UNIT IIT KNOWLEDGE REPRESENTATION
First Order Predicate Logic - Proleg Programming - Unification - Forward Chaining-
Backward Chaining - Resolution - Knowledge Representation - Ontological Engineering-
Categories and Objects - Events - Mental Events and Mental Objects - Reasoning
Systems for Categories - Reasoning with Default Infarmation

NOTE: First order predicate logic, Unification, Forward Chaining,
Backward Chaining, Resolution=> Refer class notes

I. Logic programming

» Logic programming is a programming paradigm based on formal logic.
= A program written in a logic programming language s a set of sentences that is
expressed as facts and rules of some problem domaln.

= Here the facts are constructed by predicate logic and the problems are solved by
inferring(i.e., reasoning) on that knowledge.

= In short Logic programming is expressed as
Algorithm= logic + control [where "Logic" represents a logic program and
“Control” represents different theorem-proving strategies]

- Major logic programming language families include Prolog, answer sef programming
{(ASP) and Datalog

~ Rules are written in the form of clauses. Clauses are writtén “backwards” Syntax
¥ Hi-By .., By=> areread as : H if B, and ... and B,.
¥ His called the head of the rule and By, ..., B, is called the body.
¥ Facts are rules that have no body, and are written in the simplified form: H.
* H, By, ..., By are all atomic formulae, these clauses are called definite clauses

or Horn clauses{one literal must be positive)

PROLOG(PROgramming in LOGic)

= developed in 1972 by Alain Colmerauer

= Prolog is a language used for symbelic and logic-based computation.

# It is a declarative language (nonprocedural or very high level, specify what problem
you want to solve rather than how to solve it),

= s partly like a database but much more powerful since can infer new facts

» A Prolog interpreter can follow facts/rules and answer queries by sophisticated
search.

= Many expert systems have been written in prolog

» Prolog programs are set of definite clauses written in a notation different from
standard FOL

» Prolog is 2 typeless language, which means you do not declare types

~ Each line of the prolog program must end with full stop (.)

~ Syntax of Prolog



1. Terma

2. Predicates

3. Facts and Rules

4, Programs and Queries

. Terms

In Prolog, ail data—including Prolog programs—are represented by Prolog terms.

there are four kinds of term in Prolog: Constants{atoms(strings enclosed in single

quotes +numbers), variables, and complex terms (or structures),
a. Constants

sequences of letters, digits, or underscore "_" that start with lower case letters,

€.9., Numbers : 1.001, 2, 3.03, Strings enclosed in single quotes: "Mary’, '1.01°
¢ string’

b. Variables

Sequence of letters digits or underscore that start with an upper case letter or the
underscore.

= e.4., ?- likes(john, X)

Underscore by itselfl is the special "anonymous™ variable, => means we don't care
about its value

= E.g., wealthy(employee(_, _, _, Salary)) :-Salary >= 100000.
. Structure

= A structure In Prolog is a single object which consists of a collection of other
objects, called components
# A structure can be decomposed into
* A functor ; name of the structure
* One or more components
« A structure has the form: structure-name (attribute,..., attribute)

=« E.g. To create an employee data structure : employee(1234, ‘Jones’, "James’,
100000
d. Lists

« i5a collection of terms

« Syntax ; [E1,t2,...,tn]

« list elements are enclosed by brackets and separated by commas.

= [n list , direct access is only to the first element called the Head, while the
rest forms the list called the Tail.

+ [Head|Tall] where Head is a single element, while Tail is a list

« List properties
+ list can have as many elements as necessary.
¢ A list can be empty; an empty list is denoted as [ ].




+ & hst can have arguments being of: 1) mixed types, 2) complex structures
¢ a list can have nested lists (to an arbitrary depth)

« operators for list
i} To split the list: pipe (|).

¢ [Head|Tail] = [red, white, black, yellow], Output : Head = red ,Tail
[white, black, yellow]

« [H1, H2|T] = [red, white, black, yellow]. Output: H1 = red H2 = white T =
[black, yellow]

il) To concatenate the list =>append

« append ([],L,L) => an empty list is append with list L and produces the
same list L . E.g., append([a,b], [c,d,e], [a,b,c,d,e]).
* append{[H|T],L,[HITL]} :-append(T,L,TL). => This is a recursive definition

L
*  Imput:[HI T]+ L) Result: [ H l et}

. Predicates

Predicates are syntactically identical to structured terms

<identifier>{Term,, ..., Term,)
E.g., elephant{mary), likes{john, fred)

3. Facts and Rules
Facts
Facts are predicates followed by a dot

Facts are used to define samething that is always true.
e.g., likes{john , chicken)
Rules

Rules consist of a head and a body separated by i~ (called as if)
Syntax: predicatey :- predicate,, ..., predicate,. => The head af a rule is true if all
predicates in the body can be proved to be true

E.g., criminal(x} :- american(X), weapon(Y), sells(X,Y,2), hostile(Z).
4. Program and queries

Pragrams: Facts and rules are called clauses. A Prolog program is a list of clauses.
Queries

.

are predicates (or sequences of predicates) followed by a det,
~ They are typed in at the Prolog prompt

» cause the system to reply

* ook at the database

# try to find a match for the query pattern

» execute the body of the matching head

»  relurn an answer



= Types of gqueries
1. Ground Query
“ No vanable in the argument
¢ E.g., ?- man {marcus)
% Answer to the ground queries are Yes or No
2. Non-ground query
< Atleast one argument is a variable
+ e.g., ?- father(F,C)
% Answer 1o this queries are the substation values to the variables in the query
% Done based on DFS
“  Prolog paradigm

Prolog database
Query T3 |ade of FACTS + RULES

E.g. Conversion of FOL to Prolog

 Logic Prolog representation of logic
Vupet (x) o small () ==>apartment (x) | apartment (x) :- pet (x) . small ()
¥ xcal (x) v dﬂﬂil'l ==>mlix) pet (x) - cat (1),
. pet (x) :- dog (x).
W x poodle (x) ==> dogind A smallix) | dogix) :- poodle (x).
= smallix) ;- poodle (x).
poodle Nufly) poodlel Muffy).
E.g., simple Prolog program (family.pl}
male(albert). %a fact stating albert is a male |
male{edward).
female(alice). 9%a fact stating alice is a female
female(victoria).
parent(albert edward). %a fact albert is parent of edward
pﬂfﬂﬂl{?iﬂbl‘i&,&dwﬂfd )
father{X.Y) :- S%a rule: X is father of Y if X if a male parent of Y
parent(X.Y), male(X). %body of above rule, can be on same line.
mother(X.Y) - parent(X.Y), female(X). %a similar rule for X being mother of ¥

To run this program, prolog interpreters must be used. Here SWI-Prolog interpreter
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skywolf:~%

ask gqueries after loading our program
?-malefalbert).

Yes, Yethe ahove was truse
P-male{victoria),
Mo, %the above was false

?-male{mycat).

N,

?-male(X). %X is a vanable, we are asking "who is male?”

X=albert; %right! now type semicolon to ask for more answers.

X=edward;

No Hono mMore answers

:;zlhfl'ﬂ:.':}- “%F & C are variables, we are asking "who is father of
m

'P:;afhert, C=edward; “othis is awesome! How did Prolog get this?

Unification in Prolog
¥ The way in which Prolog matches two terms is called unification.
# If the two terms are structures

t = fe1, t2, ..., tk)

s = g(s1, 52, ..., 5n)

Then these two terms match if

# the predicates “f" and “g" are identical,

¥ They both have same number of attributes

» Each of the terms ti, si match (recursively).
¥ =( unifiability/ infix predicate) is used to unify two terms

| 5.No Example . Description
1. ?- fred = fred. fred unifies with fred - they are the same atom.
Ans: true.
2. ?- X = fred. X unifies with fred by binding X to fred.
Ans: X = fred .
3. ?= X = likes{mary, pizza). | X unifies with likes(mary, pizza) by binding X to




L

Ans: X = likes{mary, pizza). | likes{mary, pizza).

Facts : asking the guery first prolog start to search
likes(john, jane). matching terms in ‘Facts’ in top-down manner for
likes(jane, john). likes' predicate with two arguments and it can

Query : match likes{john, ...} i.e. Unification. :

?- likes(john, X). Then it looks for the value of X asked in guery
Answer : X = jane. and it returns answer X = jane i.e. Instantiation -
¥ is instantiated to ‘jane.

Application of Prolog

1)
)
3)
4)
3)
6)
7)

Intelligent Data base Retrieval
NLP

Specification Language
Machine Learning

Robot planning

Automated reasoning

Problem solving

II. Knowledge Representation
2.1. Ontological Engineering

-

-

Ontology: organires everything in the world into a hierarchy of categories

Categories : acts as the primary bwuilding blocks in a [large-scale for
knowledge representation

Ontology Engineering: represents the abstract concept in KR

o Ewvents, time, physical objects that occur in different domains
Upper Ontology: the convention of drawing graphs with the general concepts at
the top and the more specific concepts below them

2.2. CATEGORIES AND OBJECTS

T

N

KR organizes objects into categories
interaction with the world takes places at the level of object
reasoning takes places at the level of categories

Categories plays a vital role in prediction about objects=> based on perceived
properties

Can be represented in two ways by FOL

« predicate: apple(x)

¥ Reification of categories as objects; apples
Metwork that shows relations among categories

is called as taxonomy or
taxenomic hierarchy or class/subclass relationships
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2.2.1 FOL and Categories

FOL=> makes easy to state facts about categories, either by relating objects to

e H

-

categories or by guantifying over their members
- Relation between categories
1. An object is a member of a category => E.g., MemberDf(B12 Basketballs)
Z. A category is a subclass of another category => E.g., SubsetOf{Basketballs,Balis)
3. All members of a category have some properties
E.g., ¥ x (MemberOf(x,Basketballs) = Round(x))
4. All members of a category can be recognized by some properties
E.g., ¥ x {Orange(x) a Round(x} A Diameter{x)=9.5 A MemberQOf(x,Balls) =
MemberOf{x, BasketBalls))
3. A category as a whole has some properties
E.g., MemberOf{Dogs, DomesticatedSpecies)
6. Two or more categories are disjoint if they have no members in common
* Disjoint(s)es(vclc2clesacZesacl & c2 = Intersection(cl,c2) ={})
¥ Example; Disjoint{ {animals ,vegetables})
7. A set of categories s constitutes an exhaustive decomposition of a category c if all
members of the set ¢ are covered by categories in 5:
¥ EDJsc)le(viiec=3clc2esnlec?)
* E.g., ED ({Americans, Canadian,Mexicans}, MorthAmericans)
8. A partition is a disjoint exhaustive decomposition
« Partition(s,c) = Disjoint(s) A E.D.(s,c)
* Example: Partition({Males,Females}, Persons)
2.2.2 Natural Kind
= Many categories have no clear-cut definitions (chair, bush, book)
~ Tomatoes: sometimes green, red, yellow, black. Mostly round.
= One solution: category Typical{Tomatoes).
~ E.g., v x, % € Typical{Tomatoes) = Red(x) A Spherical{x).

2.2.3 Physical Composition
~ One object may be part of another: e.g., Chapter 10 is a part of Al Book
Use part of predicate=> part Of{chapterl0, Al Book)

-



= The PartOf predicate is transitive and reflexive

a. ¥ x PartOf(x,x)
b. ¥ x,y,2 PartOf(x,y) A PartOf(y,z) = partOf(x,z)

2.2.4 Measurements

- Objects in the world have properties (i.e., attributes).
these properties are called measuras

Z2.3. EVYENTS

~ Facts are treated as true , independent of time

» Deln: describe what is true, when something Is happening

The wvalues assigned for

= Lan occur in 2 wWays
1. Sitwation Calculus
« Represents actions and effects
E.g., filling a bathtub :Tub is empty belore action and full when the action is done
» Disadvantages
Doesn't talk about what happens during the action
Can't describe two action happing at a time{e.g., brush teeth while waiting for
the tub to fill)
2. Ewent Calculus
» Based on time rather than situation
Reifies {(meaning |s make something more real) Fluents and events
Defn: Event calculus Is reasoning about change / how actions change the world
~ they were 3 SORTS of arguments

1. @ => set of events
2. | => set of Auent{meaning , A Muent Is a predicate, which can change essentially.

e.9., dirt(x))

3. T == time
» Complete predicate of event calculus

1, T(I, t} : Fluent Fis trua at time t

2. Imitiates{e, f, t) : Event e causes fluent f to start to hold at time t/ is true, if
event @ makes fMuent § true at time t
Terminates(e, f, t) : Event e causes fluent f to cease to hold at time t
Happens(e, i) : Event e happens over the time interval i
Clipped(f, i): Fluent f is no longer true at time i
Restored (f, I}: Fluent f becomes true sometime during |

2.4. Mental Events and Mental Objects

- agents that constructed so far have beliefs and can deduce new beliefs,
vet none of them has any knowledge about beliefs or about deduction.

e oo w

-



+ Knowledge about one’s own knowledge and reasoming processes is useful for

controlling inference, = > the agent should know what is knows and what it does
not know

Reasoning Systems for Categories

» How to organize and reason with categories

o
]

g

Semantic networks

Represent knowledge in the form ol graphical networks.
Developed based on human memary model, appled in neural networks and
expert system

Semantic networks can categorize the object in different forms and can aiso link
Lthose objects

nodes =>represents objects and attributes values

arcs => describe the relationship between those objects/ attributes

Uses efficient algorithms for inferring properties of an object on the basis of its
category membership

E‘gli

(o Pmﬂm fﬂméu_l :'i"._ B I:mka-;_m{ M om Canr )

Clask

®

.

Powmper Vel AModCud Lh_""_.__;ﬂ@

Hmf} qoue o G jlowernd bore b hor Josarils

Caud in

T hos cotor
@HE_.) Fiowosd vors]




;i m 0. defrmoun L nat
R“‘?‘-”"-“t o -il:rllﬂmﬁﬂ @“iw“hw "
(B o l:-l:-m—gh{ﬁ-nmt elapham®
() hon ot elphamt  hiad
8y h-:LLPq-L't‘ ELs.?ln.m’t I -
0V fanport head  moxtt -
O he E.l-_r'l-.n-ml-'— o rion o
—¥1) t*ﬂ:.}x,;u_.‘r r g an al Yo A=
(ved Vi Cird O -n-l-]rlnmL anij'a'""‘“'r
JOCT)  aso Pﬂﬁ&mw P R o

Tontzm] Critn e
Eoasiac: (erEmar
[ :]Tﬂ'{ﬂ__f T ua

i KT S ,
(Sveun eprany) oo A Flpbenl |
l-.-.l--_r"“'\‘-:ﬂ" \"h\"*'FH'L_
[hans N Jopec )
ll’--l.- P

[mowte |

% Basic inference mechanism: follow links between nodes.
1} inheritance reasoning ii) intersection search
Consider the following semantic network

2. Intersection search



jest way o find relationships between objects by spreading activation
arll

g ol two nodes and Seeing where the activations met. This process is

fram each
callad intersection search.

* Lo,
Question: “Whal _,
Answer: “They are both teams of baseball players.

i the relation between Team-z and Team-y?

b. Inheritance re asoning
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2. Description loglc

% A logic based knowledge representation language
description™ about the warld in lerms of concepts(classes), roles(properties,
relationships) and individuals{instances)
Used in databases(e.g., DL CLASSIC) and semantic network(e.g, OWL
language)

* Principal inference Lask s
Subsumption: checking il one category is the subset of another by
comparnng their definitions
Classification: checking whether an object belongs to a category.

o Consistency: whether the category membership criteria are logically
satinfiable

2.6. Beasoning with default information

& wvery common form of non-monatonic reasoning

% Logic will be said as non-monotonic if some conclusions can be invalidated by
adding more knowledge into our knowledge base.

%+ Example: suppose the knowledge base contains the following knowledge:
o Birds can fly

o Penguins cannot fly
o Pitty Is a bird , we can conclude that Pitty can fly.
o However, il we add one another sentence into knowledge base “Pitty is a

penguin®, which concludes “Pitty cannot fly", so it invalidates the above
conclusion,
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