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rrovel Theoremesumbolic svalustion?
valid.consecuent{ Theorem)
by

rovel TheoremsFroof) §-
Frove e induction{Theorem:Froofls

L

srovel{TheoremnsProof) iI-
srecizlomethod{Theorem:FroaTls
I,

sraveiTheorensexiom{Naemel? -

T e
wiom{ThearemnsNamels ﬁgpﬁvaJiJ

b,
rovel{Theorenunshle torrovel.,

% Swmbolic eswslustion %X

Coo
valid.oconseauent{lHead] <-- Bodg) - .y )
alid( TR P e PO & = 2o d
validiHeasds L3000, wdaldb ( o, (v ] )
%% Theorem is 2n 2xiom e (yéﬁJ;C:,[; -
griomid <-- HsMame) -
list to.cond{f:sAols ) o .
list_toLcond(BsEo)s rreds g dRg,
regudic.TecdeT{Nepesd0 <-—-> Bocle
b,

A% INDUCTIVE PROOFS XX

Frovelw incduction{Theorem: Froof) -
fixrpoint.induction{Theorem:Schemel % Mot currently imrlemented
rrove..casesi{iTheoren: SchemnesFronts.

rrovecbu dnduction{Theoremrreflective(B:853) -
reflectiveinduction{Theorem:Namnels
call. bsse{TheoremsNaneHl»
call.oster{TheoremMName 50
by

erovelbuincducticon{Theoremsstructural {B: 52} §-
shtruct. induetion{ Theoren: Schemale
rrovebese.csse{Theorenrs SchemsH) »
rrove.ster.cassi{Theorens Scheme 5l .

¥ BASE CABE %7
rrove hzse casel{Theorems Schenes [Lfs{Bese iValidl)y -

BE
tase.versioni{ Theorens Schene: Besels
Fimet senant{Basels

{



nedzte snd.skolenize(BaserGozlrdAssertions)s

pese.esteblish{Gozlsfzsertions Valicdls

writefi{ \nBzse case rroved’ ),

mass.esteblish{boal rssertionsFroofy -
demc..tzcticibhese.estehlishls
velidate{Gozl rhzssertionssLlesFPronfis
detail tacticibese.estaeblish:[GBosld.

|

SE BTEF CASBE %7

srove.ster.case{Theoren: Schengs Lfa{Ster} Fronfl) i-
ster. versioni{Theorsns Schemne: SterrHurathesisd s
Fivet semnant{Steris
neszte.snd.skolemize{StersGoslstssertionsl s
indgdohgrothesis{Theorens Schenes Ind. hus)s
rroof  Frroceed{Schens:Goal rdssertionssHurothesis Ind hursFroofls
te

writef{  \rnSter case sroved’ .

sroof.orroceed{Schene ozl rdssertionssHurothesiss Ind hurs IPFls Ind _hup PP IPFE
simrle.reci{Gozll.
simrle.reciHurothesis)s
by
depg.tazctici{sinrle_recursivels
Ffold. . sgozli{GoslNHewbGozslsLI:sFTlls
grrluelind.ner{ind hurslewliozsl slNewloallls
estahlish.onwridewliczllrdssertions: SchensesRestFT2 .
valicdastel{RestAssertions: LI FTF3),

sraotorroceed i Schens, Gozl edssertionsHuerobthesis Ind hurs

FHerGozl. . efeFPerfeind o huwrsH o PiResl1) §-
demnte.tacticisLi rronf.rlsnls
unfold.herothnesisiHurothesisHur_ rerformentrHuer recursantsHurls
fold.sozl (Gozl ozl .recursant-Gozl  rerformantGoslorFis
arelucind.hur{ind_ hersGozl recursant s NewGozlls
satablish.hur(Hewbosl sHur recursant s Schene s NewBosl l-H. o F1:
aod.gozl {(NewbosllGozl rerformant - NewBosl 2
ster egstahlishiNewozs]l2rdssertions SchemesHur rerformants
Hur . recursant:Ress,

indonwrothesis{Theoren:Schemesd <-— B} -
cord.ariTneoremns & <-— HBis
indoinstentiste{SchemeLiteralls
menbsriliterzl-Bls
detsil.tacticliind. huyrothesis: {8 <—-— Bl

FE Yarious orern-anded tactics nessded in the inductive rroof slsn ¥7
fold.sgonsl{GoslsRecursantsFerformant foldidazmed} I-
memberiliterzleGoslls
functoriliterzlMNemne, . l»
rec.cdefi{aner..v..de
I
dena.hazctic{fold. sosl).
Foldild <--— GozlsMameslJ <-— Mewlbozslls
recursantiliterszl sHewbBozl rRecursantl.
rerformesnt{literzl NewbBoalsFerformantd.

+

fFolg. soali{GoalsRecursenteRestrregudo. FToldizmeld -



memberiliterzlHozslls
functoriliterzl:Namess _ 3

resudoarec. defiNanesd <> Eis

Iy

dema..teectic{fold.soa2l):.
listifu{fad-—BeClauseds

norn{ Ll <-- Gozl:Clausesl] - Newlozlls
recursantiliterzlsNewlBozlrRecursantl.
serformantiliterzl NewbozlHest).

unfold nerothesis{HurothesissFerfoRecsunfoldiNameld} -
demnc.bacbiciuntold herothesis)e
functoriHurothesisNames . J»
urnfold{lHwrotnesisld-~LlsNamesLigt<--L1}»
sholenizedlist)s
rerforment{HerothesissLigstsFarfls
recursant{HerothesisListsRec).

greluindohee {Ind.nersGoal sbleylbosl) I~
denc.tacticiarrlu ind. hurls
friorm{Ld < Gosle:ind hgrel] <—— HewlBozlls I.

zgoad sozl {Gozl sGozl rerfornentsNewlosl) §-
grrendi{Gozl sBoal  rerformantNewlbozll.

setablishonwe{fozlAssertions:schens{hurothesis{literals o2
Froof ¥ i
uninstentiste{literalBlankl:
salecti{Blank:Gosl slewGozslls
velicd{Blank AssertionsssFPraofi.
deno.tzotici{establish.huwrl,

FE Esteixlish the ster fosl]l however soul osn X7
ster. establisn{Clr s s sL3 §~ 1.

shter.estaeblisn{llLiterzl iRestlrassertionsEchemesFerformant,

s teMewlozls

Recursant: [FroofiRest_ rroofl) -

indogr inrutocondilitersl sSchemgl
Is
genc.tactic{inrut concls

gestehlisnsinrut condilliterslsfdssertions:PerformentFroofie

lemma. resanlve{Froof:FPerformantRestGozsl s

ster.establishifozlrAssertions BchemnesPerforment rRecursantRest.  rroo

ster.easteblisni{lliterzl iRestirfiscsertionsSchenesFPerformant:Recursants
Crerformantiliterzl)iRest rroafly i-

srter rerformznt{literzlFerformantls
ty
dena.tacticister_rerformantl»

ster_esteblishifestrdssertions Schene:FerformzntRecursant:Rest_ rroo

shter . esteblishillLiterzl |RestlrfssertionsSchenesPerformant:
Recursent: [Lemms i Rest.pT1y ¢
lemma.gen{literzlPerformantLemnmsls
lepma.resolve{lemnma{lennzlsFPerformaent-Rest-Gozll.
Pe

stoer. esteblisni{bozl -AssertionssSchenesFerfornantsRecursantRest rTl,

EEEY Develaorment hsck



sher_ egatehlish{fe B0 sEsF 2 (- ster . esteblishl{AsBelTEF2,

gstzhlishoineut condiliterzl sassertionss wsassert{literal)d) I-
mepneriliterzl rfssertionsl.

seatablish.inrut condiliterzl rdssertionsrunfoldiNesmel ) -
member{FredicezteAssertionsls
matohed.literals{literzlFredicatesNamal»
unfolad{ll<-~[Literzll:Nane [1I~~[Fredicatel?.

esteblisn.inrut cond{literzlsassertions:Ferfrlemmai{lenmal?
menberiPFredicstersAssertionsls
matoched.literzlsi{literzl FredicsteNamel»
grrendi{Perfs[FredicetelBodud»
lemns_send{l.itersl »BodurlLenmal .,

Y
H

lemmas_ resalve{lemmsilemmzlFerformantRestGosl) 1-
fe
merde{FerformanteRestGoall.
detzil tectic{lemma_resolveLLI<-~Goalll.

lemms.resolvei s rGozglGozsl).,

indohwesineut condi{literalsscheme{ s Input. congdses .3} -
mepteriliterzl s Inrut conds ).,

= indohwrohueilitersgl s [Her recursentl) -
A functoriliterzl NamesHritule
e FunctoriHuyr recursantsNameAritel.

sarformsnti{lLiteral s Bodus:Ferformant? -
uninstantizte{literalBlankl.
select{Blank:BodyPerformant).

recursantilitersl BoduLElankl) i-
uninstantiztei{literal Blankls
memberiBlank Bodwl .

ster rerformsnt{Literazl:[Literall}.
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S¥OTHWOGRD 1 The solving esauations with 2 occurrences of the unkrown

f.eon
Updatedd 7 (citober B
¥

riardecture{twa_acos
solve{l=R: 2, 80ln) <~ oooi{XsL=Res(s{01)} & collsctil=R:¥NaewlL=Naewf)
g rosition{¥sileul=NewR:F) & isolate{F:Neul=NewR:Salnl ¥

srecizlomethodi{Theoremssrecizl{tuo_ occl) -
nesfate.snd.skolenizs{Theoren:GozslrAssertions)s
fold.sozl{bozlGozl recsGosl rerfe ls
cordecture{isolste.correctsClis
listifediCel2s
fmrn{Lld--Gogl recsl 2 LI<—-0)+
grrend{G:Gosl rerTrNewlozl s
- twonnocc.estanlisni{NewGozlsfissertions).,
tun.oce.establisn{Gosl rAssertions) -
Dlank . .corze{dssertionssL)»
shter . esteilishi{Gozslrdscertionsssenene{ sl 32 LI 0dsF T,

ster estanlisnl{llLiterzl iRestlrassertionsSchemg PR Ddef(Namel iFFl)
functor{literslsNemes )¢
cefiMameLiteral <-— Bodwlis
corddLtollist{BodesL )
arrendl{l:Rest-Gozslls
ster_establishi{fozlsfssertionss8cheme: LI LI:FF5.

comndecture{isolste.corrects
zolve(lLhs=Rhs¥s80ln) <~ rositioni{X:Lhs=RhsFosnl
2 izsolete{FosnsLhs=Rhs:50ln) § single.ocociX:Lhs=Rhs}

# - gpy twolocc.esteblish: So twooooo.

TNearen

2
~

¥+
L3
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S ONEW ! Test code Tor new theorems
Leon
Urdsteds
5
gefi{single.oce: singleocci{fsEon) <-— acci{X¥sEanes{03)}
mefi sauive sagiviBEansdNew) <-- isalstel{Eorn:XsNew]

rec.defioeccy oooi{XrEans Q) <~— fres_ ofi{X:Eamn):»
agrei{XsEamss({N1) - collectiEansXEesNew) & occi{X:NewsiN}

def{ sauive eauiviBansHew) <-- collecti{EanrX:Mew)

defi{ sauive: eauiviEarnsNew) <-- aittrzct{Ean:X:Hew}

worndectureicollect: solvei{Eamn:¥rS0ln) <--

/

T —
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¥
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Y #isalaste

lzuses for Isolstion soundness sroof
§§?ﬁlan Bunde 5,2.80

§¥ use wibth checker eto %7

SE Hurolheses |7
clausesi{nurllsinglencoixea=hid. 013,
clzuse(huyrlrlrositioni{x: 2, 0333, 013, .

clzsusedihurdslisolzte{llrz=nhrans? 012,

FE Gozl %/

clazusei(sHazlsLlrlsolvei{yst=heznslll,

=

¥ Axioms kS

clzuse(defn.solvesLsolve{XsEarvansilsifreeof{X:Rhs):.
ans={xX=Rhsl
sauiviansEanl 1.

clzuse{fTres_ ofLfree of{¥:B)l:lsingleacc{X:8=H}
rosition{EsA:Fosmnlll,

clesuse{ident:Lecuivi(a-B831, [a=BI13.

FE Detfinitions &7

ﬁafn(#aﬁitian<X9ésPasn3p casell
— 2 trirle(FPosn=[l[lsX=A)s -
— O hrirlelPosn=THiPoenid 2521003,

~gefrn{isclate{FosrrEans@nsirocasedl
trirlei(Posn=L{3sLirans=Eanl:
“trirleiPosn=[NiFosnidslisolai{dsEarnNewlsisnlate(Fosnl rlewsdinsl 1.
ans=ansiilri.




Hoke &4 filsn Bunow
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.'a.fl::j ?

FROVING THE CORRECTMESE OF ISOLATE

Az g Tirst
in the lztest P
isolate: namelw

o bhe sutomstic derivation of PRESS methods (585 sove
E grarnty I thousiht § would tre to 2rrove the ocorrecihines
theoremni

K

XA
‘cEa:
?

jcnm

solveldsl=R:8ns) -
singlencc{ZL=R} & rositionil:FPosni=% § izolstei{PosnEani=fans

o far I heve made the Tollowing rrosressi

- lzing 2 simrlified wversion of the new definition of Isolstion

describped in note &3 1 heve found 2 oeroof oo hsnod,

)

-~ I nave bullt zn sutomsztic sroof checker argd bDesun checking mw hano
eront .

i sim ig  bo graduslly  sutomste the mschine srootf. T remods L
gimrliticstions from +the definitions of Isolzte =2hd to bLre sroving fh
—eprrestress of  obther PRESS methods. - - - - T )

AXinns

structure of Teosn’, e mesd i

ok
VN

The sroof is bw  induction on
sxiomnsS lemmss i

B

4

~ 1. solveldEansd=Knhs) -
freg.of{ZRhs? & esuiviEan:X=Rnhz}

ks 2. Fres.of(XB) - o~
- singleocci{ErA=B) § rositionid:Fosni=X
F: mouivifefl

4, padivifaeD) < sagivid:B) 2 eauiviPel) T

Se rositicon{da: Lli=a
&, rosniarsideBurisPosni=Ters <~ sosniExprLdiFPosnldi=Tern



N e

%ﬁ

7

o osouivilldedew) < dsolzxi(MOld:Hewl

. singleaeci{X:0=0) < singleoccixX:L=R) &
ienloxidL=RO=0) 2
xasitioni{lsDMiFosnlds

How !.!'i

Z, dsnlatel{llsEan) = Ean

10, dsolsxwidMel=Rezrgid:Liz=cons{l K822 £
ianlate{PosnesargideLiz=cons{l KM} = Fns
S danlzte{ldiFosniL=RK} = ans

Bzsis

The mnedszstion of the besis csse rrovides the sdditionsl clsuss

i
it

(i) singleoccixel=rl,

i (il Pﬁﬁiﬁiﬂﬁiiﬁ%?gj} E

£iii} dsolztedllsl=r} fM=ansd

il

A

fivl - solveides lore=a2nsl. \
Y “«é
The rroof of the bazsis czsse iz zs Ffollowsi
Feaolving {(iv) z2rnad 1
-3 e Fres of{zsans) & sguivil=rsu=znsl.

Fesolving 2 with (2} PO ES
{pd - ﬁinﬁlﬁmccaxeﬁmanak g pozitioni{f:FPasnli=x &
2 iwi

Fesolving (b)) with 5 sroduc
el S mingleocoi{xs =

irho ¥ givesi

.. smfﬁocc
E souivil=rsy=znsl. d (

Fzramocdulasting (444
{3 {umansr = i

113 .
Faramocdulsting {d} into (o) {fwiceld dSivesi
(e} S gingleaccixsl=r) & esuivil=r:l=r}

Resoleving () with 3 sives
LFs e mingleooc{xe I=p)

Pogsolving (F) with (1) sroduces the enrite clzusse



]

[$=3 R QEnD

Sles

The nesztion of the ster czse rrovides the followins

{1} solveiXsL=Hrains) <-
singleocc{ZL=K} & rositionilsrosni=z
2 dznlizgteirosn:L=Ri=ans

£idi} singleooco

Cae

Mrl=rd

{idii) rositioni{l:Inirosnlli=x

o

N (v} -~ salvel{x:lsrrx=zansd

The rronf of Lthe stersr ocEse iz 2z FTollowsi

=

xi



.

el

Fesolving (v with 1 =roduces
{zy <~ Tres.ofi{xrans) & sauivil=r: ==znst

Fesolving (2} with 4 sroduces

i) - fres.ofi{xsans) & seuivil=re: B} % seuivil: u=zns}

Fesolving (b with 7 rroduces

oy S Tres.ofi{ixezns? B izolsuiidesl=r: BY & souivils u=s
Bosalving (o} with 1 sroduces
fcd) - zolvel{xsBeu=ans) & dsolauwide: I=rs K}
Fesolwving (d) wiith {1} seroduces
{g) 4- singlencocci{x:D=0) & rositionils 1 s
izolatei{roansl=0) = {u=ans) 3 iaalaxiﬂg i=pe =0}
Resolving () with 8 znd rersging sroduces
() - singlecoci{ysl=r) & rositionf{l:L[Hirosnii=x &
rosition{Crrasnli=x &
isolaztei{rosn:U=0) = {(u=zns) & isolaui{de l=rs O=0:
Fesolving () with {ii} Frroduces
(g o~ positioni{l:[Nirosnli=y & rositioni{Ceroosnl=y
isolztei{rosne =00 = {x=zns) & isolsxidsl=r:0=0}
Resolving () with 10 rroduces
oni{zrgideslierosnl=

iy - wositionil[Hirosndli=x & rosit
izolate(idirosnlsl=r) = {(u=zns

Fesolving () wilth {(iv) producss

{0 - position(l:Inirosndi=y & rositionizrvrdginslispasnli=x

Foesolving (.} with & znd mersing eroduces

£y S mositioni{ls-Inirosnli=y

Fesolving (k) with (iii) rroducss the sarituw clsuse
£l e GED
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Current obdective is Lo generste some sroof  schemss  ooll
them tosether and  then imelement some code. Sugsgesti
weloons for ismroriant rroofs to De considered. I71l =t
witihn & reroof of  the correctness of  iseolazie {2 suiis
modiiTied version of note 445,

Write ur statement to be sroved and give handout,

&t .
F}HS L WTEncE s rata Ese,.  Exrlszin motation.

oW

i B

Pl

Pl ]

1

i

The i1 the = fizs ho mskse is hmw i prove
ths ¢ itizl sssumplion will be dird =%
s wihat STOST fizs bo decide iz mow {or O =1} 1
insict . In this csse Lthe srogrem looks st Lhe subsosls snod
tries to Find & suitshles csndidste for 20 incuction schene.
in Live isgplete exzmels: there =sre 3 subsiosls Y D
considered.  SJingle.ocoo ozlls ooo whioh ds =2 oubdlitw o rih
sire sxdsctly whers this dnfomation will bhels Fosit is
zlso & whilifw: &ndd csn De similsrcls isnorved. Hows Ly
@Mion L e wnich is bhe rerresentstion hsre of Lhe 1zte
mehiog we ] rlw recurses on & osmsllsr znd smeller Fosne
o drshuchion e shructurs of Posn will be ftrisd,

Thge mext ster iz to seh ur the ftwo cazses thsast need Lo be
sroveds 1.8 Lhe Dass osse gng bhe ster czss. The bhzsse ozse
is  when wWe sesht Fosn to ke Di: hhe emehw list. fMexh
nanciaut s Swmibols ETE HErsuwnned for uninst i
varishless inice  ohss  have Deen ohossen on bhe shes

the eroot Tlows ressonsbls neturslilyss Interestins

roh umed (is bhds DedgPi,

The shter csse lesds to bneg second sroof on bhe hesndout. and
s sroof is comrleies

Imrlepentetion detzils z2re necesssrily vesgsus 2t Lhe moment
iE 0 B ?H*%Fwaiasa an bhe  relstionshis of [HFRE
Howsr-dMoorsr subtomnsiic rrogremminsg or zngininsg slss.
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Utilities rackase (2 Asrril BL}
Frolog-10 wversion 3.2

i F- EFilind.

rressirress.ors consulted 30 words O
srazsimise consulted £44 words DR
rressimstoch consulted 1743 words 0.7
checke consulted 224 words 9:.41 sec,
isnlzt.new consulisd 3238 wards 0.12
Filin consultisd 2813 words 1:646 sec,

WHES
POoF— gl

PRERS 1131
rrolog-10  version 3.2

i T resolvei{soslsdefn.solvel.

e resolve Soz2l z2hnd defrnosolve o form new

sagivik=agnse: l=r}) £
Free.af{xsans}

wEE

i P resclvel{sauiv.sum:lesmsl

ei:‘- g

fol =2 NP

3 sec

BEC s

clzuse lemmal which

fuds
i
o

¥
e resolve ecuivossm znd lemmsl to form new clsuse lemms? wnieh isi

eauivil=rsu=zns) £
frec.ofi{xrans)

L@

i P resolvei{fres:lemmail.

.
U P pasolvei{fresslemmsl.

1

e resolve fres znd lemma? to form new clzuse lemmsd which

LR
i - resolvei{sinslerslemmail.

e resclve single znd lemms3 to form new clsuse lemmad which

single.ocof{x 111} &
pagivi lllsx=zns}) 2

pagivil=rru=zns?

LIEAG

PP merde!{lemnmsdl.

We merdse two accdrrences of sauivi{l=rex=zns)

single_oco{xsl=r} &
sauivil=rix=zns?

in

lemmz4d Lo
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sanlve hurl znd corrl o

ivil=reu=ans}

resolvel{sauivs: lenmadl.

esalve seuly z2nd lemmsS

solatel{llsl=rrznsl

resnlve(hurl:lemmadd .

=

wrhsx erroriid
Iveihurrlemmss)
ErolEE

resolveingrlemmadl.
ive

2
i

fialts

o form

fwe? zrnd lemmsdé to form new clause

new clause lemmad which isi

é
|

new clauss lemmsd which isi

[%N
i
o0 g

lenm 27 which
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i = resolveigozlerdefrnosolvsl. ) '
=5/
e resclve sSozl 2nd defrn.osolve to form new clzuse lemmsl which isi B
- bos e
- Covgo

free.of{x: 108 &
ans={x=_108) & ;
gagivisns: L 117=h} |
HEs

i ¥ resalvelident:lemmzll.

e resolve ident znd lemmsl to Torm new clsuse! lepms? which isi

}

¥

ang={_l1lé=nh) %

fres.of{d, 115} &
ans={x=_115) .
HES i
i - merse{lemmall. !

A

w . merse two occurrences of ans={x=n) in lemms? to Taorm corrle: whichn isi

frnemafiwyb} &

ans=(x=h) .
wEs :
i T~ resolvei{corrl:fres_ofi. :

e rescolve corrl aznd free.of to form new clzuse lesmsd which isi

singleaoc{x: J10F=h) £
rosition{x,. 107 108 2
ans=L{¥=fH}

wEs

PP resolve({lemnmadshurll.

i
e resolve lemma3 znd hwrel to form new clausallemmaé which isi

’

‘ﬂ’:

rumltlmnigsasmil 3 OE
ars={a=in !
W

P P resolvel{lemmadshurd).

We resolve lemms4 snd her? to Torm new clasuse lemmad which dsi

grna={x=H}
uEes
I F~ resolvei{rositiontlhurdl,

e resolve rositiontl z2nod hue? to form new clause lemmss whioch isi
s,.' pd a

-
1
—_3 !n

P paramod{lenmnad: lenmmadl.

We rzramodulzte lemmzséd into lemma® to Torm new clzuse lemms?» which

)
B
L




ans={a=fH}

wEs

i P resolvel{lemmz?eisolstedll. |
{

e

We resolve lemmzs? a&nd isolstedl Lo form new clzuse lemmsd which isd

o !

igolate(llra=hrans} |
wEs |
i = resolve{lemmnzfr-hurild. }

e resolve lemmz8 znd huerd to form new clzuse lemmas¥ which dsi
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SR AXIOMS. |

L 74

ui{izolate_correctslsolvei{XsEarnsans)ds
Lsingle_occi{X¥sEanlsrrasitioni{¥sEanFosn)

gxi{isolaterslisolate{lNiFosnlsEansansids

Leon
lirdeted] 2 November 81

sisolztel(FPosnrEansans) it

Cisoglazxi{NsEansEanilrisolateiFosnsEansans)1).,

ax{listryLis listiZ)]lLis. list{Xleig list{(Ylsarrandi{XsYsZ31).,

de ke

axisrrendslarrend(LHITIsY»Z31:0L7 = [HiZrestirerrendiTY+Zrest)l}. LﬁMﬁvé &

g Avioms to senerate the isolstion eroof
essentizlly giver in note &4 11:.5.81

AWOWS~DQD

Leon . ¥4

iR avidefn.solverlsolve(XsEanrsans) s LopuiviEansX=adnslsTree of{d-a4ns3 1) .

)
aui{frees[free_of(X:E)islsingle_ocol{XsX=R)31).

auisinglerslesingle ocol{XsExuplisisingle occ{¥sNewlrisolaxiNsExreslaew) d}.,

axi{ginglersLesingle_occi{XsX=Aansid-
Cgingle_ occl{¥rEanisrosition{XsEan:Fosn}
ya

rsisplatei{PosnsFanansid).

axirpsnrslrosition(¥sEanFosnidslisnlaxi{NsEansEani s
rasition{XsEaqni[NiFosni?l).

ﬁxieauivxyEeauiv(ﬂeusﬂld)JsEisolax(H:BldyNeu}J}

2

axl{eguivrliecuivillds¥=ans)dsLicsolate{Fos0ldrAns) 1),

axiesouiv_exsleauivi{ArB)Isleauivia: O requivil K}

iff.auiisolasterfisolaste(iNiFosnls0ldsaAns)ds

1.

Cisolstei{FosnsNewsAns)rsicsola (N OldMNew 1.

7/
rx rogsible zlternzte axioms to generste rroof
ri{sauiv.sumrsLenuiviasB)JeleauiviBa)1),

agx{isolatrLisolaxiN:O0ldsNew)Jsficolate{lNiFosn]

slcdrANnsis
izsolate{lPosnlsbew:8ns11).

gulis_hackrLigolste{FossEansans)drlsolvei{XrEansi=ans)l).

75

# The mesation of the @359 czse wields
axinzsehurls[single occ(xrlbase=rhaseld:L1).

auibhasehyrslrosition{xslbase=rbase,LI13I20733.



sui{basghurisCisolate([lslbese=rbaser,ans)1L1).,

axibasedoalsLlslsolve{yslbesex=rhzsersransid),:

# The nedHation of the induction ster wields
ax(stephsplytsinslemagc(xslstep=rst9P}33E3}e
gxisterhurrlrositioni{xister=reterslnirosnd?d-L1}.
ax{sterhur3rLisolaste{lnirosnlslestersrstersansid-L1).

ax(sternurdr[solvel{XEanrans)isisingle occ{XsEanls
rosition{¥:EansrosnlisicsolzsteirosnEanransl)ii.

(j??tepﬁaalatjrEsnlve(xy15t9P=rstepasns}3}@
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Ak ISOLAT - Clzuses for proving the correctness of isolstion

L.eon
irdatedi & November B
¥/

skolemizei{lsolvel(XsEanranstisisingls ooci{XsEanltsrosition{X:Ean:L1) 3.
[Csolvei{x:lozse~rbaserensidelzsingle_oco{uslbhzsae=rheasls
rasition{xslbacse~rhase L3531,

skolemize{lsolve(i,Eanlsans)dslsingle_oco(¥rEanlsrositioni{¥:EanFPaosn)»
isolzte{PosnsEansansidsfosnlve{urlester=rsterrsanzsid.
Leingle_occi{yslsterz=rster)srositioni{yslgter=rsterInirnsnll.
isglazte{lnirosnlslster=retorsans)d).,

iformiisolzte correctrisolzterisolateirosns s delsolve{uslister=retersanslls
Leguivilster=rstersEnlssingle_occ{urEanlsrositioni{gsFEanroenilds.

+

i~ zod.oaxiom{isolzte.correctsisolve(EansXransids
feingle ocoi{XsEanlsrasition{¥sEansFosnlricsalzte(FosnEansans}l1} .

her(isolaste_correctrisolate).,

rec rred{isolates3slists13.,
steri{iscolastel(lNiFosnirsEanranslsisolsw{isEansNewsanl ).

A recur{isolate{FosrnrEarnrAnsl-isclate(lNiFosniOldesnansi). §
condition{(isolate_correctssingle_occi{ s )1,
seturi{isolate.correctsrosnir.2.3),

wriisalste.corrects, ) i-
add_lemmzi{sternurrisolve({isEanransiirisingle_occi{XsEan)s
rosition{¥sEansrosnlirisnlzted{rosn:Ean:AnsiJ).

rasalve.to.ster{lsolve(uslster=retersansil:
[esalve{xrEansanslrsecuivilster=rstersEanlill.

resaglve_ster{lsolvei{xrsEanrsansirssauivilster=z=retersEqnilriasuivilster=reterEanl.
single_occi{xsFanltsrositioni{xEansrosnlisisolate{rosnsEansans?1),

resclve reﬁur(Eeaulvilstep”rs+epsEan}951n319 aac(x:Ean}spncztzanixsEan-Pasn}y‘
T isplateirosnsEanrsansids s
Eeau1v(lste#*rstepsﬁan);szngle_occixsEan};Pasltlant ssEarnizrosnltd).
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From Leon SL400.4321707 on Julw 20, 1981 a2t 12123 a#
Aalan

I like the rarer. It s dgood Lo have the terms of the
mete-langusse written downe: znd me idess of what IMPFRESE does
fnave been clarified. There zre g Tew roints houwsver.

1. I“d like to suggsest z slisht reorganisstion: which includes

my auibile of the obther daw, Whaet is besicsllsw involved is
& swsr of sections 2 znd 4 so we can highligsht more clesrle the sarzllels
between the two uses of metz-level inference. The isclzte suamnrle
znd the rroof of its correctness forming the thread throush the rerer.

S bthe emphssis in section 2 might be slishitly differents
illustrating isclztion 28 5 method of FRESS. Then section 3 would show
fiow bhis lesds to 2 suided rroof (25 is currentls done in secon. 43,
Section 4 would outline IMFRESS » mentioning the lezvning envirornments
zrd Lllustrazting the derivetion of eroreriies shout 2 PRESE srocedure
#s an IMPRESE method. In this czse setting ur the correchiness of isclate
28 & Hosl theorem to be sroved. (Jdust 2 slight resrrzngement of Lhe

wrrent gecn.3). Then in section S zfher ssteblishing the new lsnsusdgses
- s now meta-level inference lesds to 2 rroof of the Lheorems
fence deriving new control informstion,

Is the term metz-metz-level stzrdzard? IF not rerhasrs we should
edelain it more.

15w
LN The rewrite rule log v = w —> 13 = iz rnot verw fTazmiliar to me.
il
sirn{x"T2)
Maw I susisest & = tan =2 instesd ss the syamrles to
illustrate isolstion.

s

I e cese I'm not sure how Lo hendle i we define rosition zng
isolate zs wou susdest ds LT the single occurrvence of the unbknoun

oococurs on the right-hand side of the exeression.

How dogs bthe rroof 28 ise work for 2= x4+3.

— I“gd prefer the tense of verbs in describing the Winston-iges

leasrning rrogram to be conditionzlior iz it subJdechtiveT).
That is use would rshther then €ill. Ive sussested zn zlternstive version.

e Ferhars the notationzl footnote zbout the PROLOG wverishle

convention could pe exrzndded into 2 notstionzl roint st the
el of the introduction sxrlzining thne notastion of Lhe rarere FPRESES
lznsussers ate,. Can the use of v for or e svoideoT

.o

From Bundwg Hesl400:40531 on Juls 20, 19781 st 10148 a
Lean

Thanks for wog comrments on our parers some of which I have
incorrarsted in the drasfh: ang the vemsinder I wish to srsue sbhout.
The numbers refer Lo =our Foinbts.

0. I 2m nnt sverse to changing the titler but could zou surlsin whsat
wou wers treing to schieve with zour smendment? For mw eavrt I o2m bruins
o s2ll ‘Heta-level Inference’ 2z 2 technicsl term. Also I think that
using PRESS in the titles when seorle cennot be sxrecited to know what

v



it meznse is 5 Dit crustic.

1. 1 originslls tried to fit section 4 before sechtion 3 but Fziled.
pecause tne PRESE clzuses introduced in section 3 zre needed o exelazsin
mete-level inference. As it iz there is 2 nice Juxitzrosition belwesn 2
wEe of m—1 1 in sections 4 z2nd Sy which is gnnounced 28 2 themnse of the
rerFeT in the sbstrzcbliintror so I am Teivie haprw, I think reorle will
understend whzst is mesnt by melz-metz~level.

2. I deliberstels chose the exzmels so it would look unfzmilisrs sndg
neEnce imFress (no Fun dntended) reorle with the sbilite of PRESS. o
worl Lhink this wess 5 tzcticszl error?

F. The simnrlistic version of Isolstion defined in the sarer 2nd proved
correct bw IHFRESSE cznnot heandle unbmowns on the BHE. I will spw =0 in
the rarev, It is gnother siprlifuing sssumetion.

4. I chanded the tenso.

I changed "v°® to ®or?®. Whst more do wou think should bhe szid zbout
motation?

I onlw have itnis week to get this draft of ey 2rd do 100 aother
thingse s0 I 2m keen to send the draft of f with onlzs minor zliterstions.
Howevere: we oo not nave to use this version zs the resssrch rarer Ov
the Tinsl workshor rerer. 1 sussgest that zou tzke over the sarer and
rewark it on Foints O 1 znd 5. and that we review thisz tosetner when T
et hack.

alan

From Leon S0800.43217 on Jdulw 21 1981 =2t 12311% a#H
fler

The hasic structure of bobth the collsction znd stirsction
clzuses lends itseld Lo ocur metz-level lansuzss.

collect{¥0ldsMew? - collsx( s laeteicili)s colliechi{X:01ldl Moy

N

whract{X0ldsMew’ i- zttrasm( s0Icd=01cl), sititrach{d01ldlMaw]l
Here collsx znd stiray azre the rerformantse while collect and
attract zre the recursasnts.

The correct structures to induct on when desling witn collection and
gttrection are the number of occurrences snd Lthe size of the closensss
tres resrechtivelw. Unfortunztels: the waw collect znd stiract srve
currently defimned does not includs these structures. Bub 1t loocks
relstivels straightforusrd Lo redefine them. And this would e more
consistent with the hzrndling of dsolstion: which isn’t called until
certain conditions sre'met. These zre the conditions we refer fto in Lhs
metz-lensussge — single.oco 2nd rosition.

Thne relevant conditions Tor collection zrd stirsciion sre
some subset of lezst_ dom: mastch and contsins.

& rlausible solve clause {(or metz-level theorem) misht Lhen
e something like
solveidsFonsSaln? - subtermiSub:Ean): lesst. domiX:5uinds
collecti{H:SubsBubl):, subst{Eub=SublEanEanils
golvei{EsEanl:Solni.



That's not euite right oot gives soms Flasvour,
The huerothesis can clessrle seen to bhe the last
zrd bhe conditions bthe first 2.

Lermnss

il

&

Y

Ferhars it might be zn idez to develor gdizlect aof FRE
called rure PRESS in the znzlogous feshion o rure LISF.
Mot 2 vere serious susgestion but it might he interesting to
2 zlishtle modified datzbsse of PRESE methods 2 the bzsis fo
testinsg ITHFRESS.

pix]

R
i,

&=t

b

E

o it

feon

From l.eon HesC400:422110on Februsry 4 1982 2t 7
& version of the code srochived todsw sr
lisrlike sxesmrles Siven in resesrvoh sarer MHo. 1
I“m modifeing the code so that it z2lso sroves the is
sxamrler and incorrorstes susgsestions from the FPRESE mesting
This mote iz Just to record bhs fzot Lhat the theorems in so
TENSE NSVE DeSn FrOoved,
Leon

From Bundy MHesCa400:4051 on Marcoch 17 1982 2t 113143 ad
Bermnard £ Leon

I we zre to tzke our own FroFrsssnods sericousiy
thern we shouldbe gettinsg IAFRESE Lo learn esoteric
methods like trigmethod {(thne &F Ltrig thing) from ssw
ane worked examnrle. Dossthis sound Tezsible?
Bernasrd could Isee the code for trismethod?
Wola this he s good focus for zour thesisT

filan

CCiSilver HeseSterling Hes

B

From Leaon Hrsl400:.432107 on March 21, 1982 =t 8i28 FH
After 2 concerted zttzck of debusSginsgs
IMPRESS can live ur to its name. It c2n now Frrove the followins
B theoremses zand bhere is no reszson whz it should not e 20le
to handle varisnts.
e lengthi(ZeM) <-- lengthni{X L) & lengthi¥sN}) & srrendi{X:Y:5}
E orlusil. oMl

2y dimolist(Z) <-— dis_ list(¥) & is_listi{¥) & srrend(X:Y:%}.

i

F. lessd{¥s?) <~ less(¥:Y) & lessi¥:2}.

4, zrrendifs¥eF) <-— aprendilleU:X} E srrendi{UsY W} & zrrendill:W:23.
i.e., sssociztivity of srrend

m, solvelEen:5rans) <-— rositiconi{¥sEensFosn} & isolstei{FosnsEcn-ans}
& sinsle_oco{EsEanl.

For asnwone who would like to exreriment: the code is in
inrres.euel 40043217,
Bugs zre welcomsd,

Lean

Ot Runde HeesSterlinsg HepseSilver HessObkeefe Hes:Burd Heselzllen HeseJdenkins

From Hicherdla00:4227 on March 22 1982 st 13138 FH
Could 2oy rut somethinsg in Imrress.Hlr telling users how to

Hes



cefine new Tunctionse. and rervhars datz-turesT
I ceme ur with the ides of defining

times{ds X203,
timesis{YisXeZ) = ftimesi{Y XU} & slusixX:W:73.,

divides(&a:8) <-> (Exigts C) Limesi{d:C. 81,
arng sskins

givicdes{(@asB) & rlusifRs0) ~-3 divides{a{} T

o,

gt I ocan’t bhink of znu wae of surressing this.
Ferhars defining divides directly instesd of using timess
znd Frroviing 25 well thaet timesifsBsl) -3 dividesiG:0) & dividesi{FE0).

From Richsrdld400.4227 on Mereh 22 1982 =2t 115%1 PR
Have s look 2t ImPpress.LosC400:422] znd tell me what 1w doing
fomE. I parvticulare whw cen’t Impress Fing 17 (should it be
condectured{tl: times{X:0s0) J— frus}d 7T}
The little lemma invented for a2 is raither soode: it harrens to be
trugr 2rd interesting. Congrstulztions.

From Fichardl400:.4227 on Haroh 22 1982 =2t &187 P

Hust bo see what it would doer T obried THOR on evenislusiasull,
The definition was

evenixt = if =<2 then ==0 else svenisubnlisublixii)
I storred it when it was down to Condecture 1.1.2.2:.2:2:2:. 8nd shill soingild
Whern I tried

gvenix) = 1T ==0 then T else i x=1 then F slse svend{subii{suhli{x)l)
it PREEREEFAILEDEEEXE! miserzhly: no rezlisins hthst it wss welidgii

From Richsradl400.4221 on Maroh 22 1982 =1 7134 PH

I have manzged Lo rrove some elementzre faolbs zbout rlus.
But not bhet O+E=X, Ododle enoushe defining 211 the sritnmetic
functions znew save THIR the zzme trouble with this 23 with sven.
T think the btrouble in IMPRESE msw he that it nesds induction on
Uhe second arsunents and plus wents to dingduct of the first. A1l
me shtemsts to srove Lthinss with Imrreszs z2re in Imrress.los.

From Fichasrdl400.4227 on Merch Z3. 1982 21 8132 PH

I“ve collected together three definitions {(times: even: divides) znd
24 theorems Tor Imeress to rrove. The Tile is Ineress.Tebld400.42273.
# log of Inevess’s efforts is Bcorsilmeress.los.  Would wou czre Lo
renzme Inrress.Tst into zour Imrress ares znod bske it of T me hesnodsT
I get thne imrression that when zou Tigure out whern Lo unfold most of
these theorems should be rrovable. Bub be no mesns =211

BFw bhe wesge mg earlier definition of divides wss defective. bWhen
Impress condectured that divides{¥:0) it was wnst I mesznt Lo Ds
trugys bk ih den’h rroveible From bhst definition.

From Lincalnl2400:43247 o Arril 1% 1982 =2t 7127 PH
I heve Just hz2d 2 bash 2t Isrress and 2 reek bhroush bthe code. Could 2o

1. I couldd ot grzsr fiow wou sctuzlly rrove bthat 2 Sosl is velid sSivensoms sxio
WaET

resalution. Meube this is arn unfair susstion .. .budt could 200 sSuBmsTiEs

it priefle T



2+ Is tne rrocess {(zhove) complste T i.2. will it 2lusws wvalidete 2 losicsalls 4

E: Bw mistzke I zsked it to srovel ¥
igLlisti{Zf) - de_.list{E} & is_listi¥) & arrernd{¥:0:7}.

it succesded Dy rostulsting 2 lemmz somebhing liked
isnlisti{vardi) <-- dis_ listivarls).

gdic it Frostulste thet I was 2 list in order Lo srove the theoremivers clever)

4, Does the scheme wused Tor induction tzke the validstion rrocedure into
gocount or doesn't it metiter T {i.e. doss the shems choosing routine 4+ the
validation form 3 comrlete srocess T)

Yoy can ses whw I o2m interested bw the mention of comrleteness H1HEI
Thanks for =zour indulsence
Linc



From Leon Hersl400:.43210 on Juluy 24 1982 2t 4140 PH
Buz in commutativity of adodition.

From Richard Hes[400:4221 on Ausiust S5 1982 =2t 4150 PM

ITmpressifFroblm. Tst
contegins 2 new rroblem for Imerress to tackle, I <<thirmk>> the sroblen
i® Lthat member is defined =2¢ in FPrologs, i.e. there is z "hase" ocRser
but it is member{X, [XI1.13Ff there iz no bhase case on the dats structure.
I“ve tried 211 the examrles in Imrres.Tstd the distinguishing characteristic
of the ones that fzil sesms to be that thew resuire induction on & variasble
that Imrress isn’t Frerasred

that Imrress cdoesn’t want to do induciton ome.  Hot heving ters information
that will re—-assure it that these arsuments are in faot the sort of Lthins
wod cgan induct ony bhere dossn‘t seem Lo be 2ny essy waw Tor Imrress to
work out what induction erattern Lo use.

Is there anw waw of gethting 2 more informative *rroof® Lhan
“*Theorem rroved bw Toobaz-induction®? Somehow: I can’t work us much
canfidence in such messsses: ergardless of hnow well-dustified I know
thew must be.

From Leon Hes[400:43211 on Ausust 23, 1982 =2t 11100 &M
There is 2 bug in fTiwst_semant: which is rreventing Richard's lsztest
gxamrle from succeeding the dSosl fold.sosl.

From Richard Hesld400:4227 on dugust 246 1982 at 139 FH
I have coded ur some new rroblems for Imrress,
Thew sre in the file
Ineaua,. Tsti400:4321»Inmrresl
and concern ineauslitz. It is in fact rossible to define imeauslite
recursively {(over the unary integers): thoush forcinsg it into Imeress‘s
current straitdschket is trickwr and the reasson thst onlg sSosls
inea{ds X) <--— Ltrue
can e rroved mew be dus to my fzilure to code it ue Frrorerlws. IT one
were rermitted to have 3 sredicate with THO base czses in Imerresse: the
‘pranfs should be no more difficult than the similar rroofs for less.
AEHE *ul® is mot trued Imeress correctle feils to prove it.3
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Vigwed erocedurslls thds ds 3 csll to isolsits {mw lansususe sresoeled Lhis in
pal:] ard sosition sre conditions
of bne srocedurs.
Haged declsrativelws fthizs iz z  ftneorem in Lhe Mets-Theore of alg@ebrs. A

Liieorem is erovsd? L Induly!

il oW doess L

Horks oy resolubione
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saustione: fransforminsg it dmbo 20 oessustion where fthe solution is imsedistelw

3

raad off. Whst a2re  ths shout bheorss rroving mebnoodsT

CW‘%
Sounaness: Terminstion
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J¥ OCC ¢ Proving the dusl occurrence of the unknown in the ecuztion Lhm.

l.ean

Uedated! 15 Sertember 82
E 94
sonlvel{EansX»Soln) <-— occi{XsEan:s{s{d1)) & collect{Ean:XNow)

& rosition{XsMewsF) & isolate{PsiNewsSoln? {1

solvelEan»¥:80ln} <-— rosition(XsEan:Foasn)

& izsolzte{PosnsEcn:sSoln) & single_occi¥:Ean?} 32}
nool{¥sEarnsgi{N)) <—— collect(EansXrMlew) & ocoi{XsMewsMN) £3)
single. occi{dsEan) <-— opoc{X:Ean:ss{0)}) {41}
solve{ban: X X=Ans) <~- free_.of{l:Ans) & ecuiviEensX=fns) {5}
soalve{EansXr50ln) <-- sauivi{EansNew) § solveiNew:Z:50ln) {&)
eouiviEansMew) <-- collect{Ean:sXsNew) _ (7}
Mesating and skolemizing (1) dHives
oeeixrennes(s{0))} e fiwel
callect{sanxsnew) - fiwed
rosition{xsnewsrl o niwed
isolate(rsnewrsoln) <—-- fiwed
- salve{eansMssoln? gazl 3

' e £~
Resolving sosl with (&) gives f@f;MINé ,
- pauiviean:sNew) & solvei{Newsxrsolnl {(R1)

Resolving (R1) with (2) gives

S pagivieanesNew) § rosition{x:sNew:F) § isolzte{FsNewsrsalnl
g single_occixsNew) ((RE)

Resolving (RZ) with hurd gives
- gauivieansnewl? & rosition{xesnewsr) & sinsle.occ{xrnew) (R3)
Resolving (R3) with hurd gives
a-- apuiviean:snew) £ single_occol(dsnewd (R4}
Resolving (R4} with (7)) sives
€ collecti{sans¥rnew) & single_occ{xrnew) (RS
Resolving (RE) witn (4) Hives
“~= gollectiesansX:new) & cco(xsnewss{(0)) {R&)
lving hwerl forwsrd wrt (3) Hives

éeunpxrﬂew} e gl occ{vsNewss{0}) L-—
/ﬁé latter hurl’.

/



*

Resolving (Ré) with nwe? gives
ne&ins
“em nec(xrefns(0)) (R7)

Resolving RY with hwerel’ gives a— Hooraw!
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This method wes used in chengins 141 o 2.
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