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Syntax

PropositionalConstantsraining, snowing, cloudy

Negations: Araining

Conjunctions{raining ! snowing)
Disjunctions: (raining " snowing)
Implications: (raining # cloudy)
Reductions: (cloudy $ raining)
Equivalences(cloudy % raining)

Nesting: ((raining " snowing) # cloudy)
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Propositional Interpretation

A propositional interpretation IS anassociation
betweerthe propositionalconstantsn a propositional
languageandthetruth valuesT or F.

p——T p =T
q——F q=F
r——T r'=T
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Sentential Interpretation

A sentential interpretation iS anassociatiorbetween
thesentences a propositionalanguageandthetruth
valuesT or F.

p=T " q)=T
q=F (Ag" r)=T
F=T (" q)! Ag" r)i=T

A propositionainterpretatiordefinesa sentential
interpretatiorby applicationof operatorsemantics.
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Operator Semantics

¢ -9 ! | # ¢ Y lovy
T| F T T| T T T| T
FI T T F| F T F| T
F T F F T T
F F| F F F| F
o Y| Pp=vy ! I# " ! I# "
T T T T T| T TT| T
T F| F T F| T T F| F
FT| T F T| F F T| F
F F| T F F| T F F| T
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Evaluation
Interpretation:
pr =T
g = F
r' =T
CompoundSentence

" q)! (Ag"
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Truth Tables

A truth table is atableof all possibleinterpretations
for the propositionalconstantsn alanguage.

p q r
T TT
T T F Onecolumnperconstant.
T F T
T F F Onerow perinterpretation.
F TT
FE T F For alanguagewith n constants,
E R T thereare2” interpretations.
F F F
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Properties of Sentences
Valid A sentencas valid if andonly if

every interpretatiorsatisfiesit.

A sentencas contingent if andonly if

Contingent | some interpretatiorsatisfiesit and

some interpretatiorfalsifiesit.

Unsatisfiable

A sentences unsatisfiable if and
only if no interpretatiorsatisfiest.

12/4/08




Properties of Sentences

Valid
A sentencess satisfiable if andonly
if it is eithervalid or contingent.

Contingent

A sentencess falsifiable if andonly
if it is contingentor unsatisfiable.

Unsatisfiable
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Evaluation Versus Satisfaction

Evaluation:
p = T (pvg) =T
qg = F (—q) =T
Satisfaction:
(pvg)y =T p =T
(—q) =T q = F
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Logical Entailment

A setof premisesX logically entails a conclusion
(writtenas& |=" ) if andonly if everyinterpretation
thatsatisfiesthe premiseslsosatisfiesthe
conclusion.

{p} =" 9)
{p} #@! 9
{p.a}1=@! 9
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Proof (Official Version)

A proof of aconclusionfrom a setof premisess a
sequencef sentenceterminatingin the conclusion
in which eachitemis either:

1. apremise

2. An instanceof anaxiomschema

3. theresultof applyingarule of inferenceto earlier
itemsin sequence.
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Provability

A conclusionis saidto beprovable from a setof
premisegwritten & |- ' ) if andonly if thereis afinite
proof of the conclusionfrom the premisesusingonly
ModusPonensandthe StandardAxiom Schemata.
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SoundnesandCompleteness

SoundnesdOur proof systemis sound, i.e. if the
conclusionis provablefrom the premisesthenthe
premisegropositionallyentailthe conclusion.

(&[-")# (&[=")
CompletenesOur proof systemis complete, i.e. if the
premisegropositionallyentailthe conclusionthenthe
conclusionis provablefrom the premises.

(&[=")# (&]-")
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Metatheorems

DeductionTheorem& |- (" # () if andonly if
& {"}1I-(.

EquivalencelTheorem& |- (' % () and& |- *, thenit
is thecasethat& !+, .
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Clausal Form

A literal is eitheranatomicsentencer a negationof
anatomicsentence. i
p, Ap

A clausal sentence is eithera literal or adisjunction
of literals.
p.AP, p" q

A clause is asetof literals.

1}, {Ap}, {p.q}
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Conversion to Clausal Form

ImplicationsOut:
Il # AL ST
I %! # I $A!
P& # (Al $1) (! $Al)

Negationdn:
AA! "
A¢ #!') " Al $AI
A¢ $!1) " Al #AI
12/4/08
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Conversion to Clausal Form

Distribution
P #) 8 (" )#U, )
(!1#!2)"!3 $ (-’1"!3)#(-’2"!3)
LU S (L)
(!1""2)”!3 $ ("1"!2”!3)
PoH( L, #D) S (L #!ILHD)
(!1#!2)#!3 $ (-’1#!2#!3)

OperatorgOut
GV NG, = Q@)
NN, — Q... @,

12/4/08
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ResolutionPrinciple

General:
U,
# WA L)
g # )
Example: {p.q
{=p.r}
{a.r}
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SoundnesandCompleteness

A sentences provable from a setof sentenceby
propositionakesolutionif andonly if thereis a
derivationof the emptyclausefrom the clausalform
of &) {A' }.

Theorem:PropositionaResolutionis soundand
completej.e.&|=" if andonlyif &|-' .

12/4/08 20
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Davis Putnam Procedure

function dp (&)
{for ' in vocabulary(&)
do {var &3 {};
for , ;in &for, ,in &
such that ' - ,1A' -, A
do {var, G , ;. {l}) ,2.{~A'}~; N
if not tautology(, Qthen &G3-& Q {, O};
&+& . {, -& |' -, orA" - ,}) &&;
return {if {} - & then unsatisfiable else satisfiable}}

function rautology(, )
{'- , andA' - |}
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Davis-Putnam Example

{p.q.1} {q.1}
{p.q, Ar} {q, Ar}
{r.Aq,r} {Aq, 1}
{p.Aq, Ar} {Aq, Ar}
{Ap.q.,1}
{Ap, q, Ar} {r}
{Ap,Aq, 1} {Ar}
{Ap, Aq, Ar}

{}

Cost=16+ 4 + 1 = 21 resolutions
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Davis PuthamLogemann_oveland

function dpll (&)
{var"' ;
if & ={} then return yes;
if {} - & then return no;
" + choosevocabulary(&));
if dpli(simplify(&,"' )) return yes
else return dpll(simplify(&A' ))}
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Simplification

function simplify (&,' )
{var &0;
for, - &
do {if - , then skip
else if negation(' )- ,
then &3 &0 {, . {negation(' )}}
else &3 &0 {, }}}

Example: A A A
simplify ({{ p.gy{ Ap.r}{ Ar.stt p) = {rh{ Arsh}

12/4/08 24
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Words

Variables beginwith characterérom theendof the
alphabeffrom u throughz).

Constants beginwith digits or lettersfrom the
beginningof the alphabe{from a throughr).
Object constants referto objects.
Function constants denotefunctions.
Relation constants referto relations.
Thereis no syntacticdistinctionbetweerobject,
function,andrelationconstants.Thetypeof each
suchword is determinedrom context.

12/4/08 26
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Functional Terms
A functional term is anexpressiorformedfrom
ann-ary functionconstantandn termsenclosed
in parentheseandseparatethy commas.
fatheri(joe)
agey(joe)
plus,(x,2)

Functionaltermsaretermsandsocanbe nested.

plus,(ageq(fatheri(joe)),age,(mother,(joe)))
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Relational Sentences

A relational sentence is anexpressiorformedfrom
ann-ary relationconstanandn termsenclosedn
parentheseandseparatedy commas.

happy,(art)
lovesy(art,cathy)

Relationalsentencearenor termsandcannot be
nestedn termsor relationalsentences.

No! happy,(person,(joe)) No!

happy(joe)
person,(joe)

12/4/08 28

14



Logical Sentences

Logical sentencem RelationalLogic areanalogous
to thosein Propositionalogic.

Aloves(art,cathy)
(loves(art,betty) ! loves(betty,art))
(loves(art,betty) " loves(art,cathy))
(loves(x,y) # loves(y,x))
(loves(x,y) $ loves(y,x))
(loves(x,y) % loves(y,x))

Parenthesizatiorulesarethe sameasfor
Propositionalogic.
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Quantified Sentences

Universalsentenceasserfactsaboutall objects.
| x.(person(x) # mammal(x))

Existentialsentencasserthe existenceof anobject
with givenproperties.

Ox.(person(x) ! happy(x))

Quantifiedsentencesanbe nestedwithin other
sentences.

| x.apple(x) " Ox.pear(x))
| x.0y.loves(x,y)

12/4/08 30
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Conceptualization
Universe of Discourse - asetU of objects.
{0, 1}
Functional Basis Set - set{f,,....f,.} of functionson U.
frU1L U
Relational Basis Set - set{r,,...,r,} of relationson U.

r, 2 Uk
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Interpretations

An interpretation is a mappingfrom the constants
of alanguagento elementsf a
conceptualizatio®U,F,R4

i. objconst 1 U
i funconst 1 F

i: relconst 1 R

Thearity of thefunctionandrelationconstants
mustmatchthe arity of their interpretations.

12/4/08 32
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VariableAssignments

An variable assignment for a conceptualization
3U,F,R4is amappingof variablesinto U.

vi:variablel U

Universeof Discourse:

U={O,!}

Example: Example:
v(x) =0 v(x) =!
v(y) =1 v(y) =1
v(z) =! v(z) =!
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Value Assignments

A value assignment s,, basedon interpretation
andvariableassignment is a mappingfrom the
termsof thelanguagento the universeof
discoursehatagreeswith i on constantsthat
agreeswith v onvariablesandthat, for functional
terms,yieldstheresultof applyingthe
interpretatiorof thefunctionalconstanto the
valuesassignedo theargumenterms.

Siv(5):i(5)
,Siv(6):v(6) .
su((8LE, 8)=i(7)(s;,(8).E, 5,(8))

12/4/08 34
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Truth Assignments
A truth assignment t,, basedon interpretation
andvariableassignment is a mappingfrom the
sentencesf thelanguageanto { rrue, false}.

t,. sentence 1 {true, false}

Thedetailsof thedefinition aregivenonthe
following slides.
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Relational Sentences

A truth assignmensatisfiesa relationalsentence
if andonly if thetuple of objectsdenotedoy the
argumentss amemberof therelationdenotedby
therelationconstant.

((ABE ,8)) =true if 3,(8).E ,5,(8)4- i(9)
= false otherwise

12/4/08 36
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Logical Sentences
t.(A") = true iff t,(') = false
t, (" V() =true iff t, (") =true andt, ((') = true
t,(" " ()=true iff t, (") =trueort, (() = true
t, (" # ()=true iff t, (") =falseort, (() = true
t.("$ ()=true iff t, (") =true or ¢, (() =false
(% () = true iff £,(") = 1,(()

12/4/08
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Versions

A version w[: + x] of avariableassignmeniv is
thevariableassignmenthatagreeswith w onall

variablesexcept:, whichis assignedhevaluex.

wl: + x](1) = w(p)
wl:+ x](:)=x

12/4/08
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Quantified Sentences
A universallyquantifiedsentences truein
interpretationy andvariableassignment if and
only if thescopeis truefor I andeveryversionof v.
Ll 2 )=true iff 1,0, (" )=true for all x- /il
An existentiallyquantifiedsentencés truein
interpretationy andvariableassignment if and

only if thescopeis truefor I andsomeversionof v.

1, (OV." )=true iff #;,... (" )=true for somex- /il.
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HHHHerbrand

The Herbrand universe for a setof sentences
RelationalLogic (with atleastoneobjectconstant)s
the setof all groundtermsthatcanbeformedfrom
justthe constantaisedin thosesentencedf thereare
no objectconstantsthenwe addanarbitraryobject
constantsaya.

The Herbrand base for a setof sentencess the setof

all groundatomicsentenceghatcanbeformedusing
justthe constantsn the Herbranduniverse.

12/4/08 40
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HerbrandTheorem

Herbrand Theorem: A setof quantifier-freesentences
in RelationalLogic is satisfiableif andonly if it hasa

Herbrandmodel.

12/4/08 41

ModusPonens

e #
/

12/4/08 42
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Universal Generalization

Rule of Inference

#$.
Examples:
p(x) p(x)# q(x)
[ x.p(x) [ x.(p(x) # q(x))

Standard Axiom Schemata

i " #((# ")
D: ( # ((# *N# (C# O# ( # %)
CR: (A(# ")# (AC# A)# ()

((# ')# (((# A)# AQ)
EQ: (% ()# ( # ()

(% (O)# ((#')

C# O# ((# )% ¢ %)
0QN( $ (V% ((# )
(" O% A # ()
(1 ()% AR " AQ)

12/4/08 44
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Standard Axiom Schemata (concluded)

ub: 1o . # ()# (I . #: .()

uG: " # [ !
where: is notfreein'

ul: o # '[+8 ]
where8is freefor : in!

ED: 0:. %A/; A’
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Freedom

A variableis free in asentencdf andonly if it occurs
outsideof the scopeany quantifierof thatvariable.

x isfreein p(x).

xisfreein Oy.p(x,y).
xisfreein (p(x)! | x.q(x)).
x is not fred x.p(x).

Thestatementhata variableis free in a sentences not

the sameasthe statementhatatermis free for a
variablein a sentence!

12/4/08 46
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Substitutability

A term 8is substitutable for : in' if andonly if it
thereareno occurrencesf : in thescopeof a
guantifierof a variablein 8.

SometextssayQ is free for y in ' Oinsteadof & is
substitutabldor y in ' O

mother(jane) is freefor yin  hates(jane,y).
mother(x) isfreeforyin  hates(jane,y).
mother(x) isfreeforyin  Oz.hates(z,y).
mother(x) IS not freefor y in Ox.hates(x,y).

mother(x) isfreeforyin (/ x./ y.l(x,y)! 0z.h(z,y)).
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Formal Proofs

A formal proof of ' from & is a sequencef
sentencegerminatingin ' in which eachitemis
either:

1. apremise(a memberof &)

2. aninstanceof anaxiomschema

3. theresultof applyingarule of inferenceto
earlieritemsin the sequence.

12/4/08 48
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Provability

A sentence is provable from asetof sentenceg if
andonly if thereis afinite formal proofof ' from &
usingonly ModusPonenslniversalGeneralization,
andthe standarcaxiom schemata.

Soundnes3heoremif ' is provablefrom &, then&
logically entails' .

Completenes$heorem(Godel):If & logically entails
' ,then' is provablefrom &.
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Decidability Results

Logical Entailmentfor RelationalLogic is
semidecidable.

Logical Entailmentfor RelationalLogic is not
decidable.

Arithmeticis notfinitely axiomatizablan Relational
Logic.

12/4/08 50
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Inseado
ImplicationsOut:
I, # AL S,
%!, # I ,$A/,
!1&!2 # (A!1$!2)I (!1$A!2)
Negationdn:
AA! "
A¢,#1,) " Al $A!I,
A¢,s!,) " Al #Al,
A%&.! " &A!
A &! " %&A!
12/4/08 52
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Inseadd/continued)

Standardizevariables

Fx.px)" I'xqgx) # !'xpx)"!yqly

ExistentialsOut (Outsidein)
Ix.p(x) " p(a)
I x(p(X)" #2.0(X,Y,2) $ ! x(p(X)" a(x,y, f(x,y)))
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Inseadd/continued)

Alls Out
Ex(p()" axy, f(xy) #  p(x)" axy. f(xy))

Distribution

LUULEL) S (L )RCLT)
(!1#"2)”!3 $ (',1"!3)#(!2"!3)

12/4/08 54
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Inseado (concluded)

OperatorgOut
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Unification

A substitution5 is a unifier for anexpression and
anexpression{ if andonlyif 5 =(5 .

p(X,Y){X + a,Y + b,V + b}=p(a,b)
p(a,V){X + a,Y + b,V + b}=p(a,b)

If two expressionfiavea unifier, theyaresaidto be
unifiable. Otherwisetheyarenonunifiable.

p(X,X)
p(a,b)

12/4/08 56
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Most GeneralUnifier

A substitutionb is amost general unifier (mgu) of two
expressiond andonly if it is asgeneralasor more
generakhanany otherunifier.

Theoremif two expressionareunifiable,thenthey
haveanmguthatis uniqueup to variablepermutation.

p(X,Y{X + a,Y + V}=p(a,V)
p(a,V){X + aY + V}=p(a,V)

PpX,YHX + a,VvV + Y}=p(a)Y)
p(@a,V){X + aVv+ Y}=p(a)Y)

12/4/08 57

Relational Resolution |

(#,,. A#,. #
(o #L#S
where $ =mgu(" #)

12/4/08 58
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Relational Resolution Il

{" e "}
{# e # B}
{"$,..." $# ... 7 %

where %= mgu"$ .,#)

where $is a variable renaming on "

12/4/08 59

Relational Resolution 1l (Final Version)

(0

v

(@D U (V' {-y})o
where¢ € @', a factor ofd
where-y € W', a factor of¥¥

whereo = mgu¢r,y)
wherert is a variable renaming ap

12/4/08 60
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Provability

A resolution derivation of aclaus€ from aset& of
clausess a sequencef clausegerminatingin ' in
which eachitemis

(1) amemberof & or

(2) theresultof applyingtheresolutionto earlieritems.

A sentence is provable from asetof sentenceg& by

resolutionif andonly if thereis a derivationof the
emptyclausefrom the clausalform of &) {A" }.

A resolutionproof is aderivationof theemptyclause
from the clausalform of the premisesandthe negation
of thedesiredconclusion.

12/4/08 61

SoundnesandCompleteness

Metatheorem: Provability usingthe Relational
ResolutionPrincipleis soundandcompletefor
RelationalLogic (without equality).

12/4/08 62
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Answer Extraction Method

AlternateMethodfor Logical Entailment: To
determinewvhethera set& of sentencefogically
entailsa closedsentence , rewrite&) {' # goal} in
clausalform andtry to derivegoal.

Methodfor AnswerExtraction: To getvaluesfor free
variables: ;,E, : , in" for which & logically entails' ,
rewrite&) {* # goal(: E ,: )} in clausalform and

try to derivegoal(: .,E, : ).

Intuition: Thesentencdq(z) # goal(z)) saysthat,
whenevery satisfiesy, it satisfiesthe @joalO.
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Strategies

Elimination StrategiegConstrainton clauses):
IdenticalClauseElimination
PureLiteral Elimination
TautologyElimination
SubsumptiorkElimination

RestrictionStrategiegConstrainton inferences):
Unit Restriction
Input Restriction
Linear Restriction
Setof SupportRestriction

12/4/08 64
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ClausesandChains

A clause is asetof literals.
{p.Aq.Ar}

A chain is asequencef literals
&,Aq,Ar4

12/4/08 65

OrderedResolution

<(pl """ (pm’wl """ w;1>o
whereo = mgu(g,y)

12/4/08 66
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Semi-Ordered Resolution

(P R
W yseep,)

<(;01 ----- Qs W 1s-s %)0
whereo = mgu(-@,y)

12/4/08
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Contrapositives

A contrapositive of achainis a permutationn
which a differentliteral is placedat the front.

Chain: ¥, Aq Ard
Contrapositive: 3Ag,p,Ar4
Contrapositive: 3Arp,Ag4

The contrapositive®f a chainarelogically
equivalento the original chain.

12/4/08
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Model Elimination

Model Elimination is avariantof OrderedResolution
thatincorporateghe Linearity Restrictionin the
definition of therulesof inference.

UsingModel Eliminationalone,it is possibleto build
atheoremproverthatis soundandcompletefor all of
RelationalLogic.

Moreover,it workswith the Setof Supportstrategy
andthe Input Restriction!!!

12/4/08 69

Normal and Reduced Literals

NormalLiterals:

P
Aq
Reduced.iterals:
[P]
[Ad]
Chains: i
P.Aq,[pl.rd

12/4/08 70
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Model Elimination Rules

Reduction .,
R
1$.%,,..8.#
" o [$ 1.8, 8 1
Cancellation ~ Where %= MguA”.$)
el # L # e # S
!”l""'”m’[#]!#ly---;#n$%7
where%= mguA" #)
Dropping
(@rree s @)
12/4/08 -
Epilog

Epilogis atheoremproverfor RelationalLogic. It is
soundandcomplete. It is atleastasefficientas
Model Elimination,andit is arguablymoreefficient.
It is somewhamoreintuitive thanordinary
Resolution.

Features:
Rule Forminsteadof ClausalForm
BackwardChainingvariantof the ME rule
Iterative DeepeningatherthanBreadth-FirstSearch
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Rule Form

IPremiseareexpresse@srules.

(p) p=
(-p) ~p=
(r,-p,~0) r<=png
Conclusionsaareexpresse@sgquestions.
Ip" Ap?
IAp" p?
IAp,Ag,r" p#q# Ar?

12/4/08 73

Backward Chaining

BackwardChainingis the sameasreductionexcept
thatit workson rule form ratherthanclausalform.

=@ A AP,
YAYP, A AY,?

QA A AN[YIAY A Ay, R0
whereo = mgue,y)

Reducediteralsneedberetainedonly for non-Horn
premises.

CancellatiorandDroppingareanalogous.

12/4/08 74
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Equality
An equation5 = 8is truein aninterpretation if and

only if thetermsin theequatiorreferto thesame
objectin theuniverseof discourse.

5=8

12/4/08 76
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Example

Interpretation:
i(a) =0
i(h) ="
i(c) =0

i(f)={01 ! ,1 1 O}
i ={30,!43,! 4

SatisfiedSentences
a=a a = f(b) a= f(f(a))
a;, b b = fla) a=f(f(c))
a=c b = f(c) b=f(f(b))
b=b c =f(b) c=f(f(a))
12/4}&5; C C:f(f(C)) 7

Unique Names Assumption

In manyapplicationspnemakesthe assumptiorthat
everyobjecthasauniqguename. Thisis calledthe

uniguenamesassumptio{UNA). Theupshotis that
adifferencein nameimpliesadifferencein referent.

5=8% 5 =8
Theuniquenamesassumptions not truein general!!!

QuestionHow doesoneexpresghe uniquenames
assumptionn RelationalLogic?

12/4/08 78
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Equational Reasoning

Axioms (reflexivity, symmtery transitivity, subst)
ParamodulatiomndDemodulation

X RUE (Disagreemengets)

x AC-unification
X RewriteRules

12/4/08 79

Equality Axioms

Reflexivity
| xx=x
Symmetry:
[ xI y.(x=y # y=x)
Transitivity:

| x! yl z.(x=y! y=z# x=2)

12/4/08 80
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Equality Axioms in Rule Form

Reflexivity
x=x
Symmetry:
x=y$ y=x
Transitivity:
X=z $ X=y | y=z
12/4/08 81
Equality Proof
1. b=a Premise
2. b=c Premise
3. x=x Equality
4, x=y<=y=x Equality
5. x=z<=x=yay=z Equality
6. a=c? Goal
7. a=yAny=c? 5,6
8. y=aay=c? 4,7
9. b=c? 1,8
10. ? 2,9

12/4/08
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Equality Problem

1. f(a)=b Premise

2. f(b)=a Premise

3. x=x Equality

4, x=y<=y=x Equality

5. x=z&<=Xx=yAy=Z Equality

6. f(f(a)=a? Goal

7. a=f(f(a))? 4,6

8. f(fla)=yry=a? 5,6

9. f(f(a)=waw=yary=a? 5,8

10. f(f(a))=vAv=wAaw=yAay=a? 5,9

12/4108 83
Flattening

Equivalence:

f(fla))=a % Ox.(la)=x! fix)=a)

Rewrite:f(f(a))=a
As: Ox.(fla)=x! f(x)=a)
As: fla)=c! f(c)=a

Rewrite:f(f{a))=a?
As: Ox.(fla)=x! f(x)=a)?
As: fla)=x! f(x)=a?

12/4/08
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Proof With Flattening

1. f(a)=b Premise

2. f(b)=a Premise

3. x=x Equality

4. x=y" y=x Equality

5. x=z" x=y#y=z Equality

6. fla)=x#f(x)=a? [f(f(a)=a?
7. fb)=a? 1,6

8. ? 2,7

12/4/08 85

Substitution Axiom

FlatteningRule:

f(fla))=a % Ox.(la)=x! fix)=a)

SubstitutionAxiom:

fX)=z% x=y! Ay)=z

12/4/08 86
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Proof With Substitution

1. f@=b Premise
2. fb)=a Premise
3. X=X Equality
4. x=y" y=X Equality
5. X=z" X=y#y=z Equality
6. f(x)=z" x=y#f(y)=2z? Substitution
7. f(f(a)=a? Goal
8. f@=y#f(y)=a? 6,7
9. f)=a? 1,8
10. ? 2,9
12/4/08 87
Notes

Substitutionaxiomsfor relationconstantgoo.

p(x)$ x=y! p(y)

Substitutionaxiomsfor multiple arguments

p(xy)=z$ x=u! y=v! p(u,)

Needonesubstitutionfor eachfunctionandrelation

constant.

12/4/08

88

44



12/4/08

Demodulation

{000
"\ ="2
g0 M #S A

where " occurs in !

where " # ="

89
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Examples

pla, f(b,g(a,h(b)),c),d)
b=e

pla. f(e.g(a,h(e)),c).d)

p(a, f(b,g(a,h(b)),c),d)
g(x,y) = j(X)
p(a, f(b,j(a),c),d)
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Non-Examples

Unit EquationOnly

pla,g(a,b),c)
glay)=y" p)
pla.g(a,b),c)" p(d)
VariablesSubstitutedn EquationOnly
p(a,g(x,b),c)
g(@,y) = j(y)
p(a,j(0),c)

12/4/08
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Problems With Demodulation

Cannotbind variablesin expression:

father(pat) = quincy
older( fathern(x), x)
older(quincy, pat)

Equationmustbe a unit clause
father(x) =y < x = pat A y = quincy
older( father(x), x)
older(quincy, pat) < x = pat A y = quincy

12/4/08
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Paramodulation

{v,...t,=17,,.... 9.}

{ (pl """ (pn ’QIU1 """ QIUn} O[ th < TZG]
wheret occurs ing,
wheret,o = to
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Example

{ p(f(x,b),x),q(x)}
{f@y) =yry)}
{ p(b,a),q(a),r(b)}
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Proof With Paramodulation

{ father(pat) = quincy} Premisi
{older( fathern(x), x)} Premis
{Aolder(quincy, pat)} Goal
{older(quincy, pat)} 1,2

{} 34

oo wN P
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Proof With Paramodulation

1. {p(a)} Premise

2. {p)} Premise

3. {a=c,b=c} a=c"b=c
4. {Ap(c)} Goal

5. {Ap(a),b=c} 3.4

6. {Ap(a)Apb)} 4,5

7. {Ap(b)} 1,6

8. {} 2,7
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Differences

(1) Demodulatiorrequiresa unit equation.
(2) Demodulatiorbindsvariablesin equationonly.

(3) Demodulatiordeletesparent.

12/4/08 97

Power

Theorem:ResolutionandParamodulatiorftogether
with thereflexivity axiom)arerefutationcompletefor
all of RelationalLogic*.

*including equality

12/4/08 98
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Detalls

Monday3:30pmin TermanAuditorium.

Onehourand15 minutesof threehours.

Closedbook.

Easy.

12/4/08
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Hints

1. Studythe Problemson the ProblemSets.
2. Studythe Problemson the ProblemSets.
3. Studythe Problemson the ProblemSets.
4. Studythe Problemson the ProblemSets.
5. Studythe Problemson the ProblemSets.
6. Studythe Problemson the ProblemSets.
7. Studythe Problemson the ProblemSets.
8. Studythe Problemson the ProblemSets.
9. Studythe Problemson the ProblemSets.
10. Studythe Problemson the ProblemSets.
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