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8.1 SNePSLOG Syntax
Atomic Symbols

Individual Constants, Variables,
Function Symbols, Predicate Symbols:

any Lisp symbol, number, or string.

All that matters is the sequenceof characters.
l.e. "4" , \4, and 4, are the same.

The setsof individual constarts, variables, function symbols, and
predicate symbols should be distinct, but don't have to be.

Page 353



SNePSLOG Syntax
Terms

An individual constart is a term.

A variable is a term.

If t1, ..., tn areterms,thenftl, ..., tngis a setofterms.
If f is a function symbol, then f() Is aterm.

If t1, ..., tn areterms or setsof terms and f is a function
symbol, then f(t1, ..., tn) isaterm.

A function symbol needn't have a xed arity, but it might be a
mistake of formalization otherwise.
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SNePSLOG Syntax
Ws 1

If Pis a predicate symbol, then P() isaw.

If t1, ..., tn areterms or setsof terms and P is a predicate
symbol, then P(t1, ..., tn) isaw.

A predicate symbol needn't have a xed arity, but it might be a
mistake of formalization otherwise.

If P1,..., Pnarews, thenfP1, ..., Pngis asetofws.
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SNePSLOG Syntax
Ws 2

If Pisasetofws
andi and|] areintegerssudhthat 0 <=1 <= |, then

andor(i,))P isaw, and
thresh(i,))P ISaw.

If Pand Qare setsof ws and i is an integer, then
Pi=> Qisaw.
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SNePSLOG Syntax

Ws 3
If Pisaw andx1, .., Xxn arevariables,then
all(x1, ..., xn)(P) isaw.
If Pand Qaresetsofws, x1, ..., xn arevariables,andi,j, and

k are integerssudh that 0 <=1 <=| <=k, then

nexists(l, , kKX1, .., xn)(P: Q)isaw.
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SNePSLOG Syntax
Summary of Nonatomic W's

andor(i, ) fP1, ..., Pmg

thresh(i, |) fP1, ..., Prg

fP1, .., Prmgi=> fQl, ..., Qm

all(x1, .., xn)(P)

nexists(l, ,, K1, ..., xn)(
fP1, ..., Py fQ1, ..., Qm)
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SNePSLOG Syntax
Abbreviations 1

P is an abbreviation of f Pg

~Pis an abbreviation of andor(0,0) fPg

P1 and ... and Pn
IS an abbreviation of
andor(n,n) fP1, ..., Prmg

P1 or ... or Pn
IS an abbreviation of
andor(1,n) fP1, ..., Pmg
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SNePSLOG Syntax
Abbreviations 2

Pl <=> <=> Pn
IS an abbreviation of

thresh(1, n-1)fP1, ..., Prg
thresh(i) fP1, ..., Prg

IS an abbreviation of

thresnh(i, n-1) fP1, ..., Prg
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SNePSLOG Syntax
Abbreviations 3

fP1, ..., Prmg=>fQ1l, ..., Qg

IS an abbreviation

of fP1, ..., Pmg 1=>fQ1, ..., Qmg
fP1, ..., Prgv=>1fQ1, .., Qm
IS an abbreviation of

fP1, ..., Prg 1=>fQ1, ..., Qm
fP1, ..., Prg &=>fQ1, ..., Qm
IS an abbreviation of

fP1, ..., Pmgn=>fQ1, ..., Qm
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SNePSLOG Syntax
Abbreviations 4

nexists( _, J, )1, ..., xn)(P: Q)is an abbreviation of
nexists(0, |, 1)1, .., xn)(P: Q)
nexists(l, o, KL, ..., xn)(P: Q)is an abbreviation of
nexists(i, 1, K1, .., xn)(P: Q)
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SNePSLOG Syntax
Ws are Terms

Every w is aterm.

So, e.g.,Believes(Tom, ~Penguin(Tweety))
Isaw, and a well-formed term.

For a more complete, more formal syntax, see
http://www.cse.buff alo .ed u/ sneps/ Downlo ads/r ele aseNotes27. htmi

or the SNePS2.7 User's Manual,
http://www.cse.bu ffa lo .ed u/ sneps/Manuals /manual 27. pdf .
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8.2 SNePSLOG Semantics
The Intensional Domain
of (Men tal) Entities

Frege: The Morning Star is the Evening Star.
di erent from The Morning Star is the Morning Star.

Russell: George IV wanted to know whether Satt was the author of

Waverly.
not George IV wanted to know whether the author of Waverly was

the author of Waverly.

Stan Lee: Clark Kent is a mild-mannered reporter; Superman is
the man of steel.
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In tensions vs. Extensions

the Morning Star and the Evening Star
Swtt and the author of Waverly
Clark Kent and Superman

are di erent intensions, or intensional ertities, or mental entities, or
just ertities,

even though they are coreferenial, or extensionally equivalert, or
have the sameextensions.
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SNePSLOG Semantics
Intensional Representation

SNePSLOG individual ground terms denote intensions, (mental)
entities.

Mental entities include propositions.
Propositions are rst-class members of the domain.
SNePSLOGw s denote propositions.

Assumethat for every entity in the domain there is a term that
denotesit.

Make unique namesassumption: no two terms denote the same
entit y.
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SNePSLOG Semantics
AndOr and Thresh

[andor(i, ) fP1, ..., Prgj
= The proposition that
at leasti and at mostj of [P1], ..., [Pn] are true.

[thresh(i, ) fP1, ..., Pmgj
= The proposition that
either fewer than i or more than j of [P1], ..., [Pn] are true.
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SNePSLOG Semantics
Numerical Entaillmen t

..... Pg i=> fQ1, ..., Qmgj
= The proposition that
If at leasti of [P1] and ...and [Pn] are true,

then sois[QI], 1 <=1 <=m
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SNePSLOG Semantics
Univ ersally and Numerically Quanti ed

W's
[all(x1, ..., xn)(P) ]
= The proposition that [Pftl/x1, ..., tn/xn g],
for every sequenceof ground terms tl, ..., tn, ti 6 ¢ ,
IS true.
[nexists(i, |, K)}(X)(fP1, .., Prg fQ1, ..., Qm)]

= There are k sequence®f distinct ground terms t
that satisfy [PIft=xg] and, ..., and [Pnht =xd],
and, of them, at leasti, and at most | satisfy
[QIt=Xg] and, ..., and [Qrht =Xd].
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8.3 SNePSLOG Pro of Theory
The Kno wledge Base

Think of the SNePSKB asthe contents of the mind of an
Intelligent agert.

The terms in the KB denote mental entities that the agert has
conceiwved of (so far).

Someof the ws are asserted .
These denote propositions that the agert believes.

The rules of inference sanction believing someadditional
proposition(s), but drawing that inferenceis optional.
l.e., the agert is not logically omnisciert.
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SNePSLOG Pro of Theory
Implemen ted Rules of Inference
Reduction Inference

Reduction Inference 1: If Is a set of terms and ,

P(ti;:::; , ...t n) Pt 00 ty)
Reduction Inference ,: If Isasetofterms,andt 2
Pti;:::; , ...t n) Py, ..., t ..t q)
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Example of Reduction Inference

. clearkb
Knowledge Base Cleared

Member({Fido, Rover, Lassie}, {dog, pet}).
wifl!: Member({Lassie,Rover ,Fido}, {pet, dog})
CPUtime : 0.00

Member({Fido, Lassie}, dog)?

wif2!: Member({Lassie,Fi do},d ogQ)
CPUtime : 0.00
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SNePSLOG Pro of Theory

Implemen ted

Rules of Inference

for AndOr
AndOr I3: P, ..., Py andor(n;n)fPy, ..., Png
AndOr 1, ~P, ..., ~B, ~ andor(0,0) fPy, ..., Pnhg
AndOr Ej: andor(i;j)fPy, ..., Pyg, ~R, ..., ~B i P
forn i<j n
AndOr E,: andor(i;j)fPy, .., Pyg, P, .., P~ ~R,

forj <k n
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SNePSLOG Pro of Theory
Implemen ted Rules of Inference
for Thresh

Thresh Ei: When at leasti argsare true, and at leastn | 1
args are false, concludethat any other arg is true.
thresh( 1;])fP, ..., Png,
P, ... R, B+, ... Bsnj 1
) I:)|+n ]

Thresh E,: When at leasti 1 argsaretrue, and at leastn |
args are false, concludethat any other arg is false.
thresh( 1; )Py, ..., Phg,
P]_, ceey P, 1, :P|+1, ceey :P|+n j
© . p
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SNePSLOG Pro of Theory
Implemen ted Rules of Inference

for &=>
&=>: If A, P, ..., B, Qforl I m
then A ) fP]_, saay Png &:>fQ_1 nrny Qng
&=>E fP, .., P,g &>fQ, .., Qug9, P, ... P

ford 1 m
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SNePSLOG Pro of Theory
Implemen ted Rules of Inference

for v=>
v=>1 If A, B Qforl 0 nl joom
then A~ fP, ..., Pigv=>1fQ ..Q mg
v=>E fP;, .., Pogv=>1Q, ..., Qo PB; Q,
forl 1+ nl1 | m
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SNePSLOG Pro of Theory
Implemen ted Rules of Inference

for all
all Eq:
all( X)(fP(X), .., Py(X)g &&>1fQ(X), ..., Qn(X)0),
Pi(t), ..., Py(Y)
- Q(1),
forl 1 m
all E-:
alll X)(fP(X), .., Py(X)gv=1fQ(X), .., Qn(X)0Q),
P (D)
- Q(1),
forl 1 n;1 |J m
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UVBR

. all(u,v,x,y)(child Of({u ,v}, {x,y}) => Siblings({u,v})).

. childOf({Tom,Betty ,JohnMary}, {Pat,Harry}).

. Siblings({?x,?y})?

wif14!: Siblings({Mary,J ohn})
wif13!: Siblings({John,B ett y})
wifl12!: Siblings({Betty, Tonh)
wif1l!: Siblings({Mary,B ett y})
wif10!: Siblings({John, T om)
wifol: Siblings({Mary,To m})

Page 378



SNePSLOG Pro of Theory
Implemen ted Rules of Inference
for nexists

nexists E;q:
nexists (i ;j ; K)(X)(P(X) : QX)),
A(t1);Qt1), ..., F(T;), Q(t;),
r)(t_j+l)
6 ()

nexists E»:
nexists (i ;j ; K)(X)(P(X) : QX)),
P(T1):: QEa);::P(Ek i) Qb i)
Ptk i+1)
S Qtk i+1)
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8.4 Loading SNePSLOG

cl-user(2): ld /projects/snwiz/bin/ sneps

; Loading /projects/snwiz/b  in/ sneps.lis p

;;; Installing regexp2-s patch, version 1.

Loading system SNePS...10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
SNePS-2.7 [PL:0 2007/10/13 21:05:28] loaded.

Type (sneps)’ or (snepslog)’ to get started.

cl-user(3): (snepslog)

Welcometo SNePSLOQA logic interface to SNePS)

Copyright (C) 1984--2007 by Research Foundation of

State University of NewYork. SNePScomeswith ABSOLUTELNOWARRANTY!
Type copyright'  for detailed copyright information.

Type ‘demo' for a list of example applications.
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Running SNePSLOG

cl-user(7): (snepslog)
Welcometo SNePSLOGA logic interface to SNePS)
Copyright (C) 1984--2007 by Research Foundation of
State University of NewYork. SNePScomes with ABSOLUTELMOWARRANTY!

clearkb
Knowledge Base Cleared
CPUtime : 0.00

Member({Fido, Rover, Lassie}, {dog, pet}).
wifl!: Member({Lassie,Rover,Fido},{pet,dog})
CPUtime : 0.00

Member({Fido, Lassie}, dog)?
wif2!: Member({Lassie,Fido},dog)
CPUtime : 0.00
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Common SNePSLOG Commands

. clearkb
Knowledge Base Cleared

. all(x)(dog(x) => animal(x)). ; Assert into the KB
wifl!: all(x)(dog(x) => animal(x))

. dog(Fido). ; Assert into the KB
wif2!: dog(Fido)

. dog(Fido)?? ; Query assertion without inference
wif2!: dog(Fido)
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Common SNePSLOG Commands

. animal(Fido)?? ; Query assertion without inference

. animal(Fido)? ; Query assertion with inference
wif3!: animal(Fido)

. dog(Rover)! ; Assert into the KB & do forward inference
wif6!: animal(Rover)
wif5!: dog(Rover)

list-asserted-wffs ; Print all asserted wffs
wif6!: animal(Rover)

wif5!: dog(Rover)

wif3!: animal(Fido)

wif2!: dog(Fido)

wifl!: all(x)(dog(x) => animal(x))
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SNePSLOG Demonstrations

demo
Available demonstrations:

1. Socrates - Is he mortal?
UVBR- Demonstrating the Unique Variable Binding Rule
The Jobs Puzzle - A solution with the Numerical Quantifier
Pegasus - Whywinged horses lead to contradictions
Schubert's Steamroller
Rule Introduction - Various examples
Examples of various SNeREconstructs.

8. Enter a demofilename
Your choice (g to quit):

N O
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8.5 SNePS as a Net work:
Semantic Net works

has-part
Animal——— head

has-part Bird moves-by flying moves-by has-part

wing swimming< Fish fin
/ \\ %s by instance
sinH Canary Penguin Charlie
instance instance
Tweety Opus

Somepsyadological evidence.
More e cien t seard than logical inference.
Unclear semarics.

Page 385



SNePS as a Net work

. clearkb

. Canary(Tweety).

. Penguin(Opus).

. Ako({Canary,Pengui n}, Bird).
. Ako(Bird, Animal).

. show

al al r al
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De ning Case Frames

. set-mode-3

Net reset

In SNePSLO®Iode 3.

Use define-frame <pred> <list-of-arc-labels>.

define-frame Canary(class member) "[member] is a [class]"
Canary(x1) will be represented by {<class, Canary>, <member, x1>}

define-frame  Penguin(class member) "[member] is a [class]"
Penguin(x1) will be represented by {<class, Penguin>, <member, x1>}

define-frame  Ako(nil subclass superclass) "Every [subclass] is a [superclass]"
Ako(x1l, x2) will be represented by {<subclass, x1>, <superclass, x2>}
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Entering the KB

. Canary(Tweety).

wifl!: Canary(Tweety)

Penguin(Opus).
wif2!: Penguin(Opus)

. Ako({Canary, Penguin}, Bird).
wif3!: Ako({Penguin,Canary} ,Bird )

. Ako(Bird, Animal).
wif4!: Ako(Bird,Animal)

Page 388



The Kno wledge Base

list-terms

wifl!: Canary(Tweety)

wif2!: Penguin(Opus)

wif3!: Ako({Penguin,Canary} ,Bird )
wif4!: Ako(Bird,Animal)

. describe-terms

Tweety is a Canary.

Opusis a Penguin.

Every Penguin and Canary is a Bird.
Every Bird is a Animal.
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The Network
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Path-Based Inference
(ms)

superclass subclass

. define-path class (compose class

superclass subclass

(kstar (compose subclass- ! superclass)))
class implied by the path (compose class
(kstar
(compose subclass- ! superclass)))

class- implied by the path (compose
(kstar (compose superclass-
I subclass))
class-)
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Using Path-Based Inference

. list-asserted-wffs
wif4!: Ako(Bird,Animal)
wif3!: Ako({Penguin,Canary},Bird)
wif2!: Penguin(Opus)
wifl!: Canary(Tweety)

. define-frame Animal(class member) "[member] is a [class]"
Animal(x1) will be represented by {<class, Animal> <member, x1>}

. trace inference
Tracing inference.

. Animal(Tweety)?

| wonder if  wiff5; Animal(Tweety)
holds within the BS defined by context default-defaultct
| know wiffl!: Canary(Tweety)

wif5!: Animal(Tweety)
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cl-

Pro cedural Attac hment iIn SNePS

user(3): (snepslog)

. load /projects/shapiro/Sneps/Sneps262/expressions.snepslog

. define-frame Value(nil obj val) "the value of [obj]] is [val]"

. define-frame  radius(nil radiusof) "the radius of [radiusof]"

. define-frame volume(nil volumeof) "the volume of [volumeof]"

. all(x,r,p)({Value(radius(x), N, Value(pi,p)}

&=> all(v)(is(v,/(*(4.0,*(p,*(r,*(r,r)))),3.0))
=> Value(volume(x),v))).

. Value(pi,3.14159).

. Value(radius(spherel), 9.0).

. Value(volume(spherel), ?x)?

wif13!: Value(volume(spherel),3053.6257)
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8.6 SNeRE: The SNePS Rational Engine
Motiv ation

Coming to believe something

Is di erent from acting.
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Prolog Searches In Order
The KB

| ?- [user].

% consulting user...
aX) - ql(Xx), g2(X).
ql(X) - p(X), s(X).
g2(X) :- r(X), s(X).
s(X) - t(X).

p(a).

r(a).

t(a).

% consulted user in module user, 0 msec 1592 bytes
yes
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Prolog Searches In Order
The Run

| ?- trace.

% The debugger will first creep -- showing everything (trace)

yes

% trace

| ?- aa).
1 1 Call: q(a) ?
2 2 Call: ql(@ -2
3 3 Cal: p@ 2
3 3 Exit: p(@) ?
4 3 Call: s(a ?
5 4 Call: t@ ?
5 4 Exit: t@ ?
4 3 Exit: s(a) ?
2 2 Exit: ql(a) 7
6 2 Call: g2(a) 2
7 3 Call: r(@ ?
7 3 Exit: r(@ ?
8 3 Call: s(a) ?
9 4 Call: t@ ?
9 4 Exit: t@ ?
8 3 Exit: s(a) ?
6 2 Exit: g2(a) ?
1 1 Exit: q(a) ?

yes
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SNePS Avoids Extra Search
The KB

. clearkb
Knowledge Base Cleared

- alle)({al(x), q2(x)}  &=>q(x)).
- alle)({px), s(x)}  &=>ql(x)).
;- all(x)({r(x), s(x)} &=>g2(x)).
;- all(x)(t(x) => 5(X)).

. p(a).
. r(a).
. t(a).
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SNePS Av oids Extra
The Search

. trace inference
Tracing inference.

q(a)?
wonder if  wiff8: g(a)
wonder if  wifl10: g2(a)

wonder if  wiff12: gl(a)

wonder if  wiffl4: s(a)
wonder if  wif6!: r(a)
wonder if  wiffl4: s(a)
wonder if  wif5!: p(a)
know wiff6!: r(a)

know wiff5!: p(a)
wonder if  wif7!: t(a)

know wiff7!: t(a)
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SNePS Avoids Extra Search
The Answ ers

Since  wff4l: all(x)(t(x) => s(x))
and wiff7!: t(a)
| infer  wiffl4: s(a)

Since  wiff3!: all(x)({s(x),r(x)} &=>{g2(x)})
and wiff14!: s(a)

and wiff6!: r(a)

| infer  wifl10: g2(a)

Since  wff2l: all(x)({s(x),p(x)} &=>{ql(x)})
and wff14!: s(a)

and wiff5!: p(a)

| infer  wiff12: gl(a)

Since  wiffll: all(x){q2(x),q1(x)} &=>{q(x)})
and wiff10!: g2(a)

and wff12!: gql(a)

| infer  wiff8: q(@)

wiff8!: qa@@)
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Primitiv e Acts

. set-mode-3

Net reset

In SNePSLO®lode 3.

Use define-frame  <pred> <list-of-arc-labels>.

. define-frame say(action lines)
say(xl) will be represented by {<action, say>, <lines, x1>}

[EERVAVAN
--> (define-primaction sayaction (lines)
(sneps::do.ns  (line lines)

(format sneps:outunit  "~A" line)))
sayaction

>

(attach-primaction say sayaction)
t

> NN\

. perform say("Hello world")
Hello world
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E ects:

. set-mode-3

Net reset

In SNePSLO®lode 3.

Use define-frame <pred> <list-of-arc-labels>.

Effect(xl, x2) will be represented by {<act, x1>, <effect,

. define-frame say (action lines)

. define-frame said (act agent object)

. define-frame Utterance (class member)
: NN\
--> (define-primaction sayaction (lines)
(sneps::do.ns  (line lines)

(format sneps:outunit  "~A" line)))

sayaction

-—->

(attach-primaction say sayaction)
t

> AN

Utterance("Hello  world").
:all(x)(Utterance(x) => Effect(say(x), said(l,x))).

The KB

x2>}
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E ects: The Run

. list-asserted-wffs
wif2!: all(x)(Utterance(  x) => Effect(say(x),sai  d(1,x )) )
wifl!: Utterance(Hello  world)

. perform say("Hello world")
Hello world

. list-asserted-wffs
wif5!: Effect(say(Hello world),said(l,Hell o world))
wif4!: said(l,Hello  world)
wif2!: all(x)(Utterance(  x) => Effect(say(x),sai  d(I,x )) )
wifl!: Utterance(Hello  world)
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De ned Acts

. set-mode-3

ActPlan(x1, x2) will be represented by {<act, x1>, <plan, x2>}

. define-frame say (action partl part2)
. define-frame greet (action object)
. define-frame Person (class member)

LEVAVAN

--> (define-primaction sayaction ((partl) (part2))
(format sneps:outunit  "~A ~A~%"
partl part2))
sayaction
-->
(attach-primaction say sayaction)
t

> NN\

:all(x)(Person(x) => ActPlan(greet(x), say(Hello,x))).
Person(Mike).

: perform greet(Mike).
Hello Mike
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Other Prop ositions about Acts

GoalPlan(p, a)
Precondition( a, p)
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Control Acts

achieve( p)

do-all( fal, ..., ang)

do-one(fal, ..., ang)

snif( fif( pl,al), .., if( pn,an)[, else( da)] g)
sniterate( fif( pl,al), ..., if( pn,an)[, else( da)] g)

snsequence(al, a2)
withall( x, p(x), a(x) [, da])
withsome(x, p(x), a(x) [, da])

Must useattach-primactio n on whichever you want to use.
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Policies

ifdo( p, a)
whendof, a)
wheneverdo(p, a)
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Men tal Acts

believe( p)
disbelieve( p)

adopt( p)
unadopt(p)
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The Execution Cycle

perform(act):
pre := fp | Precondition(act ,p)g;
notyet = pre - fp | p 2 pre &  pg;
if notyet 6 nil
then perform(snsequen ce(do-al I( fa | p 2 notyet
& a = achieve( p)9),
act))
else feffects := fp | Effect(act, p)g;
If act Is primitive
then apply(primitive-fu nction(act), objects(act));
else perform(do-one( fp | ActPlan(act, p)Q))
believe(effects) ¢
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Examples

SNePSLO&mo #7

/projects/robot/K  arel/ Elevator Waod /e lev at or. snepslo g
/projects/robot/K  arel/ Deliv eryWdd /Deli veryAgent. snepslo g
/projects/robot/K  arel/ WupusWol d/\WWAent. snepslog
/projects/robot/F  evahr/Asci i/a fe vahr. snepslog
/projects/robot/F  evahr/Ja val/jf evahr.s nepsl og
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Reasoning Heuristics

Logically equivalent SNePSLOGw s
are interpreted di erently by the SNePSReasoningSystem.
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v=>Elimination

Instead of

P(
(PO or Q0) =>R()

R()
which would require or-I followed by =>E

Have

P(
tP(), Q09 v=> R()

R()

which requiresonly v=>E
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Example of v=>E

. P().
wifl!: P()

. {PO, QO} v=>R().
w4l {Q(.PO}  v=>{R(}

. R()?

| wonder if  wiff3: R()
holds within the BS defined by context default-defaultct

| wonder if  wiff2; Q0
holds within the BS defined by context default-defaultct

| know wiffl!: P()
Since wff4l: {Q0,PO} v=>{R()}
and wiffll: P()
| infer  wiff3: R()
wif3!: R(
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Bi-Directional Inference
Backward Inference

© {p0O, a0} v=>{r0, sO}
witst: {a0.p0r  v=> {s(.r0}

: p0).
wifll:  p()

cr()?

| wonder if  wiff3: r()
holds within the BS defined by context default-defaultct

| wonder if  wff2: q()
holds within the BS defined by context default-defaultct

| know wiffll: p()

Since  wff5!: {90,p0} v=> {s(),r()}
and wiffl!: p()
| infer  wif3: r()

wiff3!: r()
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Bi-Directional Inference
Forw ard Inference

PO, a0} v=>{r), sO}
witsl:  {a0.p0}  v=> {s().rO}

: p()!

Since  wiff5!: {90,p(} v=> {s(),r()}
and wiffl!; p()

| infer  wiff4: s()

Since  wiff5!: {90,p(} v=> {s(),r()}
and wiffll!: p()

| infer  wif3: r()

wiff4!: s()
witf3!: r()
wifl!: pP()
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Bi-Directional Inference
Backw ard-in-F orw ard Inference

: p0).
wiffll!: p(

: PO => (@0 =>r0).
witst: — p() => (@0 =>r()

: q0)!
| know wiffll!: p()
Since  wff5!: pO) =>(@qO) =>r()
and wiff1!: p(
| infer  wiff4: a) =>r(
| know wff2!: q()
Since  wff4l: g) =>r()
and wff2!: a()
| infer  wif3: r()
wftdl:  g() =>r()

wif3!: r()
wiff2!: a()
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Bi-Directional Inference
Forw ard-in-Bac kward Inference

: {pO, a0y v=>{rQ, sO}
wifst:— {q0.p0}  v=> {s().,r0}

cr()?

| wonder if  wiff3: r()
holds within the BS defined by context default-defaultct

| wonder if  wff2: a()
holds within the BS defined by context default-defaultct

| wonder if  wiffl: pQ
holds within the BS defined by context default-defaultct

: P!

Since wffsl:  {q(.p0}  v=> {s(.r0}
and wiffll: PO
| infer  wif3: r()

wital ()
wifll:  p()

Activ e connection graph clearedby clear-infer
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Mo dus Tollens Not Implemen ted

> allx)(p(x)  => q(x)).

wifl!: all(x)(p(x) => q(x))

. p(a).

wif2!: p(a)

. q(@)?
wif3!: g(a)

. ~q(b).
wif6!: ~q(b)

. p(b)?
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Use Disjunctiv e Syllogism Instead

. all(x)(andor(1,2){~p (x) , ax)}).
wifl!: all(x)(q(x) or ~p(x))

. p(a).

wif2!: p(a)
. q(@)?

wif3!: g(a)
. ~q(b).

wif7!: ~q(b)
. p(b)?

wifol: ~p(b)
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=>|s Not Material Implication

If ) Is material implication,

. (P) Q, (P*:Q)

and
:(P) QFP
But ~(p => @) just meansthat its not the casethat p => q:
> ~(P0O)  =>q().
witdl: — ~(p() => q()
: pO?
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Use andor(1,2)
Instead of Material Implication

: ~(=p() or q0).
wiff5!: andor(0,0){q0),~p (O}

> p0?

. list-wiffs
wiff5!:  andor(0,0){q(),~p ()}
wifl!: PO

L p()7??
wifl!: PO
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Ordering of Nested Rules Matters
Optimal Order

: wifeOf(Caren,Stu).
: wifeOf(Ruth,Mike).
. brotherOf(Stu,Judi).
. brotherOf(Mike,Lou).
. parentOf(Judi,Ken).
. parentOf(Lou,Stu).
. all(w,x)(wifeOf(w,x)
=> all(y)(brotherOf(x,y)
=> all(z)(parentOf(y,z)
=> auntOf(w,z)))).
: auntOf(Caren,Ken)?

| wonder if  wiff8: auntOf(Caren,Ken)
| wonder if p7:  wifeOf(Caren,x)

| know wiffll: wifeOf(Caren,Stu)

| wonder if p8: brotherOf(Stu,y)
| know wff3!: brotherOf(Stu,Judi)

| wonder if  wiff5!; parentOf(Judi,Ken)
I know wiff5!: parentOf(Judi,Ken)

wiff8!: auntOf(Caren,Ken)
CPUtime : 0.03
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Ordering of Nested Rules Matters
Bad Order

all(x,y)(brotherOf(x,y)
=> all(w)(wifeOf(w,x)
=> all(z)(parentOf(y,z)
=> auntOf(w,z)))).
: auntOf(Caren,Ken)?

wonder if  wiff8: auntOf(Caren,Ken)
wonder if  pl: brotherOf(x,y)

know wiff3!: brotherOf(Stu,Judi)
know wff4l: brotherOf(Mike,Lou)

| wonder if  wffl2: wifeOf(Caren,Mike)
I wonder if  wiffll; wifeOf(Caren,Stu)

I know wiffll: wifeOf(Caren,Stu)

| wonder if  wiff5!; parentOf(Judi,Ken)
| know wiff5!: parentOf(Judi,Ken)

wiff8!: auntOf(Caren,Ken)
CPUtime : 0.04
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Ordering of Nested Rules Matters
Parallel

all(w,x,y,z)({wifeOf(w,x),brotherOf(x,y),parentOf(y,z)}
&=> auntOf(w,z)).
: auntOf(Caren,Ken)?

wonder if  wiff8: auntOf(Caren,Ken)
wonder if  p5: parentOf(y,Ken)
wonder if  p2: brotherOf(x,y)
wonder if p6:  wifeOf(Caren,x)

know wff5!: parentOf(Judi,Ken)
know wiff3!: brotherOf(Stu,Judi)
know wff4!: brotherOf(Mike,Lou)
know wiffl!: wifeOf(Caren,Stu)

wiftf8!: auntOf(Caren,Ken)
CPUtime : 0.03
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Lemmas (EXxp ertise)
Kno wledge Base

. all(r)(transitive( 9|

=> all(x,y,z)({r(x,y) r(y, 2)} &=>r(x,z))).

. transitive(biggerT  han).

. biggerThan(elephan t, lio n).
. biggerThan(lion,hy ena).

. biggerThan(hyena,r at).
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Lemmas: First Task

biggerThan(?x,rat)?

wonder if
know wif5!:
wonder if
know wiff2!:
infer  wiff6:
wonder if
wonder if
know wiff5!:
wonder if
know wiff3!:
know wiff4!:
infer  wiff7:
infer  wiff8:

p6: biggerThan(x,rat)
biggerThan(hyena,rat)
wif2!: transitive(biggerThan)
transitive(biggerThan)
all(z,y,x)({biggerThan(x,y),biggerThan(y,z)}
p8: biggerThan(y,rat)
pl10: biggerThan(x,y)
biggerThan(hyena,rat)
pl2: biggerThan(rat,z)
biggerThan(elephant,lion)
biggerThan(lion,hyena)
biggerThan(lion,rat)
biggerThan(elephant,rat)

wiff8!: biggerThan(elephant,rat)

wif7!: biggerThan(lion,rat)

wif5!: biggerThan(hyena,rat)
CPUtime : 0.09
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Second Task

. clear-infer

. biggerThan(truck,SUV).

. biggerThan(SUV,sedan).

. biggerThan(sedan,roadster).

. biggerThan(?x,roadster)?

wonder if  pl4: biggerThan(x,roadster)
know wiffll!: biggerThan(sedan,roadster)
wonder if  pl0: biggerThan(x,y)
wonder if  pl6: biggerThan(y,roadster)

know wiff3!: biggerThan(elephantlion )

know wff4l: biggerThan(lion,hyena)
know wiff5! biggerThan(hyena,rat)
know wiff7!: biggerThan(lion,rat)

know wiff8!: biggerThan(elephant,rat)
know wffo!: biggerThan(truck,SUV)
know wff10!: biggerThan(SUV,sedan)
know wiffl1!: biggerThan(sedan,roadster)
infer  wffl2: biggerThan(SUV,roadster)
infer  wiffl3: biggerThan(truck,roadster)
wonder if  pl7: biggerThan(roadster,z)
wiff13!: biggerThan(truck,roadster )
wiff12!: biggerThan(SUV,roadster)
wifflll: biggerThan(sedan,roadster )
CPUtime : 0.04
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Contexts

;1 Example of Contexts

;e from
i J. P. Martins & S. C. Shapiro, Reasoning in Multiple Belief Spaces IJCAI-83, 370-373.
set-mode-1
:all(x)(meeting(x) => andor(1,1){time(x,morning ), time(x,afternoon)}).
wifl!: all(x)(meeting(x) => (andor(1,1){time(x,after noon),ti  me(x,mornin g)}) )
;- all(x,y)({meeting(x),meetin a(y)} &=>all(t)(andor(1,1){time(x 1), time(y, ) ).
wiff2!: all(y,x)({meeting(y),meeti ng(x)} &=> {all(t)(andor(1,1){time( y.t )t me(xt)} )}

. meeting(facultyMeeting).

wiff3!: meeting(facultyMeeting)

: meeting(seminar).

wiff4!: meeting(seminar)

. meeting(tennisGame).

wiff5!: meeting(tennisGame)

. time(seminar,morning).

wiff6!: time(seminar,morning)

. time(tennisGame,afternoon).

wiff7!: time(tennisGame,afternoon)

. set-context  stuSchedule {wffl,wff2,wff3,wff4,wff6 }

((assertions  (wff6  wff4 wff3 wff2 wffl)) (restriction nil)

(named (stuSchedule)))

. set-context tonySchedule {wffl,wff2,wff3,wff5,wff 7}
((assertions  (wff7 wff5 wff3 wff2 wffl)) (restriction nil)

(named (tonySchedule)))

. set-context patSchedule {wffl,wff2,wff3,wff4,wff5 Wwif 6,wf f7}
((assertions  (wff7 wiff6 wff5 wff4 wff3 wff2 wiffl)) (restriction nil)

(named (patSchedule default-defaultct)))
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Stu's Schedule

. set-default-context stuSchedule

((assertions

(wff6  wff4 wiff3 wiff2 wiffl)) (restriction nil)

(named (stuSchedule)))

list-asserted-wffs

wif6!:
wif4!:
wif3!:
wif2!:

wifl!:

time(seminar,morning)
meeting(seminar)
meeting(facultyMeeting)
all(y,x)({meeting(y),meeting(x)}
&=> {all(t)(andor(1,1){time(y,t),time(x,t)PH})
all(x)(meeting(x)
=> (andor(1,1){time(x,afternoon),time(x,morning)}))

. time(facultyMeeting,?t)?

wiff10!:
wiffol:

time(facultyMeeting,afternoon)
~time(facultyMeeting,morning)
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Tony's Schedule

. set-default-context tonySchedule

((assertions

(wff7  wffs5 wff3 wff2 wiffl)) (restriction nil)

(named (tonySchedule)))

list-asserted-wffs

wiff12!:
wif7!:
wif5!:
wif3!:
wif2!:

wifl!:

andor(1,1){time(facultyMeeting,afternoon),time(facultyMeeting,
time(tennisGame,afternoon)
meeting(tennisGame)
meeting(facultyMeeting)
all(y,x)({meeting(y),meeting(x)}
&=> {all(t)(andor(1,1){time(y,t),time(x,)})})
all(x)(meeting(x)
=> (andor(1,1){time(x,afternoon),time(x,morning)}))

. time(facultyMeeting,?t)?

wifl1!:
wiff8!:

~time(facultyMeeting,afternoon)
time(facultyMeeting,morning)
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Pat's Schedule

. set-default-context patSchedule
((assertions  (wff7 wff6 wff5 wff4 wff3 wff2 wffl)) (restriction nil)
(named (patSchedule default-defaultct)))

. time(facultyMeeting,?t)?

A contradiction  was detected within context patSchedule.
The contradiction involves the newly derived proposition:
wiff8!: time(facultyMeeting,mornin Q)

and the previously existing proposition:
wiffol: ~time(facultyMeeting,morni ng)

You have the following options:

1. [Clontinue anyway, knowing that a contradiction is derivable;

2. [R]e-start the exact samerun in a different context which is
not inconsistent;

3. [DJrop the run altogether.

(please type c, r or d)
=><=(
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Resulting Contexts

. describe-context  stuSchedule
((assertions  (wff6 wff4 wff3 wff2 wffl)) (restriction ((wff7  wff5)))
(named (stuSchedule)))

. describe-context  tonySchedule
((assertions  (wff7 wff5 wff3 wff2 wffl)) (restriction ((wffe  wff4)))
(named (tonySchedule)))

. describe-context  patSchedule

((assertions  (wff7 wff6 wff5 wff4 wff3 wff2 wffl)) (restriction (nil))
(named (patSchedule default-defaultct) )

Page 431



