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Lecture 2

Knowledge Representation

2.1. Knowledge representation

» The objective of knowledge representation is to express the knowledge about the
world in a computer-tractable form. Many Knowledge Base systems rely on some

variant of logic.
2.2.  What are Knowledge Representation Schemes?

In Al, there are four basic categories of representational schemes: logical,

procedural, network and structured representation schemes.

1) Logical representation uses expressions in formal logic to represent its
knowledge base. Predicate Calculus is the most widely used representation
scheme.
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2) Procedural representation represents knowledge as a set of instructions for

solving a problem. These are usually if-then rules we use in rule-based
systems.
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3) Network representation captures knowledge as a graph in which the nodes

represent objects or concepts in the problem domain and the arcs represent
relations or associations between them. Semantic networks and conceptual
graph are example of this scheme
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4) Structured representation extends network representation schemes by
allowing each node to have complex data structures named slots with attached
values, theses values may be simple numeric or symbolic data, pointer to other
frames or even procedures, scripts and frames are examples of this scheme.
We will focus on logic representation schemes in this chapter.
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2.3. Logical representation

Logic : A formal language for expressing knowledge and ways of reasoning.

Logic is defined by:

* A set of sentences — A sentence is constructed from a set of primitives according

to syntax rules.

* A set of interpretations — An interpretation gives a semantic to primitives. It

associates primitives with values.

* The valuation (meaning) function V — Assigns a value (typically the truth value) to

a given sentence under some interpretation V : sentence x interpretation — {True,

False }
Example of logic Language of numerical constraints:
* A sentence: x +3 <z
X,z -variable symbols (primitives in the language)
* An interpretation: x=5,z=2  Variables mapped to specific real numbers.

* Valuation (meaning) function

V:V(x+3<z]I) is Falsefor I. x=5,z=21s True forl: x=5,z=10
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2.4. Types of logic
» Different types of logics: 1- Propositional logic 2- predicate logic
2.4.1. Propositional Logic (Propositional Calculus)

Propositional logic defines a language for symbolic reasoning.

* Proposition: a statement that is either true or false.

Formally propositional logic P: — Is defined by

Syntax + interpretation + semantics of P

Syntax:

%+ The symbols of propositional calculus are: {P, Q.R. S, ...}
%+ Truth symbols: {True, false}

%+ Connectives: {A v, —,—>,=}

A and [conjunction]

v or [disjunction |

— not [negation]

—» implies [implication / conditional |

Or «> is equivalent [biconditional ]

The meaning (truth value) of and, or, if...then and not sentences.

e Legal sentences are also called well formed formula (WFF).

e Semantics of propositional calculus:- It is concerned with the “meaning” of

statements, which is required for reasoning in Al.

% Examples:- P means “It is raining”
Or Q mean “I live in a brown house”
e Any proposition might be true “T” or false “F”, this is called interpretation.

e An interpretation of a set of proposition is assignment of truth value, either

T or F to each of the proposition symbols.

e The truth assignments are represented in truth tables
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Example: Use a truth table to list all possible truth value assignments to

the propositions of the expression (P A Q) v (7Q v P).

Answer:
Q ‘ PAQ ‘ Q { QP [ (PAQV(IQVP)
T T T F T T
1 F F T I T
F T F F F F
F F F T T T

TAVEB): in other word prove A—B = TAVB.

Answer:
A B A—B TJA JAVB
T T T F T
I F F F o
F T T T T
F F T T T
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H.W1\ Prove that the two expressions are equivalence P - Q = -PVQ

Q -P

-PVQ

P-Q (P - Q) =-=PVQ

T

F

T

| m| | 4|

F

H.W2\ Prove that the two expressions are equivalence PVQ = —=P - Q

Table 2.4.4: Laws of propositional logic.

Idempotent laws:
Associative laws:
Commutative laws:

Distributive laws:
Identity laws:

Double negation law:
Complement laws

De Morgan's laws:
Absorption laws:

Conditional identities:

pPvp=p PAPEP
(pvg)vr=pv(qvr) (PAQ)AT=pA(QATr)
pvq=qvp PAQ=QAP

pv(gar)=(pva)a(pvr) pa(qvr)=(paq)v(pAar)

pvF=p
B =1

"pEp

pv-op=T
“1=F

(pvg)=-pA—q
pvipAaqQ)=p
p—q=-pvq

RAFEP
pAT=p

pPA-pP=F
=1

“(pAqQ)=-pvq
pA(pvQ@=p
p—q=(p—q)Aa(gq—p)

Contrapositive law

(P = Q)=(=Q~>=P)

And there are more laws you can check it.
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Example: Convert the following English sentences to propositional
calculus sentences:

B It is hot

P

B It is not hot

TP

B Ifitis raining, then will not go to mountain

P —1Q

¢ The food is good and the service is good

XAY

& If The food is good and the service is good then the restaurant is

good

XAY—=Z

The prepositional calculus has its limitations that you cannot deal
properly with general statements because it represents each statement by

using some symbols jointed with connectivity tools.
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2.4.2. Predicate Logic (Predicate Calculus)

To solve the limitations in the prepositional calculus, you need to analyze
propositions into predicates and arguments, and deal explicitly with quantification.
Predicate Logic provides formalism for performing this analysis of prepositions and

additional methods for reasoning with quantified expressions.

For example, instead of letting a single propositional symbol, P, denote the entire
sentence “it rained on Tuesday”, we can create a predicate weather that describes a

relationship between a date and weather: weather(tuesday, rain)
Syntax of Predicate Calculus
The predicate calculus uses the following types of symbols:

set of letters, set of digits, and the underscore (). Any predicate calculus symbol
should always start with a letter. It may represent a variable, a constant, a function

or a predicate.

Constants: A constant symbol denotes a particular entity, object or properities and

always begin with a lowercase symbol. E.g. john, muriel, flight_102,

Functions: A function symbol denotes a mapping from a number of entities to a
single entities: E.g. fatherof is a function with one argument. plus is a function with
two arguments. fatherof(john) is some person. plus(2,7) is some number.

Predicates: A predicate denotes a relation on a number of entities. e.g. married is a
predicate with two arguments. odd is a predicate with one argument. married(john,
sue) is a sentence that is true if the relation of marriage holds between the people

john and sue. odd(plus(2,7)) is a true sentence.

Variables: These represent some undetermined entity. Examples: X, S1, etc.
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Boolean operators: -, V, A, =, .
Quantifiers: The symbols Vv (for all) and 3 (there exists).

v X likes(X, chocolate)™ likes(X, chips) = - healthy(X), it means that "everybody

who likes chocolates and chips are not healthy".
Grouping symbols: The open and close parentheses and the comma.

Example: Convert the following English sentences to predicate calculus

sentences:

= |fitis raining, tom will not go to mountain
rain(weather) —7go(tom, mountain)

= All basketball players are tall
VX play(X, basketball) —tall(X)

= John like anyone who likes books
X like(X, book)—like(john, X)

= Nobody likes taxes
73X likes(X, taxes)

= There is a person who write computer class
3 X write(X, computer class)

= All dogs are animals
VX dogs(X)—animals(X)

= John did not study but he is lucky

7study(john) A lucky (john)
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= All cats and dogs are animals
VYXVY cats(X)Adogs(Y)—animals(X)Aanimals(Y)

= |f it doesn't rain tomorrow, Tom will go to the mountains.

7 rain (weather, tomorrow) — go(tom, mountains).

7- Anyone passing his history exams and winning the lottery is happy.
Vv X (pass (X,history) A win (X,lottery) — happy (X))

8- Anyone who studies or is lucky can pass all his exams.
V X VY (study (X) v lucky (X) — pass (X,Y))

9- John did not study but he is lucky.
— study (john) A lucky (john)

10- Anyone who is lucky wins the lottery.

V X (lucky (X) — win (X,lottery))
Example: Convert the following statements to predicate logic.

All people that are not poor and smart are happy. Those people that read are not

stupid. John can read and wealthy. Happy people have exciting life. Can anyone
found with an exciting life.

Answer:

v X (7poor(X)Asmart(X))—happy(X)
VY (read(Y)— 7 stupid(Y))
read(john)A wealthy(john)

VZ (happy(Z)— exciting(Z, life))

AW exciting(W, life)
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Note 17 stupid= smart, wealthy="poor
v X (7poor(X)Asmart(X))—happy(X)
VY (read(Y)—smart (Y))
read(john)A poor(john)

VZ (happy(Z)— exciting(Z, life))
AW exciting(W,life)

Homework: Convert the following statements to predicate logic. Everyone passing
their Al exam and winning the lottery is happy. But everyone who studies or lucky
can pass all their exams, John did not study but he is lucky. Everyone who is lucky

wins the lottery. Prove that John is happy.
2.4.3. Resolution:

Resolution is a technigue for proving theorems in the predicate calculus using the
resolution by refutation algorithm. The resolution refutation proof procedure
answers a query or deduces a new result by reducing the set of clauses to a

contradiction.

The Resolution by Refutation Algorithm includes the following steps:-
a) Convert the statements to predicate calculus (predicate logic).

b) Convert the statements from predicate calculus to clause forms.

¢) Add the negation of what is to be proved to the clause forms.

d) Resolve the clauses to producing new clauses and producing a contradiction by

generating the empty clause.
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Clause Forms

The statements that produced from predicate calculus method are nested and very
complex to understand, so this will lead to more complexity in resolution stage ,
therefore the following algorithm is used to convert the predicate calculus to clause
forms:-

Example: Use the Resolution Algorithm for proving that John is happy with regard
the following story:

Everyone passing his Al exam and winning the lottery is happy. But everyone who
studies or lucky can pass all his exams, John did not study but he is lucky. Everyone
who is lucky wins the lottery. Prove that John is happy.

a) Convert all statement to predicate calculus.
v X pass(X,ai_exam)Awin(X,lottery)—happy(X)
VYVE study(Y)Vlucky(E)—pass(Y,E)
7study(john)Alucky(john)
vZ lucky(Z)—win(Z,lottery)

happy(john)?

b) Convert the statements from predicate calculus to clause forms.
1. Eliminate all (—) by replacing each instance of the form (P — Q) by
expression (FPVQ)
v X 1(pass(X,ai_exam)Awin(X,lottery))Vv happy(X)

VYVE 7(study(Y)Vlucky(Y))V pass(Y,E)
7study(john)Alucky(john)

vZ 7(lucky(Z))V win(Z,lottery)

happy(john)?
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2. Reduce the scope of negation.

VX (Tpass(X,ai_exam)Viwin(X,lottery))V happy(X)

VYVE (7 study(Y)ATlucky(Y))V pass(Y,E)

7study(john)Alucky(john)
vZ qlucky(Z)vwin(Z,lottery)

happy(john)?

3. Standardize variables: rename all variables so that each quantifier has

its own unique variable name.
For our example: - Nothing to do here.

Another example:

example

After applying step 3

VX a(X) v VX b(X)

VX a(X) v VY b(Y)

4. Move all quantifiers to the left without changing their order.

For our example: - Nothing to do here.

example

After applying step 4

vX a(X) v VY b(Y)

VX VY a(X) v b(Y)

Nothing to do here.

5. Eliminate existential quantification by using the equivalent function.

For our example: - Nothing to do here.

examples After applying step 5
vX 3Y (mother(X,Y)) v X (mother(X, m(X))
VX VY 3Z (p(X,Y,2) VX VY (p(X,Y, f(X,)Y))
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6. Remove universal quantification symbols.
For our example it will be: -
7 pass(X,ai_exam)VIwin(X,lottery)V happy(X)
7 study(Y)ATlucky(Y)V pass(Y,E)
sstudy(john)Alucky(john)
Tlucky(Z)vwin(Z, lottery)
happy(john)?

7. Use the associative and distributive properties to get a conjunction of

disjunctions called conjunctive normal form.
For our example it will be: -

Tpass(X,ai_exam)Viwin(X, lottery)V happy(X)

7 study(Y)ATlucky(Y) Vv pass(Y,E) = (aAb)Ve = cV(aAb) = (cVa) A (cV b)
The second statement become:

pass(Y,E)vastudy(Y)Apass(Y,E)Vvalucky(Y)

Jstudy(john)Alucky(john)
Tlucky(Z)vwin(Z, lottery)
happy(john)?
8. Split each conjunct into a separate clause.
Tpass(X,ai_exam)Vwin(X,lottery)V happy(X)

pass(Y,E)Vvastudy(Y)
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pass(Y,E)Vlucky(Y)
Jstudy(john)

lucky(john)
Tlucky(Z)vwin(Z,lottery)

happy(john)?

9. Standardize variables apart again so that each clause contains variable

names that do not occur in any other clause.
Tpass(X,ai_exam)Viwin(X,lottery)V happy(X)
pass(Y,E)Vvistudy(Y)
pass(M,G)Vvilucky(M)
Jstudy(john)
lucky(john)
Tlucky(Z)vwin(Z,lottery)
happy(john)?
c) Add the negation of what is to be proved to the clause forms. Jhappy(john).

d) Resolve the clauses to producing new clauses and producing a contradiction by

generating the empty clause.

There are two ways to do this, the first is backward resolution and the second is

forward resolution.
1) Backward Resolution

The proving for happy(john) using Backward Resolution is shown as follows:
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1. gpass(X.,ai_exam)Vvawin( X, lotteryv)Vhappy(X)
2. pass(Y.E)vastudy(Y)

3. pass(M.G)HVTluck y(M)

4. study(john)

S. Ilucky(john).

6. TMMucky(Z)vwin(Z. JJottery).

7. vhappy(Gohn).

T: Thapp#(john)_:Tpass(X.ai_exam)viwin(X,lottery)V happy(X) ~ {X=john;
P

-~
20

§: Tpass(john, ai_exam)Vwin(john,lottery) 6: 1Iucky12)v%(l.lottcry):Z-john:

mss(iohn. ai exam)\l ky(jo,hﬂ S: )/cky(iohn)

—
—

ﬂ)ﬁa}((john. al_exam) J: pzss(M.G)v'Tluckﬂ M) {M=john, G=a1_exam|

It Tlugky(john) 5: Iy{y(john)
| =

//

12: O {the empty clause}
= John is happy
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2) Forward Resolution
The proving for happy(john) using Backward Resolution is shown as

follows:

1. Tpass(X,ai_exam)Vawin( X, lottery)vVhappyv(X)
2. pass(Y.,E)Vvastudy(Y)

3. pass(M,CGHVTIuck yv(M)

4. study(john)

S. Tuckyv((john).

OG.TMucky(Z)vVwin(Z. Jottery).

7 vhappy(john).

1:pass(X,ai_exam) vV wih(X, lottery)Vhappy(X) 6: 1Iuck)1Z)vy'ﬁ(Z. lottery) {Z=X|

——
I

——
-

89 Bg.\s's(x.ai_cxam)‘v’happﬂX) v '1%1& 9 l}(ﬁ_\(john) tX=john}

I
i

95';51’4(joh11. ai_exam)Vhappy(john) 3: pas;(fd.G )VTluckv(M) {M=john, G=a1_exam|

—
i

10: h;pp)(john) V 1I%y(john,) 5 Iu%(john)

1 :’hapyf john) 7: 'Ih}(p_v(john)

-
>
>
L
ts -

12:0 .{the emﬁty clause }
“» John is happy
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Ex(2): We now present an example of a resolution refutation for the
predicate calculus. We wish to prove that "Fido will die" from the statements
that "Fido is a dog. All dogs are animals. All animals will die."

Fido is a dog: dog (fido).

All dogs are animals: ¥(X) (dog (X) - animal (X)).

All animals will die: ¥(Y) (animal (Y) - die (Y)).

Converts these predicates to clause form:

PREDICATE FORM CLAUSE FORM

1. V(X) (dog) (X) — animal (X)) . - dog {X) v animal (X)
2. dog (fido) dog (fido)

3. V(Y) (animal (Y) = die (Y)) - animal (Y) v die (Y)

Negate the conclusion that Fido will die:

4, - die (fido) - die (fido)

Resolve clauses having opposite literals, producing new clauses by resolution

as in Figure (3-2).

= dog(X) + animal{>) = animal() ~ dia{¥)
P}
dog(fido) = dog(¥}  die(¥)
{Ffido/ v}
die(fido) = dia(fido)
]

Figure (3-2): Resolution proof for the "dead dog" problem.
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homework\

Exercises

I. Using truth tables, prove the identities of Section 2.1.2.

2. A new operator, @ , or exclusive-or, may be defined by the following truth table:

P Q P®Q
53 T F
& F T
F T g
F F F

Create a propositional calculus expression using only A, v, and — that is equivalent to
P@AQ.

Prove their equivalence using truth tables.

Exercises2 : "All people who are not poor and are smart are happy. Those people
who read are not stupid. John can read and is wealthy. Happy people have exciting

lives. Can anyone be found with an exciting life?

Resources:-

1) https://www.javatpoint.com/types-of-artificial-intelligence
2) https://uomustansiriyah.edu.ig/media/lectures/6/6 2023 02 19!04 40 19 AM.pdf

3) https://ccms.tu.edu.ig/csd/electronic-lectures/387--Ada jall- s likay)-s LSM)-sala-c)_pialae
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