﬂ bower anzlusesd

make.Faults/2 Dower gxranad/ 4 make.faultsd
TS g ower rlickindvars/3 max/S
membe rehk/2 wtilitu nontrivial/l

merses S Dowerr sumbol .eval/3 rewrite/3 merge/3
nasty.car.or.carsl bower uglinesss 3

montrivialsl oower nastu.car.or.cdarsl
oren.evael/2 bower s and s 4

oren..fnsd power g ans 4

sickindvers/S3 bower rrovel /2

srave/sl iogerr Frovel/?2 erove_ base/? rrove_sters2

o
A

70

w0
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Bower Xref

sravel s 2
rrove..base/d
rove. by induactions?
srove.stes/ 2

rewrites3

a3

sumhoal . eval /3

usgliness s 3

e

power

fiower

utilitw

utilitw

bower

£

)

yET

utilitw

utility

froger

roser

rrovesl

rrove_bu_inductions s

rrovel /2

rrove Dy inductions?

asumbnl eval s 3

mergses3

srove. base/ 2

rrovesl
Frove.st

evrand/4 fino.usglaes3

rrovel /72

rrove/sl

rewrites3

rrove_ster/? fertilisesd

sumbol .eval A3

FrOVe.Dase rrove_ster/ J

2

rewrites/3



DA

Lean Sterling
Updastedd 24 Julw 81

# simrle Bower-Moore theorem srover 28 in
Char,. 11 The Froductive lse of Fazilure
in “Aartificial Mathematiciams’,

The code writhten here is 2 simerlified version of the zldgorithm
described in 2 rarer of J Moore
Comeytationz]l Logicd: Structure Sharving a2rnd Froof of Frogsrem Prorerties s
Xerox rerort 5L 753 which zrrezred zlso azs lert, of Comeratationz] Logic
meme no. o8 and the second rart of HMoore's Ph.I, thesis,
This is & simerlified version of the theorem—-srover describhed in the book
A Comrutational Lodgic’ by Bower z2nd Moore,

Varizble and srocedure names have beern chosen to bhe the same
as much a¢ roseibler arnd the mini-rrodJects will be zided bw the descristion
i the saper.

b4

A4 PROOF STRATEGY XX

&
o

To rrove 2 theorem use the followins sldorithm

d (orn =, of “Artificizl HMathematicizns’) 1

A oLe=2¢ Trw sumbolic evaluztiorn: recording the

A rezsons for failure in the list Anzlusis.
“ X4, If unsuccesstuls try sroof bw induction
A usinsg the rreviouslwe senerzted fazilure list

A to sudgdest the induction scheme,

A 085y Finally tre deneralising the theorem 1f the
# induction was unsuccesstul.

rrove(al) -
writef{ ' \nTrying to erove Ztxn’2LAT)
gumbol . eval (A BeAnalusis). A Tre swumbolic evalustion
rrovel{(Branalvsis) .

veprovel (ttes LY I % Sumbolic evaluation was successful
Ly
writefi{ Exrression evaluated to tt\m’).

srovel (Ardanalwsis) -
rickindvars{fdranalusissVar). A fing imduction candidate

rrove bu induction{fd:Yard. ;;
rravelidrsanalusis) -

gerneralise(AsNew) N |
Tfneta isei{dsNewds ®;V3}Q<;>>/)
. 7 Y
NN

rrove{New=tt).

\’1 (/’0; '/
A% BYMEBOLIC EVALUATION XX i fF

. i

o



o Sumbolic evaluation is rerformed Dw the srocedure
s aumbol.evel (ArNewsaAnalusis) which evalustes

PR

4 ewpression A into eurression New sroducing
A Tailure bag Anslusis.
4 Frimitive rure LISF functioms: .. osrsodrsoond

us

ancd eaual 2re handled bw sn evalustor i thew
can e simelified, Otherwise furnctiorn arduments
are swmbolicallw evalusted bottom—-urs
pottoming out on ztomic exrressions, Function
definitions zre exranded according to the criteriz
dqescribed in the section of code

A% EXPANSION OF FUNCTION DEFINITIONS 2%

BRSNS S S A S

ne

swmbol eval{(ttetts L1 1~ 1, A Findsthed 1if edrression evalustes to tt

sumbol eval (Ll L1010 - 1,

sumbol eval (A Branaelusis) e
aval {iasal)s 4 Evaluzte rrimitive exrressions
Ly
sumnol .eval{AlBEranalusis),

swmibel..eval (ArBrAnalusis) - 4 Recursively rewrite terms
A=y LFrediards ]y A  bottom—-ues,
rewrite(ArssrsArgelsAnal i
Al=.,L[Fredidargs]l s
exrand(FredsAal sAZsFaultds 4 BEmrand recursivelw defined
merde(Faultsanalranalusis)s A noresrimitive functions
def.eval (AZsB),

rewrite(lls L0 1 1,

rewritel{XsXs L) I~ atomiciX)s, 1,

rewrite(CHITIyCHLIT1dranalusis) §-
aumbol. . eval (HeHlFault)s

rewrite{T: Tl Nlesc)
merge(Faultlesosdnalusis).

A BEvalustor

aval (cardlI) L1y -~ 1,
avalloder DIy 00y §- 1

L]
evalicar{ocons{HsTYIsHY 1~ 1,
evallcdr{cons(Hs TY¥s Ty - 1,
eval{conadlleUeVresU) - 1

eval (cond{cons{X:Yeslle I ll) - 1,
ovalleaual (XsX)stt) 1~ 1,

An EXFANGSTON OF FUNCTION DEFINITIONS XX

A Functions that osn bhe exrendeds socording Lo

wo their function definition sre contained in an
% owren.fn rredicste, Iin rewriting edrressions
n functions zre evranoded where rossible



A using the rredicate orpern.eval unless
4 uysily evrressions z2re foumd, In bthis case the

% fault descrirtion is returned 2¢ described

A in section 3.2 of HMoore’s warer,
%
axeand{FredsClausesClause,Fault) -
oren.tTrni{ClausesNewclause) s
ugliness(Fred:NewclausesBomh)»
Bomb\==[ s
by

make. fault{Bomnh Fault).

exrand(FredClausesNewelauses 1) -
oren.eval (ClausesNewelasuse).,

exrancd{(FredyClausesDlauses 1),
oFer.frigrrend (X Ylscond{Xsoconsicar{XJdsaprandiodr(X) e Y de¥Y3) I~ 1,
aren.eval (arrend(X:Y) s Dlause) §-
‘ def eval {car{(X) 210
def .eval (cadr{X) (3

def eval {condi{Xscans{(Clrarrernd(C2: YY) Claused,

def. . eval (X:7) 1- eval(XsY)s I,
vef. eval (XeX),

A Make ur z fault descrirtiorn from the faults
A returmned when treing Lo exrand 2 orecursivelw
#  defined funchtion.

mabe FaultdlIs L1 - 1,

make.  fault{lfault{(BR:F)iRombeslds[Ffault{BsF)iFaultsl) -
make. . fault{BombsyFaults).

make. fault{lhomb{(X)lsLfaultibomb(X) e Ffail{l1)31).,
make_ fault{{fail X Il Lfaultibombh (LI Fail X333,
e faultd{lbomh (X sy Faril{Y)IsLfaultihomb{(X)s Faril (Y221},

make Ffault(Cfail YY) shombh (XD DIy Dfaultibomb{X)»failiY))1),

4 le ewrression uslef
ugliness{FredsXes 1) - atomiciXls I,
ugliness{FredsXsAnaslusis) |-
nastwe.car.or.edrix),
Iy
analuse(FredsXsanalusic),
ugliness{. s XrsAnalusis) -

K=y o LFredliArgels

Fimdeugled DI 00) 3 4,



. ; »

.
L

“find.ugluiFreds[HI Tl Aralusis) -
ugliness(FradsMHsH1 )
Fimcd.ugluwd(Fred,sTTLi.
agrrend{Hl Tlranalusicly
I,

mastu.car.orLedr{cariXi) - nontrivial{X)s 1,

naste.cear.orocdriedr(X)) - montriviel{X)s 1,

add_ bomb (X LX) 1~ 1,
aoad. nombi{Ys» X+Z) i~ arrercd(Ys[XI1sZ).

sgralusedFredy X [hombh{ X2 1) - loowr_ threst(FredsxXye 1,
graluse(FPredeXe [fail{X1l2,

lLoor threagt{srrendecar(X17J,
Loor threst{arrendsodr{X) ).,

atrivial(X) - membevohbk(X:lcons{Us¥)L10)s 1 fail.
montrivial (X1,

Ao PROOF BY INDUCTION XX

Fimdg dmnouction candidate

A simrle madority vote dis used to decide
which list to induct or.

This is calcoulated by max,

BB R RS

+

wickindvare( .. »Ragslar) §-
maxi{BagsLlsTormsDsN)»
Term = faultibombicdr{VaridsFfaili_ ),

maxilleArAeNeN - 1|,

wilwairiFredyM) iRestdCurrentsfmss Ny Num..ans) -
M = N
Iy
max{RestFredsdns MeNum.ansd .
max{l . itRestlsCurrentAnssNeNum..ansl) -
max{festsDurrerntAns: Ny Num.ansd .

% o Successivelw srove tLhe base snd ster ozses
grove by induetion(aslitersl) -

rrove.bhasel(drliteral )y
rrove.ster{(Asliteral).,

# To srove the bzse cases substitute the mil list
#  for the induction varizbles zngd tre Lo rrove
wo the resultent clause

+

rrove bhase(dsliterszl) -
writef{'\n Base cazse’ )



substi{literal={]AsNawl»
srove(Newy

b

# To rrove the ster casser substitute the asrerrorrizte
4 cons exrression into the clausesr sumbolicslle
4 evaluste zs much z3s rossibler then fertilise
4  to rrove the exrression
rrove.ster(AdsLiteral) §-
writef{ ' \nSter case’ )

e

Ay 4

3

aubst{(lLiteral=cornsizl LiterallsrAsNow):,
sumbol. . eval(NewsUlauser s
fertilisel(asClausesiaewcliausels
srovelNewelause ).,

rtiliseleaual (XYY UlausesNew) - aubst{X=Y:ClausesMNew) .

FROOF BY GENERALISATION XX

ng
fu

Code to be written

test cases

# i wrovel(eauaslisrrenad(llex) ol .,
w - eroveleauzl (arrend( sy arrendifbec))rsarrend{arrend(asD)sCc) ) ),
AR Mini-grodects
1. Add definmitions of functions like reverse and corw Lo enable
the theorem—rrover Lo work on other examrles,. Exelsin
fiow the theorem—wrover misht be modified to overcome
arny small rroblems that might zrise.
2. Use more sarhisticated criteriz to choose the induction variasbhle:s
or more dgenerally the induction schema to bhe used,
This will srobzatly dinvolve changing the waw the fzilures
are returned in the variabie aAnalusis.
, Write 2 more rowertul version of fertilise.
4, Write code to rerform generzlise.
¥/
w omerse merses two Dasgs
merde({lsBadgyBag) - 1,
merse (BagsVarsback) - variVar)e: 1y merde(Bagylvarizplelsack).
merdge{lrair(UgluK) i Tl BadgsNewbas) -

el

selectirairilsliu:MN)sBadgsRest)
Iy

Mois N+ K
merge(Ts[rair{lUsglusM) iHestirNewbas) .,



o7
,Meﬁgeitpair<U9159N>:ij&agyﬂgwhaﬁ} i
i I a

mearde{ T [rair{lUglusN) i BaglsNewhag),

merge([HITIBadgsNewhag) -
selecti{rair{HN)sBadgsRest)
iy
M is N + 1-»
merde{Tslrair{HsM) IRestl:Newhag),

merge({HiTlBagsNewbhasg) -
merdge(Tslrair{Hs 13 i BaglsNawbhas),



¥ v lNokaliTaut. 04004221 2 Julw 1981,

A simrle tautologwy checker based on the one bw EBower & Moore,
The bhasic ides is to tazke & rrorositional formulz formed from the
consteants ‘07=falses "1 =true» rrorositional variazbles rerresented
b Frolog stomsy arg bthe functors not/ly anad/ 2y or 2 ines/2s 1T/73,
This is then converted to zm ecuivalent formuls using “1if° alones
where the test is 2 sindgle rrorositional variazble, Then the cazses
of the test varizsbles z2re examined,

£/

i aril00s  fus not).,
i or(200y Mxfus zrcd).
i {300y MTus ord,
tm ap (400 xTxe dimE),

rewrite(if{Test, Left: Right): Answer) -
rewrite{Tests Testl).
rewritell.eft, Letftl).
rewrite(Right, Rightl)s
i ladif(Testly Leftly, Rightls Answer),

rewrite{andi{lLeft: Right): Answer) -
rewrite(left, Leftl)s
rewrite{Right: Rightl).
buildifileftls Rightls 0» Answer),

rewritefor{Left, Right)r Arnswer) -
rewrite(lLefts Leftl)s
rewrite(Rights Rightl)s
i laifi{lLeftls 1. Rightls, aAnswerd.

rewrite(inr(Left, Right)s Answer) -
rewritel(lefts Leftlly
rewrite{Right: Rightil.
buildifdleftl, Rightl, 1 Answerl,

rewrite{not{lLeft) Answer) -
rewrite{left. Leftlls
i ldifilefti, 0y 1 Answerl,

®

rewrite(Answers Answerd) -
stomic(Answer).,

Puilaif{Ts, 1 0 T,

buildif(Ts L Ls L),

i lagifols L Re L2,

Ui ldif(0s L R RI.

il ladif(Ty L Re if{T» L» RI} 31— 2tomi{T),

gl ladifFCifoTs The TR Le Re if(T» AL, AR 3~

puildif(Ths Ly Rs ALY
buildif (TR L K» AR,



K an association list ise 2 list of variziple=value termss
variable is & rrorositionzl variables znd
£/
Lookur{atom: [atom=VUzsluei_ Js UYalue) - 1,
lookur{(Atom: [.1Restls Uzlue) 11— 1 lookusia
lookus(atoms [l 23,
sheck{if{Tests Left, Right), Alist. Uzlue) -
lookur(Test, Alist, Selectorlde iy
cases({(Selectors Teats Lefts Rights Alists
check (1 Alists 112,
check (O Alicts ),
check (Atoms Alists: Vzlue) -
atomiAtom).,
lookur{atoms: Alist, Uzlue).
X check (Exrrs Alists Q) => Exepr can only be fzlse
- echeck(Exrrs Alisty 1) =2 Exer carn onlye be true
check (Exers Alists 2) = Exrr maw be true or fa
X/
cases{Qr Tests Leftr Rights Alists VYalue) -
check {(Rights Alisty Valued,
cases{ls Test, Lefts Rights Alists VUzlue) I1-
check {Laeft, Alists Value).,
cases(ds Tests Lefts Rightes Alists VUzlue) -
check (L.efts CTest=1l1Aalistls YLD
check {(Rights [Test=0{alistls VUR)s
combine (VL URy Uzlue),
combine(Xs Xs X)),
combine(Xs Ys 2) 3= X \== Y,
Fn The tor level routine X/
classifwi(Formula) -
rewrite(Formulas IfTreel:
check(IfTrees [l Uzlus)s
describe{(Values Formulal,
descripe{d, Formula) - write{Formula)s write(’ is
describe{ls Formula) - write(Formulz)s write(’ is

describe(dr Formula)

write(Formulz)s writed’ is

where each

the value is O or 1.,

tome Re

Ualue),

under Alists
under Alists
lse.

contingent, "1,
slwaus true, ).,
z2lwavs false, ).,



/%X RULES.

Froduction Rule Swustem for All
Alan Bunde 17.9.81

Use with UTIL. Examrle rules etc on ¥ile SUBRTRA amd SUM.

L ¥4

g0 - %Z Tor level goal
arrlu_.ruler %z Arrle 3 rFrroduction rule
€0, % and recurse

arrlu.rule -
rule(NamessConditions Action).
satisfied(Condition)»
refract(NamesCondition).
writef(’Rule %Zt fired\n’/s[Namel),

To arrlw 3 rule

Find 3 sroduction rule

Check that its condition list i« satisfi
Check that rule has not alreadwe been fir

NN NN

Actior. Z If sos run its action
5. Adsfied(Condl & Cond2) - 1, Z To satisfw two conditions
satisfied(Condl)y satisfied(Cond2). % satisfy one after znother

To check a condition
Get short term memorwy
Match condition

satisfied(Condition) -
short._memoru(BlsE2sE3sEB4sE5sRE)
memberchhk.(Conditions LR1+R2sRI»B4,E5+RE61) .,

NN N

add(Item) ¢-
retract(short_memore(R1»RB2sK3sR4,R5:R4) )y
assert(short_memore(ItemsyEBl1+R2yR3sE4+E5) )
writef(’%Zt remembered\n’sLIteml).

To z2dd item to memorw
recover & delete memorw
add new item & dror ERé

NN

refract(NamesCond) - %Z Refractoriness
historg(HistlList)y 7 Recazll historw
memberchk(rair(NamesCond) sHigtList) Z If we have been here before
Iy fail, Z then fail

r “ract(NamesCond) -
retract(historge(HistList)) %z otherwise urdate historw
asgert(historw([rair(NamesCond) | HistListl)).

histore(L1). Z Initial setting for history



/% SURTRA.

Froduction Rules for Subtraction bw llecomrosition
from 0'Shea and Younsg WF42
8lanm Bunde 22.9.81

Examrle for RULES, use with UTIL
X/

/¥ The Rules %/

rule(finsnext_columrns shift_ left & take.diff & write_znswer & azbort).
rule(blars.gtr.my add(borrow))., A

rule{(b2crs._ea.my result(Q) & addimext._.colummn)).

rule(bsZsborrowy decrement).

rule{bs3shorrowr azdd.ten.to.m).,

rule(cmrrrocess.columny comrare).,

rule(tssrrocess.columnys tazbke_ diff & zadd(next.column)).

/» The Actions X/

shift. . left -
retract{mark (X)),
X1 is X+1»
assert(mark(X1)),

take . diff -
mark(X),
column(XsMs5)»
POS..Adiff(MsSeR)»
assert{znswer(XsR)).,

ros. . diff(MsSsR) 2~
M>=8s !y R is M-S,

ros..diff(MsS»R) $-
R is S-M.

resuylt(R) -
mark(X)y
assert(answer(XR)).

add. ten.to.m -
mark{(X)» ,
retract(column(XsMsS)) .
Ml is M+10»
assert(column{XiM1+8)),

decrement -
mark(X)y X1 is X+1»
retract{(column(XlsMs5))
M1l is M-1»
assert(column(Xl,M1+5)).,

comrare -
mark(X)y
column(XsM:S5) >
comrarel(MySrVerdict)



add{(Verdict).,

romrarel{MsMrs_ea.m).,
somrarel(MsSrs_dtr.om)
~omrarel{Mr»Srm. dtr_s)

. >

. o0
i

o
0N

srite_answer -
column(li,MisS51)y answer(l,R1)»
column(2:M2+82)r answer(2sR2),
writef( 2%t Zt\nZt Xt\n---\nZt Zt\r--~-\r\r‘>»
[M2sM1+52281sR2sR11) .

7% Short Term Memorw X%/
short.memorg(rrocess..columnsnilynilsnilsnilenil).,



7%k SUML.

txamrle sum for use with RULES and SUETRA
Alarn Bundw 23.9.81

K/
column(l:8+9).,

~olumm{2+:4+1) .,
nark(l),



7% SUMZ2.

Examrle sum for use with RULES and SUEBTRA
dlam Bundwe 23,9.81

K/
column{l,9:8).

rolumn(2s4+1) .,
nark(1).,



Xk SUM3.

Examrle sum for use with RULES arnd SUEBTRA
Alan RBundye 23,9.81

k/

column(1,8+8).,
~olumn{2y4+1).,
nark.(1).



104
i P~ &0,

Rule om fired

s.gtr.m remembered
Rule bZa fired

wWwrrow remembered

iule bs2 fired

tle bs3 fired

ule ts fired
1ext..column remembered
Rule finm fired

318

19

29

wons see sove

[ Execution asborted 1
i "= restore(foo).

2es
i - Laum2l.

sum2 consulted 16 words

wr-1-1
i P— g0,

Rule om fired

m.sgtr.s remembered
Rule ts fired
mext..column remembered
Rule fin fired

4 9

18

31

oons sase sasa

v oxecution aborted ]
i - restore(foon).

Hes
t - LCsum3l.

sum3 consulted 16 words

wes
i P~ g0,

Fule om fired

s_.ea.m remembered
Rule b2c fired
rmext.column remembered
Rule firn fired

4 8

1 8

aone sows sors

30

0,01 serc,

0.01 <ec.,



soos ssee soee

[ Execution azborted 1

i 7= core 60416 (31232 lo-sed + 29184 hi-sed)
hear 26112 = 23975 in use + 2137 free
global 1173 = 16 in use + L1157 free
local 1024 = 16 in use + 1008 free
trail 511 = Q0 in use + 511 free

0.01 sec. for § trail shifts
1.25 sec, rurrtime
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MYCIN CROSS REFERENCE

FREDICATE FILE CALLELD RY
answer.auerw/1L . muecin check_ for_cquerv/4
askfor/3 mycin gethuros/3
reckosdain.for_uerw/2 mecin check. for_cueru/4
cgeckwansfﬁ mucin askfor/3 check.ans/5
check_ for_more/2 mucin getdata/2
check. . for_.queruy/4 mecin askfor/3\
comesre/4 mecin merde/2 comrare/4
consider/3 mYCin check_for_more/2
consult/0 mycin start_session/0
current/2 ’ mucin ' getdatas/2 transered/1
data.class/3 mecin dgennew/2 getdescr/3 current/2

check._ for.more/2

“uces/3 ’ mucin . dgethuros/3

divide/3 . mucin exrlain/l divides3

exrlain/l mecin rerort/2

/1 mecin therary_ recuired/0 éheck“aSain_formeuers/E
genheader/2 mecin gennew/2

genmess/2 mecin detdescr/3

dennew/2 mecin dgetdatas?

genno/2 mucin dennew/2 detans/3

det/4 mecin same/4



{

MYCIN CROSS REFERENCE
get_ .nearest/1
getans/3
dgetdatars?
getdescr/3
gethuros/3
getlist/3
dive_evidence/1
gram/4
intersect/3
‘intersect/s/3
krow/3
known/1
last.class/2
maxhye /2
member/2
member/2
merdge/2
min/2
number??

mber/3
rarameter/2
auestion/1
auestion/2
readans/2
rerort/2
rerwrite/2
rule/é

rule.chechk/4

muecin
meein
muein
muCin
mYCLn
mecin
mecin
m2ein
tility
mecin
undefined
mecin
meein
mycin
uytility
meein
mecin
mYCin
undefined
meCin
mecin
mucin
mecin
mgcin
meCin
mecin
mecin

mucin

check_for_nuers/4

dgetlist /3

consult/0 detdatas/2 comsider/3
detdatars?

setdata/2 get/4

detdescr/3 detlist/3
transrred/l1

readans/2

get/4 intersect/3 known/l
getheros/3 known/l
divide/3

detdatas2

get/4 marvhur/2 krnown/1

check._a2ns/S member/2 Het_nearest/l
deduce/3 merdge/s2

min/2 rule/é

genno/2 current/2

gram/4 number/3

check.ans/5

getans/3

askfor/3

askfor/3 check_ans/3
check_for_cuerw/4

genheader/2 rerwrite/2 detans/3
rule_check/4

Syserr deduce/s/3

Fadge .



MYCIN CROSS REFERENCE

ruleno/l
same/4
srace/2
start.session/0
test/4
therary_reauired/0
translates/2
transered/l
union/3

ion/3
word/3
write_known/1
write.list/1
writerrems/1

writeval/1

mucin

muecin

mucin

muCin

muCin

mucin

mucin

myECLn

utility

mecin

mecin

mucin

muCin

mucin

mycin

Fadge |

rule/é

gram/4 srace/2 word/3 number/s/3

check_ .adgsin_for_.uerwy/2
start_.session/0
rerort/2 exrlain/l

writerrems/1 translaters/2

intersect/3

gram/4 word/3

exrlain/l

check_zns/% write_list/1

write_krown/1 writerrems/1 translate/2



FILE muwoin
“declarations’

- rublic
rule.check/4,

4% imrortsi
4 krnow/s3 (from undefined)

% rumber/2 (from undefined)

nendi



Mucin{Frolos) - a Froleog ratiomzl reconstruction.
Waterloo Frolog version bw Feter Hammorndg 1980,
converted to lec—~10 Frolog huw Richard O0/Keefe 1981,

NN

4 A consultation session is initiated bw the doal start.session,

-~ theraruv.requireds !ty consult,
~ write( ' The ratient needs no theraew.’)r nl,

start.session I
start.session !
theraru. recuired - f(getans(0, initiators Ans))s Ans = uwes,
consult - getdata(0s Fatientliata)s write(Fatientlzta)y nl.,

y 4 The hierarchical nature of the structure of Fatientlatz is reflected
% in the recursive definition of detdatz below.
gsetdata(Classds Huros) 1~

Classld is Classd-1y

current(Classids Entitw),

last.class(Classds Attributelds 1,
gethuros(Entitwy Attributer Huros).,
tdasta(Classly [Classilastaltem | OtherClassillatazl)y -
Classl < 4

gennew(Classly Entitw)y

dgetdescr(Classly Entitwy lescr)s

Class? is Classl+ls

getdata(Class2y Classlliata)y

Classlilztaltem = Ww(Entitwr, Nescrs Class2lata),
check. . for.more(Classly OtherClasslliata).

s

genmnew denerates 3 new entitw of the recuired clazss and zlso
Frints 2 heading announcing the new entitu,

BN

ﬁﬁnneu(ﬂlassy Entitwe) ¢-
genno(Classy NewNo)s
data.class{Classy ClazssNamer» Netazils)s
Entitwe = ClassName—NewNo» % e.g, ratient-1
dernheader(Classy Entitw).,

¢ 3

“ Ezch time 2 new entitw is reauired gerno sererates = suitable
cardinal for the entitw.

dernmo{Classy NewlNo) -
retract{number(Classy OldNo))s |,
NewNo is (OldiNo+l
assert(number(Classy NewNo) ).

gernno(Classy 1) -

Nt number(Classy )

assert(riumber(Classs 1)),

ﬁ%nheader(ClassNuy Emtitw) 1- A
rerwrite(’ ‘y ClassNo)r rerurite(’ - “» 8)»
write(Entitw)s rerwrite(’ -"3 8)r nl,

répwrite(ﬂbdect; Times) 1-

Times = 0y Left is Times-—-1»
write(Obdect)s |»
rerwrite(Obdectsy Left).

rfpwrite(UbJect; 0,




% dgetdescr asks the user to surrle information of 2 backdround mature

% for 8 rarticular entityy and can also czuse 2 messade Lo be rrinted
A announcing the name of the first entitye i the rmext class inm the hierarch

getdescr(Classy Entitys lescr) -
data.class(Classy Namer» letzils),
getlist{(Classy lNetailsy lescr)s
gernmess(Classy Entitu),

getlist(Classy [Iltem | Otherltemsls LaAms | OtherAnsl) -
dgetans{(Classys Itemr» Ans)s
getlist(Classy Otherltemsy OtheraArns).
getlist(Classys [l [1).

4 current returns the current entitw of a rarticular class,.

current(Class, Entitw) -
number(Classs NO)» A fails if none wet
data.class(Classy ClassNames» letzils)y
Entitw = ClassName-No,

i getans asks the user for and reads the value of an item of baclkdround
data, Eazach question is rreceded by 3 new auestion rnumber.,

getans(Classy Items Ans) -
gernno(auestiony Q)
rerwrite(’ ‘y Class)s
disrlag('(’)y disrlaw(Q)y disrlag(’) ‘)
auestion(Item)s ttuflushs
read{(Ans)y nl.,

y 4 check_ for.more asks the user if there is zanother entitwy of =
% rarticular class to consider.
check_ foromore(Classy Otherliata) -

data.class(Classy ClassiNames letzils)s

disrlaw(’'Is there another ‘).

disrlaw(ClassName)y disrlaw(’‘? ‘) ttuflushs

read(Ans)

consider(Ansy Clazsss Otherliata) .

Jgisider(noy Classe [1).
consider(vesy Classy Otherliata) - dgetdata(Classy Qtherliata).,

same causes evidence to be dgathered which besrs on 2 rarticular
value of a3 clinical rarzmetery z2nd succeeds if the CF surrorting
this value is dreater than 200.

NN

same(Entityey Attributes ReaVazls CFmi) -
get{Entityr Attributes ReaVals CFmids 1o
CFmi > 200,

get collects together the hurotheses relevant to determining the
value of 2 cliniczsl rarameter and finds the lardest of the CF-s
surrorting the rossible values,

NN

get(Entitys Attributesr ReaVazly CFmi) -
gethuros(Entitys Attributer Huros):s
intersect (Huyrosy ReaVzls Intersect):s
maxhur(Intersects CFmi).



gethuros{Entityey Attributes Huros) (-
: { krnow(Entituy, Attributes Huros)
; deduce(Entity, Attributes Huros)
; askfor(Entityy Attributes Hurosg)
)y
Huros \== [],

“ deduce collects all the evidernce for the value of 2 rarzmeters
% merses evidence for the sazme value into one hurothesiss ana
% stores the information obtained.

vdeduce(Entity, Attributes Huros) -
bagof(viValsy CF)» rule.check(Entitwy Attributes Vals Cf)s H)»
merge(Hr Huros):
assert{krnow(Entite, Attributer Huros)).

4 rule_check investidgates 23 rule zand calculates the Cf of the
4 deduction when the rule succeeds,

rule.check(Entitws Attributes Vzaluesy (CFf) I~
rule(RuleNos Entitwy Attributer Vzlues Cy Tallw).
Cf is TallweX(C/1000.

mergedCls [1).

merdge{(Lv(urnks1000)1y [1).,

merge(lH | Restl, [H1 | Rest1l) -
comrare(Hy Rests Hls Tserld.
merde(Tserls Restl).,

comrare(Ry L1y Ry [1),
comrare(v(VUaly Cf1)y L[v(VUaly CFf2) | Ulsy Ry W) i~
Cf3 is (1000-CFHLIXCF2/1000 + Cfl»
comrarel(vi{Vals CFf3)sy Uy Ry U,
comrare(v(Vally CfL)y [v(Val2y CF2) 1 Ulsy Ry Cw(VYal2y CF2) 1 W) i~
Vall \== VUgl2,
comrare(v(Vall, Cfi)s Uy Ry W),

intersect(Lv(Vals CF) | HI» [Val | Restls L[v(Vals CFfY | H11) 1~ 1y
intersect(Hr Rests H1).
" tersect(Lv(Vals Cf) 1 Hly [Alt | Restlds HL) I~ |,
intersect(H: CAltlsy X)»
intersect(Lv(Vals CFf) | Hls Restr Y)»
union{(Xs Y» H1).,
intersect(Lls Lists L1).,
intersect(Hurosy [l L1,

uniond(Cls Y Y).
union(Xs L1s X).
urnion(CRls Y CRIYI1).

maxhur(Lly 0),
maxhur (Lv(Valy CFf) |+ HIy CFmi) -
maxhuer(Hs C1)>»
(C1 = Cfy 1y CFmi = C1l# CFmi = Cf).,

askfor causes the user to be asked for the value of 2 clinical
rarameter, The amnswer is reazad and checked to see if it is one
of the auestion’s rossible answers.

NN




sskfor(Entitwy Attributer [v(ActVYzl, CfI1) -

auestion(Entityys Attribute).

readans{Answerlsy Cf1):s

check_ for.auervi(answerls Cfls Ay C)»
check_ans(attributes Ay Cy ActVUsls CFf)y
assert(krnow(Entitys Attributer [v{aActVals CFfI1)).,

check. ans{Attributer Al Clsy Als C1) §-
rarameter{(aAttributey Exrecten).
member{(Aly Exrected)s |,
check. .ans(Attributer Al Clsy Ay C) -
rarameter(Attributer Exrected)s
disrlag(’'Flease enter one of the following! )s nls
write_ list(Exrectead)s
readans(Answerls Cf2)»
check. .ans{Attributes Answer?s Cf2y Ay C).

auestion{(Entityy Attribute) -
disrlav(’ Flezse enter the ‘) disrlau(atiribute)s
disrlaw(’ of ‘)y write(Entitwy)s displaw(’? )y ttuflush,.

“ readans is used to read the user‘s rerlue to 3 request for the value
of 8 clinical rarzmeter, The value zand its certaintwy factor zare
% both read. The default Cf is 1000.

readans (Answery Cf) 1~
read(Rerlug),
name(Rerluy Text).
gram(Answery Cfs Tewtsy [1).

gram(Answers Cf) --> sracer word(a)r {name{Answers AT »
( *("y araces number(Cls *")*» csraces
{riame(Cfy C)¥ 3 LCf = 1000},

arace -->* [Cly {C =< 32¥y srace 1 (1,

word(LCIR1) === [Cly LC » 32y C =\= *"{(">y word(R).
word( £1 ) —-=>= srace.,

rumbher{LCIR]) === [Cly LC = *"0%y C =< *2"Fy number(R).
rumber( £l ) == grace.

member{(Xs [Xi.1),
member(Xy L_I1R1) - member{(X» R).

write. list(LXiYl) -

write(X)s nly write_ list(Y).
write.list([1) 1~

il

mirn(CXdes X).
mirn(CXiYdsy Z) 1-
min(Ys Uy
C X < Us Vs Z=X 3 2Z=U ).,

% THE EXFLANATTION SYSTEM

4 check. for.auery is called after the user is asked to dgive 2 rarameter
% value, If he sa2id WHY or RULE the exrlanation sustem is entered,




check. . for.auergy(Answery Cfy Ay C) -
{ Arnswer = whye §  Answer = ryle Yo
answer_auerw(Answer)
get. . nearest{(Kule)s
rerart{(Answery Ruyle)ds
check_ asdain.for_.auere(As ).
check. for..euerg{(Answery Cf» Answers (f).

answer.auergi{why) - % he can’t be serious!
disrlaw{’'To determine the denus of the ordanism. )» nl.
answer_auerwi{ryle) -
disrlag(’'The current rule isi’ )y nl.,

check. . adgain.for.uerw(as C) -
fi{readans(Aly Cl))»
test(aly Cls Ay ).

test(whysy 1000y A C) 1~ ty fail,
test(Ar Cr A C) - A \== whu,

~t.nearest{(rule(Ny Ey Ay Ry C» T)) -
ancestors(All0fThem)
member{(rule(Ns E» Ar Ry Cr» T)» Al10fThem).

resort(whyy Rule) - exrlain(Rule).
rerort(ruley Rule) - clzuse(Rules Roduw)s translate(Rules Bodw).

4 exrlain rrints the krnown rarameter values inm 2 rules those
yA to be determinedr and the deduction which could resuylt,

exrlain{(Rule) -
clause(Ruler Bodw)s
divide(Bodys KnownFremss UnkrnownFrems):
write_known{KnownFrems).
translate(Headr UnknownFrems).

divide( s (AsEB)y ‘27 (Ary OtherKnownls Unknown) -
kriown(als
divide(By OtherKnown: Unkrnown).
Uyvide( s (AsRYy trues ‘2 (AYB))Y I-—
Nt krnown(A),
divide(ds trues A) -
N+ krniown(A),

write. .krnown(true).
write_krnown{ s’ (AR)) -

disrlauw(’ It is krown thati’ )y nl»
writerrems( s (AyR))>»
disrlaw(’ therefore..: s nl.

writerrems{(true).

writerrems(‘s "(AsB)) I-
transrred(A)s
writerrems(R).

writerrems{A) -
transrred(A).,

7% translate dives 2 simrle endlish translation of 2 rule.

still



translate(Heady Eodw) -

disrlaw(” If $7)s mls
writerrems(Rody) s
disrlav(” Thert 17y il

transrred(Head).,

transrredimin(MsN) ).,
transrred(same(Es Ay R» C)) -
current(3s Entitu)s
disrlavw(’ the )y urite(a)ds
digrlag(’ of ‘) write(Entitw),
disrlag(’ is ‘) write(R)s nml. ¥% the dernus of ordganism—1 is [starhl
transrred(rule(Ns Ey Ay VU< Cs T)) $-
current(3s Entitu),
disrlau(”’ there is “)»
give.evidence ()
disrlavw(’ evidence that the “J)s nls
disrlau(’ Dy writel(h)
disrlaw(’ of “)s write(E).
disrlag(’ is ")y write(V)sy nly
disrlagw(’ (rule ‘).
write(N)s disrlaw(’) )s nl.

krown(same(EsAsRsC)) -
kriow(Es Ay Huros)s
intersect(Hurosy Ry 1)
maxher{(Iy CFmi).
CFmi = 200,

ruleno(N) -
disrlaw(’ (Rule ‘)
disrlag(N)y disrlag{’) s nl.

writeval([Ml) 11— write(M).

Hive.evidence(C) -

C * 800y disrlavw(‘strondgly susidestive’)
C » 400, disrlav(’/suddestive’)

C < 401, disrlavw{‘wezakly sudbHdective’)

-y .

THE KNOWLETIDGE R AaSE

4 data.class lets the user delcare the classes of datz obldectss
4 their namess and the backdground detzils reauired.

viata.class(0y ratienty Lnames sey, asel).
data.class({ls infections Linfture, infdatel).
data.class(2sy cultures [cultsiters cultdatel).
data.class(3r ordanisms [1).,

last._ class(4y denus).,

germess(0» Entitw).,
germmess(lys Entitw) -
disrlaw(’ The most recent culture zssociated with ‘)
write(Entitw).
disrlau(’ will be referred to asi’)s nl,
genmess(2y Entitw) I~
disrlaw(’ The first significant ordanism from “)»

write(Entitu):



disrlaw(’ wil
germess(3y Entitw).

4 auvestion defines the cuestions vwhich will ellc1t the values of

Y4 rarticular de

cuestion{name) -
disrlag(Fati

auestion{sex) -
disrlav(’'Fati

cuestion(adge) -~
disrlag(/Fati

auestion(initiator)
disrlau( ' Have
site at which the rat
cuestion{(infture) -
disrlav( What
auestion{(infdate) -
disrlavw (/' When
auestion(cultsite) -
disrlavw(‘What
Jsestion{cultdate) -
disrlaw(’/Whe

4 rarameter records the rossible values of 2 clinical rarameter,

rarameter(gerusy Lunk
rarameteri{dgramstain,

rarameter(morrhologwy
rarameter(conformatio
rarameter(azerobicity,

yA THE ¥ R U

rule(35,
same(Entityy
same(Entityy
same(Entitw.
min(LCCF1+CF2y

1le(9, Entit
same(Entity,
same (Entitws
min(LCFf1,CF2]

rule(306y Entit
same(Entitu,
same(Entity:
same(Entity,
min(LCFLsCF2y

rule(412,
same(Entitwy
same(Entitw,
same(Entitw,
min(LCFL1sCF2y

rule(413,
same(Entitv

Emntitus derusy bacty 600

Entityy denussy strerts 930,

Emtitws denuss

1 be referred to a2si’ ) nl,

tails from the uzer.

ent’ ‘s namet ‘).
ent’’‘s sex I ‘).

ent’’s ade | ‘).

-

wou beern able to obtzin rositive cultures from a

ient has an infection® ‘).
is the inmfection? 7).,

did this inmfection first sgprear?

site did the srecimen of thise culture come from?

rn was this culture obtained? 7).,

rsestrerrnelisssbactrsstarhrycorenl),
Curbksrosynedl) .,
Cunmbk.y rodrcoccusl) .

rmy Lurnbesingless longchainssshortchainsl) .

Cunmksznzerobicsfacull),
L. E % BEASE

Tallw)
gramstainy [negls CF1l)y
morrhologwes Crodls CF2)y
zerobicitwy [anzerobicly CFf3)»
Cf3dy Tallw).,

gy denusy neisss 800, Tallw)
gramstainys Lnedls Cf1l)y
morrhologwey Cococcusds CF2)s
y Tallw),

wy genrnuss starhs 700, Tallw)
gramstains L[roslsy Cf1)»
morrhologys Lcoccuslsy CF2)
conformationy [sinsglesly CFf3)y
Cf3ly Tallw),

Tallw)
gramstains [rosly Cfl)s
morrhologwy [coccusls CF2)s
conformations [londchainsls Cf3)»
CFf3ds Tallw),

strerts 800, Tallw)
gramstainy [rosls Cfl)s

ax

e
H

e
H

Y



same(Entitys morrholodgyy Ccoccusds CF2)»

same(Entitws conformations Cshortchainsls CFI)»
min(LCF1+CF2,CFf3Ty Tallu).

FLX)Y $— calldX)y 1, Z  awful rnamel

A T HE ¥ END ¥
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