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Proofsg

e A |proof|is a mechanically derivable demonstration th
a formula logically follows from a knowledge base.

e Given a proof procedurekB ~ g| meangy can be
derived from knowledge bad¢B.

e Recall KB = g|meangyis true in all models oKB.

e A proof procedure issound if KB - g implieskKB = g.

e A proof procedure iscompleteif KB = gimplies
KB I g.
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Bottom-up Ground Proof Procedurre

One| rule of derivation|a generalized form ahodus ponens

If“h <« b1 A...ADby"is aclause in the knowledge
base, and eadh has been derived, thédncan be
derived.

You are forward chainingon this clause.

(This rule also covers the case whanr= 0.)
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Bottom-up proof procedufe

KB I gif g € C at the end of this procedure:

C:=1{}
repeat
selectclause h < by A ... A by In KB such that
b € Cforalli, and
h¢ C,;
C:=Cu{h}
until no more clauses can be selected.
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Nondeterministic Choide

e | Don’t-care nondeterminismf one selection doesn't
lead to a solution, there is no point trying other

alternatives| select

e | Don't-know nondeterminismif one choice doesn't lead

to a solution, other choices maghoose
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Soundness of bottom-up proof procedu

If KB+ gthenKB = g.

Suppose there is@such thaKB g andKB - g.

Let h be the first atom added @ that’s not true in every
model ofKB. Supposé isn't true in model of KB.
There must be a clause KB of form

h<«<biA...Abnp

Eachbj is true inl. his false inl. So this clause is false in
Thereford isn’'t a model ofKB.

Contradiction: thus no suahexists.

Oog
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Fixed Point

TheC generated at the end of the bottom-up algorithm is
called & fixed point.

Let| be the interpretation in which every element of the fix
point is true and every other atom is false.

| is a model oKB.

Proof: supposé <— by A ... Abypin KBis false inl. Thenh
is false and each is true inl. Thush can be added tG.
Contradiction taC being the fixed point.

| is called a Minimal Model.
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Completenegs

-

If KB = gthenKB - g.

Suppos&B = g. Thengis true in all models oKB.
Thusg s true in the minimal model.

Thusg is generated by the bottom up algorithm.
ThuskB F g.
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Top-down Ground Proof Procedure

Idea: search backward from a query to determine ifitis a
logical consequence &IB.

An | answer clausgs of the form:

YeS<—a ANazx A ... A\ am

The| SLD Resolutionof this answer clause on atcawith
the clause:

g <~ biA...ADp
is the answer clause

yes<—ap A...Adi_1Abi AL A AGIL I AL A A

i
0
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Derivation$

An[answeris an answer clause with = 0. That s, it is the
answer clausges<« .

A | derivation of query “Y1 A ... A Q" from KB is a
sequence of answer clausesyi, ..., yn such that

® o is the answer clausges< g1 A ... A Ok,
e y; is obtained by resolving;_; with a clause irKB, and

® ), is an answer.
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Top-down definite clause interprefer

To solve the query@ A ... A Qk:

ac:="“yes< Qi A ... AOQk’

repeat
select a conjunay; from the body ofac;
choose claus€ from KB with g as head;
replaceg; in the body ofac by the body ofC

until acis an answer.

© David Poole, Alan Mackworth, Randy Goebel, and Oxford University Press 1999

Computational Intelligence Chapter 2, Lecture 5, Page 4

Example: successful derivatipn

a< bAc. a<enf. b« fAKk.

C<« e d < k. e.

f<—jnre f <—c j < cC.
Query: &

Yo: Yyes< a va: Yes< e

y1: yes< enf V5. YeS<

v2 . yes<«f

¥3: Yyes<c

© David Poole, Alan Mackworth, Randy Goebel, and Oxford University Press 1999


http://www.cs.ubc.ca/spider/poole/ci.html
http://www.cs.ubc.ca/spider/poole/ci.html

Computational Intelligence Chapter 2, Lecture 5, Page 5

Example: failing derivation

a< bAc. a<enf. b« fAk.

C<« e d < k. e.

f<—jne f < c. j < cC.
Query: &

Yo: Ye€s<—a va: Yyes< eAKAC

y1: yes<bAac v5: yes< kAc

v2: yes<f AKkAC

y3: Yes< CAKAC
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\"4

Reasoning with Variables

e An|instanceof an atom or a clause is obtained by
uniformly substituting terms for variables.

e A|substitutionis a finite set of the form
{V1/t1, ..., Vn/tn}, where eachlV; is a distinct variable
and each is a term.

e The|application of a substitution

o = {V1/t1, ..., Vn/th} to an atom or clause written
eo, is the instance of with every occurrence of;
replaced byt;.
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Application Examplejs

The following are substitutions:
e 01 ={X/AY/b,Z/C,D/e}
e o2 ={A/X,Y/b,C/Z,D/e}
e o3=1{A/V,X/V,Y/b,C/W,Z/W,D/e}

The following shows some applications:
pP(A, b,C, D)oy = p(A, b, C, e
pX,Y,Z,eo1 = p(A b, C, e

P(A, b, C,D)or = p(X,b,Y, e
pX,Y,Z,e)or =p(X,b,Y,e

pP(A, b, C,D)os = p(V,b, W, e
pX,Y,Z,eo3=pV,b, W, e

0og
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Unifiers
e Substitutions is alunifier| of e; ande; if e;0 = exo.

e Substitutiono is a| most general unifiemgu) ofe; and
e if
m o IS a unifier ofe; andey; and

m if substitutiono’ also unifiese; andey, thenes’ is an
instance oo for all atomse.

e |f two atoms have a unifier, they have a most general
unifier.
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Unification Example

pP(A, b, C, D) andp(X, Y, Z, e) have as unifiers:

o1 ={X/A,Y/b,Z/C,D/e}

o2 ={A/X,Y/b,C/Z,D/e}

o3 =1{A/V,X/V,Y/b,C/W,Z/W, D/e}
o4 ={A/a, X/a,Y/b,C/c,Z/c,D/e}

o5 = {X/A, Y/b,Z/A, C/A D/e}

o = {X/A,Y/b,Z/C,D/e, W/a}

The first three are most general unifiers.

The following substitutions are not unifiers:

o7 ={Y/b,D/€}
os = {X/a,Y/b, Z/c, D/}

0og
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Bottom-up procedule

e You can carry out the bottom-up procedure on the ground

instances of the clauses.

e Soundness is a direct corollary of the ground soundne

e For completeness, we build a canonical minimal mode

We need a denotation for constants:

Herbrand interpretationThe domain is the set of
constants (we invent one if the KB or query doesn’t
contain one). Each constant denotes itself.
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Definite Resolution with Variablé

A | generalized answer clauss of the form

Ejv)

yesty, ..., tk) < ags Aax A ... A an,

wherety, ..., tx are terms andy, ..., a, are atoms.

The| SLD resolution of this generalized answer clausean
with the clause

a<biA...ADbp,
whereg; anda have most general unifiér, is

(yedty, ..., k) <«
AN A1 AbLA L ADpAGLL AL Aam)b.

0
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To solve query B with variablesvy, . . ., Vi:

Setacto generalized answer claugegV, ..., Vk) < B;
While acis not an answer do

Supposeacisyesty, ..., k) < a1 Aa A ... Aamy

Select atong; in the body ofac;

Choose clausa <— by A ... Abp in KB;

Rename all variables ia <— by A ... A bp;

Let® be the most general unifier af anda.

Fall if they don’t unify;
Setacto (yesty, ..., lx) < a1 A ... AQ_1A
biA...AbpAGILLA ... A B0

end while.
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Example

live(Y) < connectedto(Y, Z) A live(Z). live(outside.
connectedto(wg, Ws). connectedto(ws, outside.
Aive(A).

yesgA) <« live(A).

yegA) < connectedto(A, Z1) A live(Zy).

yegwg) < live(ws).

yegwg) <— connectedto(ws, Zy) A live(Zy).

yegwg) < live(outside.

yegweg) < .
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Function Symbols

Often we want to refer to individuals in terms of componen

Examples: 4:55 p.m. English sentences. A classlist.

We extend the notion ¢ferm|. So that a term can be
f(t1, ..., ty) wheref is a|function symbo|and thet; are
terms.

In an interpretation and with a variable assignment, term
f(tq, ..., th) denotes an individual in the domain.

With one function symbol and one constant we can refer t
infinitely many individuals.
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[Listd

A list is an ordered sequence of elements.

Let’s use the constamil | to denote the empty list, and the
function|congH, T) |to denote the list with first elemeht
and rest-of-lisT. | These are not built-in.

The list containinglavid, alan andrandyis

congdavid, congalan, congrandy, nil)))

appendX, Y, Z) |is true if listZ contains the elements &f
followed by the elements of

appendnil, Z, Z).
appendcongA, X), Y, congA, Z)) < appendX, Y, ZE)
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