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Knowledge Representation: Proposition and Predicate Logic, Theorem Proving
(Resolution), Semantic Network, Production Rules, Frames and Scripts

1.1 Goals of Artificial Intelligence:
Following are the main goals of Artificial Intelligence:

e Replicate human intelligence

e Solve Knowledge-intensive tasks

e An intelligent connection of perception and action

¢ Building a machine which can perform tasks that requires human intelligence such as:

e Proving a theorem

e Playing chess

e Plan some surgical operation

e Driving a car in traffic

e (reating some system which can exhibit intelligent behavior, learn new things by itself,
demonstrate, explain, and can advise to its user

1.2 Techniques of knowledge representation
There are mainly four ways of knowledge representation which are given as follows:

1. Logical Representation

2. Semantic Network Representation
3. Frame Representation

4. Production Rules.

Knowledge Representation

Techniques

Logical Semantic Production Frames

Representation \ ™Networls Rules . Representation
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1.2.1 Logical Representation:

Logical representation is a language with some concrete rules which deal with
propositions and has no ambiguity in representation. Logical representation means
drawing a conclusion based on various conditions. This representation lays down some
important communication rules. It consists of precisely defined syntax and semantics
which supports the sound inference. Each sentence can be translated into logics using
syntax and semantics.
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e Syntax:
1. Syntaxes are the rules which decide how we can construct legal sentences in
logic.
2. It determines which symbol we can use in knowledge representation.
3. How to write those symbols.
e Semantics:
1. Semantics are the rules by which we can interpret the sentence in the logic.
2. Semantic also involves assigning a meaning to each sentence.

The logical representation can be categorized into mainly two logics:

e Propositional Logics
e Predicate logics
We will discuss Prepositional Logics and Predicate logics in last chapter.

What are advantage and disadvantage of logical representation:

Advantages of logical representation: Disadvantages of logical Representation:

1. Logical representation enables us to do 1. Logical representations have some
logical reasoning. restrictions and are challenging to work
bl il ALY 5 Sall (e LiSay with.

2. Logical representation is the basis for 2. Logical representation technique may
the programming languages. not be very natural, and inference may
dle 3 ) gea Al Clad Ll 8 not be so efficient.
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Do not be confused with logical representation and logical reasoning as logical representation is a
representation language and reasoning is a process of thinking logically.

logical representation is a representation language ( 4eiical) Jiiail) dal siiay)

logical reasoning is a process of thinking logically.( kil ,Siil dlee oa iny)

1.3 Semantic Network Representation

Semantic networks are alternative of predicate logic for knowledge representation. In
Semantic networks, we can represent our knowledge in the form of graphical networks.
This network consists of nodes representing objects and arcs which describe the
relationship between those objects. Semantic networks can categorize the object in
different forms and can also link those objects. Semantic networks are easy to
understand and can be easily extended.
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This representation consists of mainly two types of relations:

1. IS-A relation (Inheritance)
2. Kind-of-relation

Example: Following are some statements which we need to represent in the form of
nodes and arcs.
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Statements:

Jerry 1s a cat. Al g
Jerry is a mammal T PN PR
Jerry is owned by Priya. Lol AS slaa (5
Jerry is White colored. L8 panl g

All Mammals are animal. Sl g Sl e

animal

White

In the above diagram, we have represented the different types of knowledge in the
form of nodes and arcs. Each object is connected with another object by some
relation.
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¢ Drawbacks in Semantic representation:

» Semantic networks take more computational time at runtime as we need to
traverse the complete network tree to answer some questions. It might be
possible in the worst case scenario that after traversing the entire tree, we find
that the solution does not exist in this network.

» Semantic networks try to model human-like memory (Which has 1015 neurons
and links) to store the information, but in practice, it is not possible to build
such a vast semantic network.

» These types of representations are inadequate as they do not have any
equivalent quantifier, e.g., for all, for some, none, etc.

» Semantic networks do not have any standard definition for the link names.

» These networks are not intelligent and depend on the creator of the system.
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s Advantages of Semantic network:
» Semantic networks are a natural representation of knowledge.
» Semantic networks convey meaning in a transparent manner.
» These networks are simple and easily understandable.
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1.4 Frame Representation

A frame is a record like structure which consists of a collection of attributes and its
values to describe an entity in the world. Frames are the Al data structure which
divides knowledge into substructures by representing stereotypes situations. It consists
of a collection of slots and slot values. These slots may be of any type and sizes.
Slots have names and values which are called facets.
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Example: 1

Let's take an example of a frame for a book, (using Frame technique to describe
book).

Let's take an example of a frame for a book

Slots Filters

Title Artificial Intelligence
Genre Computer Science
Author Peter Norvig
Edition Third Edition
Year 1996

Page 1152
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Example 2:

Let's suppose we are taking an entity, Peter. Peter is a Doctor as a profession, and his
age 1s 25, His marital status, and His weight 78. So following is the frame

representation for this:

25 o e 5 ¢ Aliga odb (udiga Jin g (e Sl () oSy 4t aa i o) gy oo gl ULS 24l Wil (ym yidil
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Slots Filter
Name Peter

Profession Doctor
Age 25

Marital status Single
Weight 78

+» Advantages & Disadvantages of frame representation:
Advantages Disadvantages

1. The frame knowledge representation makes the
programming easier by grouping the related data.

2. The frame representation is comparably flexible
and used by many applications in Al

3. Itis very easy to add slots for new attribute and
relations.

4. Itis easy to include default data and to search for
missing values.

5. Frame representation is easy to understand and
visualize.

1. In frame system inference
mechanism is not be easily
processed.

2. Inference mechanism cannot be
smoothly proceeded by frame
representation.

3. Frame representation has a
much generalized approach.
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1.5 Production Rules

Production rules system consist of (condition, action) pairs which mean,
"If condition then action".

It has mainly three parts:

1. The set of production rules
2. Working Memory
3. The recognize-act-cycle

In production rules agent checks for the condition and if the condition exists then
production rule fires and corresponding action is carried out. The condition part of
the rule determines which rule may be applied to a problem. And the action part
carries out the associated problem-solving steps. This complete process is called a
recognize-act cycle.

The working memory contains the description of the current state of problems-
solving and rule can write knowledge to the working memory. This knowledge match
and may fire other rules.

If there is a new situation (state) generates, then multiple production rules will be
fired together, this is called conflict set. In this situation, the agent needs to select a
rule from these sets, and it is called a conflict resolution.

Example:
1. IF (at bus stop AND bus arrives) THEN action (get into the bus)
(lia sl Jadll 5 138 5 ) paldl i Jsaall dde | Jeay Galdl g laldl ddasa & il 13)

2. IF (on the bus AND paid AND empty seat) THEN action (sit down).
Gostall dhle 4idi g ghnas ¢ b aada cllia 5 Alsa) 5 i) 13

3. IF (on bus AND unpaid) THEN action (pay charges).
5 Yl cﬁd&ﬂzﬁﬁﬁ);‘ﬁ\ cﬁ.ﬁe]}ua\_ﬂ\g;&\ )

4. IF (bus arrives at destination) THEN action (get down from the bus).
Ji o)) il 83 puaiall dga ) (alll Jeas 1)
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¢ Advantages & Disadvantages of Production rule:

Advantages Disadvantages
1. The production rules are expressed 1. Production rule system does not
in natural language. exhibit any learning capabilities, as it
2. The production rules are highly does not store the result of the
modular, so we can easily remove, problem for the future uses.
add or modify an individual rule. 2. During the execution of the program,

many rules may be active hence rule-
based production systems are
inefficient.

EXPLAIN:
Propositional logic in Artificial intelligence
Propositional logic (PL) is the simplest form of logic where all the statements are
made by propositions. A proposition is a declarative statement which is either true
or false. It is a technique of knowledge representation in logical and mathematical
form.
(PL) ¢! &Y Ghic
oe 3oke ) EY) Gla sl 505k e bl miea o) ga) b Caa hidl JSET (e JS5 ol s
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Example:
a) It is Sunday.
b) The Sun rises from West (False proposition)
c) 343= 7(False proposition)
d) 5is a prime number.

Sy & prall i pgeall Al ) s S (5 gms ol sihall 5 (il a5 23 53 Q) 138 3
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s+ Following are some basic facts about propositional logic: ‘
;e ahaiall Jsa Al EAl) Gamy L Lo

v Propositional logic is also called Boolean logic as it works on 0 and 1.

v In propositional logic, we use symbolic variables to represent the logic, and we
can use any symbol for a representing a proposition, such A, B, C, P, Q, R, etc.

v Propositions can be either true or false, but it cannot be both.

v Propositional logic consists of an object, relations or function, and logical
connectives.

v These connectives are also called logical operators.

v The propositions and connectives are the basic elements of the propositional
logic.

v Connectives can be said as a logical operator which connects two sentences.

v A proposition formula which is always true is called tautology, and it is also
called a valid sentence.

v A proposition formula which is always false is called Contradiction.
v A proposition formula which has both true and false values is called

Statements which are questions, commands, or opinions are not propositions
such as "Where is Rohini", "How are you", "What is your name", are not
propositions.

¢ Syntax of propositional logic:

The syntax of propositional logic defines the allowable sentences for the knowledge
representation. There are two types of Propositions:

;g Al ghial) dlay Uy
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a. Atomic Propositions
b. Compound propositions
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o Atomic Proposition: Atomic propositions are the simple propositions. It
consists of a single proposition symbol. These are the sentences which must be
either true or false.

028 aa) g =) 5Bl ey e callyy g8 5 Adapd Clal Y (oo A, e B g A 2B
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Example:

a) 2+2 is 4, it is an atomic proposition as it is a true fact.
b) "The Sun is cold" is also a proposition as it is a false fact.

o Compound proposition: Compound propositions are constructed by
combining simpler or atomic propositions, using parenthesis and logical
connectives.

Al f ddalusy Y s il (s gl JDA (e 4S5l s il e L) a3 Sl 1B
dalaiall Sl sall 5 (il BY) aladiils ¢

Example:

a) "It is raining today, and street is wet."
b) "Ankit is a doctor, and his clinic is in Mumbai."

dLAAJI\.SJML;s JLQBJA&A@;JNAUA;\_\SJA@JMQB\)ﬁ\oAA

% Logical Connectives:

Logical connectives are used to connect two simpler propositions or representing a
sentence logically. We can create compound propositions with the help of logical
connectives. There are mainly five connectives, which are given as follows:

AS je s ite o L) iy Agihaie Alaa Jiiad sl ol a8 Juai™U dslaiall Loyl )1 alasiind oy
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1. Negation: A sentence such as — P is called negation of P. A literal can be
either Positive literal or negative literal.

Gl 5l Ui 5o a0 0 (S i all P i (oans = P Jie dlea AR

2. Conjunction: A sentence which has A connective such as, P A Q is called a
conjunction.

el Ll ai PAQ Jie A 3o e ) Alenll gl i

Example:

Ali is intelligent and hardworking. It can be written as,

D Al 48y plally LeliS oSy (S5 amg Jamy 5 (S5 e

P= Ali is intelligent,
Q= Ali is hardworking.

— PA Q.

3. Disjunction: A sentence which has V connective, such as P V Q. is called
disjunction, where P and Q are the propositions.

AL JEally e LaS g v Ml JSEIL Jaal 5 Ld ) dlaadl sa: Juaii¥) ) Juail

PV Q. is called disjunction, where P and Q are the propositions.

Example:

"Ali is a doctor or Engineer",
Here P= Ali is Doctor. Q= Ali is Doctor, so we can write it as PV Q.
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4. Implication: A sentence such as P — Q, is called an implication. Implications
are also known as if-then rules. It can be represented as

If it is raining, then the street is wet.
Let P= It is raining, and
Q= Street is wet,

so it is represented as P — Q

Llia oS if-then. Js:\js.tuagi J\S;}” u)aft Opasaill el ¢ P — Q Jie s el
Al &JLS'J\ O ¢l elawd) cilS 1)) N

5. Biconditional:
A sentence such as P& Q is a Biconditional sentence, example
If I am breathing, then I am alive
P=1 am breathing,
Q=TI am alive,

it can be represented as P & Q.

A48 Ula ¢ peanil cui13) Qe ¢ Ja il A0l dlea e 3 ke P O Jie dlaa -ha il A
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¢ Following is the summarized table for Propositional Logic Connectives:
Connective symbols Word Technical term  Example

AND Conjunction AMB
OR Disjunction Av B
Implies Implication A>B
If and only if Biconditional A= B

Mot MNegation -Aor—-B
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+* Truth Table:

In propositional logic, we need to know the truth values of propositions in all
possible scenarios. We can combine all the possible combination with logical
connectives, and the representation of these combinations in a tabular format is
called Truth table. Following are the truth table for all logical connectives:

For Negation:

True

False

False

True

For Conjunction:

P a PnQ
True True True
True False False
False True False
False False False
For disjunction:

P (o] Pw Q.
True True True
False True True
True False True
False False False
For Implication:

P Q P>Q
True True True
True False False
False True True
False False True

For Biconditional:

P Q P—=Q

True True True

True False False

False True False

False False True
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¢ Truth table with three propositions:

We can build a proposition composing three propositions P, Q, and R. This truth
table is made-up of 8n Tuples as we have taken three proposition symbols.

P Q R =R PvQ PvQ->7R
True True True False True False
True True False True True True
True False True False True False
True False False True True True
False True True False True False
False True False True True True
False False True False False True
False False False True False True

% Precedence of connectives:

Just like arithmetic operators, there is a precedence order for propositional connectors
or logical operators. This order should be followed while evaluating a propositional
problem. Following is the list of the precedence order for operators:

Precedence Operators
First Precedence Parenthesis
Second Precedence Negation
Third Precedence Conjunction(AND)
Fourth Precedence Disjunction(OR)
Fifth Precedence Implication

Six Precedence Biconditional
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¢ Logical equivalence:

Logical equivalence is one of the features of propositional logic. Two propositions
are said to be logically equivalent if and only if the columns in the truth table are

identical to each other.

Let's take two propositions A and B, so for logical equivalence, we can write it as
ASB. In below truth table we can see that column for ~AvV B and A—B, are

identical hence A is Equivalent to B

A B A <AV B A->B
T T F T T
T F F F F
F T T T T
F F T T T

¢ Properties of Operators:
o Commutativity:
o PANQ=QAP,or
o PVvQ=QVP.
o Associativity:

o PAQ)AR=PA(QAR),
o (PVQ)VR=PV(QVR)

o Identity element:

o P ATrue=P,

o PV True= True.
o Distributive:

o PA(QVR)=(PAQ)V (PAR).
o PV(QAR)=(PVQ)A(PVR).

o DE Morgan's Law:
o ~(PAQ=(P)V(=Q)

o “(PVQ=CP)A(Q).

o Double-negation elimination:
o (_‘P) =P.
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+» Limitations of Propositional logic:
o We cannot represent relations like ALL, some, or none with propositional
logic. Example:

a. All the girls are intelligent.
b. Some apples are sweet.
o Propositional logic has limited expressive power.

o In propositional logic, we cannot describe statements in terms of their
properties or logical relationships
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