BCA-39% Artificial Intelligence

External Marks: 80
Internal Marks: 20

Time- 3 howrs
Nos: Exnemaer wil e mgured m ser NINE quesuons in all. Queston Number 1 will consist of
sotal B pams (sivoss-aawer PPe qUESTOnS) COVERAR the ennire syllabus and will carry 16 marks. In
addbnon w the compuiaory QUESTIOT shere will be four units Le. Unit-l to Unit-IV. Examiner will set
o T e of the wyilabus and each queston will carry 16 marks. Student will be
mq.n::-.-_._ w amemer FLY L QUESIOOS 0 all. Queston Number 1 will be compulsory. [n addinon to
compulsory -a’m sosdent will bave o arrempt four more questions selecting one question from
cach Unst

UNIT -1
Overview of Al Introduction w0 Al Importance of Al Al and its related field, Al
1echnigues, Criteria for success.
meudmrﬂzoefmingdmprublcmasastaxespace search,
Production system and its characteristics, Issues in the design of the search problem
Heuristic search techmiques : Generate and test, hill climbing, best first search technique,
problem reduction, constraint satisfaction

UNIT-H
Knowledge Represeatation: Definition and importance of knowledge, Knowledge
representation, Various approaches used in knowledge representation, Issues in knowledge
representation.
Using Predicate Logic : Represent ting Simple Facts in logic, Representing instances and
is_a relationship, Computable function and predicate.

UNIT - 111
Natural language processing : Introduction symtactic processing, Semantic processing,
Discourse and pragmatic processing.
Learning: Introduction learning, Rote leamming, Leaming by taking advice, Learning in
problem solving. Learning from example-induction. Explanation based learning.

UNIT- IV
Expert System: Introduction. Representing using domain specific knowledge, Expert system
shells.

Suggested Readings
|. David W. Rolston : Principles of Artificial Intelligence and Expert System Development.
McGraw Hill Book Company.
2. Elaine Rich. Kevin Knight : Artificial Intelligence, Tata McGraw Hill.
3. D.W. Patterson, "Introduction to Al and Expert Systems”, PHI. 1999
4. Nils J Nilsson ,"Artificial Intelligence -A new Synthesis” 2nd Edition (2000), Harcourt
Asia Lid.
Note: Latest and additional good books may be suggested and added from time to time.
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e What do you mean by AI? Write the ' * Systems that can understand a natural language
Qaic) .‘ AL sttt

im portance e Systems that perform other types of feats that
A_1s. Artificial Intelligence require human types of intelligence.

Antificial Intelligence is 2 widely uscd ierm wibch s very Importance of Artificial Intelligence (A)

and difficult to definc. As the years bave pass<c
different definitions for the word "Artificial Intelligence®..

According 1o Elaine Rich (1991) ™ ificial [ni’e;'.’_':':e.'!ce
is the study of how to make computers do things that at
the moment people do better . Although s el

fails to concentrate on the problems tha: cannot be u::ﬂE
by either peopic or computers and that the environment of
c:')mpuu:r science 15 always evolving and 1t never siays

the same.

John R. Searie{1979). another Al expert defines Al in two
ways .

The first is what he calls “Weak Al', where he sees the
computer as being a powerful tool for testing and
formalating hypotheses in a cormrect and clearly stated
manner. According to the second way which is ‘Strong
Al', if a computer is given the right program it can
literally understand and have cognitive states and because
the programmed computer has cognitive states,
the programs are not only tools that permit us to test
psychological explanations, rather the programs are
mum

muaamqm science concerned
with the study and creation of computer systems that
show signs of some form of intelligence. These are:

viaa e Y e
s OS1Imaon

e e—

Al is one of the important developments of world. It will
surely affect the lives of human in the coming days. It is
important in the development of computer products,
robotics and related fields. In fact, Al is growing in
importance everyday. The field of Al is sure to bring in
vast opportunities. The importance of Al can be estimated
from the following viewpoints:

Major companies are investing big in Al

Rapid Advancement

Vast opportunities

Smarter Software

Robotics is developing rapidly

(= W N T

Al is essential to overcome information Challenges

- Major companies are investing big in AI

The large hi-tech companies like IBM, Google,
Microsoft, Ebay, Yahoo have multiple active
developments underway. They seem to be in a race to
acquire systems and so hire inventors and creative minds.
DARPA has also been funding the development of ALV
(Autonomous Land Vehicle) which is a driverless
mulitary vehicle and the development of an expert system
to assist pilots.

Rapid Advancement

As the costs of hardware are falling rapidly. Al is
becoming a leading choice. High speed Graphical
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Artificial intelligence e —

s) can recognize about 88% of
rmal, human, English language
trends, hardware costs will no
industry accelerate,

Processing Units (GPU’
the words spoken in no
conversation. With such
longer be a barmier (O let Al

Vast opportllnities

A] offers vast opportunity space. In future Al will power
t would drive your car, a vacuum

vision systems tha _ ‘ :
cleaner that will recognize the furniture and dirt on it and
t will mow the lawn

an autonomous lawnmower tha
without disturbing the flowers. Just count on a future
when Al will be used as a utility and in everyday objects,

Smarter Software

Al will increasingly be made a part of other software
programs. Al enabled software will serve as virtual
assistants, providing hints and previews of processes and
help speed up and maximize tasks. '

Robotics is developing rapidly

N ..

an(:lwi:(:;zllpced robots are gaining enhanced senses, skills

machi igence. It is all credited to AI, machine to

are alr':;gmtli]mmncanon and sensors etc. Industrial robots

such Y there to take up difficult and dangerous tasks
as welding, Spray painting etc.

Al is o :
essential to overcome information

systems fo intelligence aided computer
infonnationr iga;pfgilm’m In today's world wphcre
expertise becomes Ng at an exponential rate, human

hims :
Imited in Certain domains.



Q2.(b) What is Artificial Intelligence? Explain the
applications areas of Artificial Intelligence in
detail. MDU BCA 2018

Ans. Artificial Intelligence (AI)

Artificial Intelligence (Al) is the study of what
intelligence is and the process of creating systems that
are more useful and smart.

Al 1s an interdisciplinary field which includes
psychology, philosophy, linguistic, electrical engineering
and computing science. Other engineering disciplines are
also actively involved in some of the branches of Al For

example, mechanical engineering plays an important role
in the design of robots.

Al researchers in psychology, philosophy and linguistics
are collectively referred to as information processing
psychologists or cognitive scientists. The cognitive
scientists are interested in understanding v'hat
intelligence is, how it is acquired and used. Their central
activity involves the modeling of human information
processing. The computing science, electrical engineering
and other related engineering fields are more interested in
building computing systems that perform at high levels of

behaviours — building machines that are more useful and
smart.

Definitions of AT

According to Patterson, “Al is a branch of computer
Science that deals with the study and the creation of

Computer systems that exhibit some form of
intelligence.”

‘By intelligence’ we mean:

* Systems that learn new concepts and tasks,
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that can undersiand & naturcl language 4 lndustlriul Automation and Manufacturing
. r hend @ visual scene; 5. Robotics
R o x and draw useful 6. Game Playing
o Systems bout the world around us and 7. Image Understanding and Computer Vision
ol s other types of feass that | 8. Machine Learning
« Sysiems per) intelligence.
wmm'f | 1. Expert Systems
- ol intelli is, “the '
According 1© Haugeland. antificial m. e An expert system is a software package that
exciting new W ’.ﬁmﬂd‘# " Er— : accumulates the knowledge and decision making
machines with minds, in |

i capabilities of the specialists in a particular field.

. ;. An expert system is a set of programs that manipulate
automation o, activities that ﬂw _'ﬂ Auman encoded knowledge to solve problems in a specialized
thinking, activities such as decision making, problem domain that normally requires human expertise.

Expert systems are automatic systems. They respond as

Artificial Intelligence an intelligent assistant by giving advice and suggesting

Almyof possibie decisions. Expert syste?ns have been b%lilt that
The aim of artificial intelligence (Al) is in some way (0 can diagnose fauits in military systems like aircrafis,
Wﬂﬂbmmm that humans tend 1o radars etc., taxonomically classify members of a
m particular species, advice on possible chemical structures,
In - enbies it the at — | diagnose diseases etc.
computers behave in a smarter manner. The actual name It is also known as Knowledge Based System. It uses a
Antificial Intelligence was coined by John McCarthy in knowledge base for its artificial intelligence. It also uses
1956 — he was the designer of the language LISP. the decision rules of human specialists to amve at certain

‘ conclusions and to give recommendations.

- —— i The primary goal of expert systems research is to make
Every branch of science, engineering and technology ‘ expertise available to decision makers and technicians
shares the tools and techniques available in the domain of | who need answers quickly. These knowicdge-based_
artificial intelligence. Application areas of Al are i applications of artficial intelligence have enhanced
classified as: ‘ productivity in business, science, engineering and the
L. Expert Systems | miliary

L'mgﬂagel’mgrams : The first and firm application of Al was the design and
2. :am':lR —" | d:feff.‘r;meni '.?-1'» th‘:.:‘(mrt svstem named MYCIN at
- Speech Recognition ; :

Stanford University in the mid 1970s.
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) - oals of arufici miziligenc s

One of the long :"’f ding 0% that arc capable of
the cn:aum pmgl_wgﬂ b language.

sse one or the other programming language (0 enable us

: the computer in our own language, it would
e ety convenicnt. And this is the Natural
Language Programming (NLP). Such software allows
users to instruct the computer for performing any task
through plain English. French, Spanish or any other
natural language instructions.

A Natural Language Program interprets the parts of
speech, the meaning of a sentence and then converts the
sentence/commands in the computer’s own language that
it can understand and process. Such program transforms
sentences occurnng as part of a dialog into data structures
which convey the intended meanming of the sentences.

3. Speech Recognition

Speech recognition provides a means by which speech is
broken down into the individual word tokens. Discrete
splccch recognition is used widely today, presenting a
MINor Inconvenience to the user.

4. Industrial Automation and Manufacturing
.IndustriallAutnnnﬁon is concerned with introduction.
;ncofpomm and intervention of automation, stamng
i;‘co;ﬂ\n’z r::d matﬂ:al handling, pianning and production of

* assembly leading to higher capable
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equipment and their inventory. Automation means less
human interference, more computing with knowledge
enriched environment. Flexible manufacturing system has
emerged to tic up with Al for industrial automation in
most of the leading and pioneering industries in the
world.

Robotics

Robotics is one of the prime areas of Al applications. Al
methodology is applicable to robotics in two ways: One is
design and control of robot and the other is application of
robots to various fields such as manufacturing, mining,
medicine (surgery). Thus, robotics is a field of Al which
enhances the ability to move and act in the world,
possibly responding to new perceptions.

The application of robotic system is highly useful in
places where human movement is restricted as in nuclear
plant or mines. Robotic systems work intelligently in
such places and atmosphere where hazards prevail for
humans with high probability.

Game Playing

Game playing is one of the oldest areas of attempt in
artificial intelligence. A chess-playing computer is a
proof of a machine doing something using intelligence.
Also, the simplicity of the rules and their application in
the program implies that it is easy to represent the game
as a search through a space of possible gam= positions.
Thus, game piaying is one of the leading d ' .ains where
Al has been applied with great success.

Machine leamning is subfield of artificial intclligence that
is concerned with the design and development of
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Q3.(a) What is AI? Explain its origin and its various
techniques. MDU BCA RE 2015

Ans. Artificial Intelligence (AI)

Artificial Intelligence (Al) is the study of what
intelligence is and the process of creating systems that
are more useful and smart.

Al 1s an interdisciplinary field which includes
psychology, philosophy, linguistic, electrical engineering
and computing science. Other engineering disciplines are
also actively involved in some of the branches of Al. For
example, mechanical engineering plays an important role
in the design of robots.

Al researchers in psychology, philosophy and linguistics
are collectively referred to as information processing
psychologists or cognitive scientists. The cognitive
scientists are interested 11n understanding what
intelligence is, how it is acquired and used. Their central
activity involves the modeling of human information
processing. The computing science, electrical engineering
and other related engineering fields are more interested in
building computing systems that perform at high levels of
behaviours — building machines that are more useful and

smart.
Definitions of Al

According to Patterson, “Al is a branch of computer
science that deals with the study and the creation of

computer systems that exhibit some form of
intelligence.”

‘By intelligence’ we mean:

* Systems that learn new concepts and tasks,

;
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. Systems that can understand a natural language
and comprehend a visual scene,

« Systems that can reason and draw  useful
conclusions about the world around us and

e Systems that perform other iypes of feats that
require human types of intelligence.

Accorling to Haugeland, artificial intelligence i.s. “the
exciting new effort to make computers tlunk
machines with minds, in the full and literal sense.

According to Bellman, aruficial imclligcncz-: 1s, “the
automation of activities that we associate With human
thinking, activities such as decision making, problem
solving, learning ..."

Origin of Artificial Intelligence (AI)

The origins of Al can be seen in Alan Turing’s work on
intelligent machines published in 1950. Turing
formulated the first paper models of game playing
programs. Some date the origins of Al to McCarthy's
invention of the LISP programming language in the

1950s. This was the first language designed for solving
symbolic problems rather than numerical ones.

In 1960s, Allen Newell and Herbert Simon developed
General Problem Solver or GPS to imitate human
problem solving protocols. [t was the first computer
program designed to solve problems in a human way.

In the 1970s, expen systems were developed which

embodied as a set of rules the knowledge of an expert.
The most famous of these was MYCIN medical expert

System. At the same time, Systems were developed to
nn_dcrstand language, of which the most famous was
Winograd’s SHRDLU Sysiem. The 1980s saw the

WADHWA'’s Sele
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development of neyra] netw

orks as a meth arni
iy ethod of learning

With the advax}cgmcnls made in the field of Al and
mcrea;cd association of more and more researchers and
scientists to the field

» it has become possible to
understand the problems and their complexities in a better
way.

Al Technigues

Al technique is a method that achiev
main Al techniques are:

1. Search

es knowledge. The

" 2. Use of Knowledge

3. Abstraction
Search

Search provides a way of solving problems for which no
more direct approach is available as well as a framework

into which any direct techniques that are available can be
embedded.

A search program finds a solution for a problem by trying

various sequences of actions or operators until a solution
1s found.

Advantages

® It is the best way so far as no better way has been
found to soive the probiems.

* To solve a probiem using search, it is only necessary
to code the operators that can be used: the search
will find the sequence of actions that will provide the
desired result. For example, a program can be
written to play chess using search if one knows the
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ld easily be adjusted to correct errors and to
mecessary to kmow how to e [t cou [j
rules of chess; & &5 not demaonstrate changes in the world.
good chess.
play It can be used to help overcome its own thorough
Disadvantages

: Ty ; -
Most problems have scarch spaces so large :b.a.t it is
in!p;]iﬁbkc 0 search the whole space. Chess nas bec:.
estimated to have 10" possible games. The rapid growth
of combinations of possible moves 15 called the
o .

combinatoric explosion problem.

volume by helping to restrict the range of
possibilities that must usually be considered or
discussed.

It could be used in different situations even though
it may not entirely be complete.

3. Abstraction
2. Use of knowledge

Bt : Abstraction finds a way of separating important features
L - ides a w ng complicated v = 3
Use of knowledge provides ;b:a} of 50“__ gfc:;:" s and modifications from the unimportant ones that would
mbltms by manipulating s e otherwise confuse any process.
at are concerned.

The ways in which knowledge can be represented for
usage in Al techniques:

Al technique is a method that achieves knowledge that
should be represented in such a way that:

* The knowiedge captures generalization. This means
grouping situations that share important properties
rather than representing each situation separately.
With such arrangement of knowledge, unreasonabie
amounts of memory and updating will no longer be

required. Anything without this property is called
data’ rather than kno wiedge.

instruments b—z b e -d
o, Ut in manmy Aj areas, most of the
“nowiedge a program has must pe rovided by
People in terms thar they undersiand it : -
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Artificial Intelligence ...

Q3.(c) Write a short note 0n Alan Turing’s Criteria for
Success.
OR

How will you know if the machine you haye
constructed is intelligent?

Ans. Alan Turing’s Criteria for Success

To know about the success of any AI research project
Alan Turing proposed a method which has become

known as Turing Test. _

This test was proposed to determine whether the machipe
constructed is intelligent or to determine whether
machine can think. To conduct Turing Test, it required
two people and the machine to be evaluated — 3]] ip
separate rooms. One person acts as interrogator who asks
questions frpm either the person or the computer by .
typing questions and receives typed responses. However
glce interrogator knows them as A and B and tries to

lermine Wl?lch is the Person and which is the machine.
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Q4.(a) Explain the following briefly with suitable

examples:
Problem
Problem Characteristics MDU BCA 2016

Problem Space MDU BCA RE 2018
Search Space
Search

Issues in design of search problem
MDU BCA 2016

7. Use/Role of Al in problem solving
MDU BCA 2016

8. Constraint satisfaction and its uses
MDU BCA RE 2016

OR

Constraint satisfaction
MDU BCA RE 2018, 2016

S

Ans. 1. Problem

o

Problem is the question which is to be solved. For
solving a problem it needs to be precisely defined. The
definition means, defining the start state, goal state,
other valid states and transitions.

So, a problem consists of a set of initial states, a set of
goal states and a set of path constraints. The problem 1s to
find a path that satisfies the path constraints and ends at
any goal state.

To formulate any problem, four components are deﬁﬁed
In a very formal way. These four components it

* The initial state or starting state.



. Is the problem
UnIvVerse
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No, since move of
other player is not

85

predictable? sure.

. Is a good solution Absolute

absolute or

relative?
. Is the solution a Path becaus:
state or a path to winning state

state?

describes path to
state

. What i1s the role of

[t helps to constrain
solution search.

knowledge?
. Does the task
require human
interactions?

3. Problem Space

No, since additional
assistance 1s not
required.

A problem space consists of a set of symbolic structures
(the states of the space) and a set of operators over the
space. Each operator takes a state as input and produces a
state as output, although there may be other inputs and
outputs as well. The operators may be partial, 1.e. not
defined for all states. Sequences of operators define paths
that thread their way through sequences of states.

An example of a problem space is that of the game of
chess:

(a) Initial state: chess pieces in starting position
(b) Operations: legal moves
(c) Goal states: checkmate, stalemate etc.

A problem space can also be considered to be a search
Space because in order to solve the problem, we will
search the space for a goal state.

A

T R—————



Artificial Intelligence 8

4. Search Space

It is the complete set of states including the start and
goal states, where the answer of the problem is ¢, be

searched.

Because of the search space problem,. automated provers
today can only prove relatively simple theorems i,
special domains with few axioms.

S. Search
It is the process of finding the solution in search space.

The input to search space algorithm is problem ang
output is solution in the form of action sequence.

6. Issues in design of search problem

T;) solve problems in Al, search is applied. The solution
Of problem depends on the search process. Search
techniques guide one to reach goal state of the problem.

Because of the cognitive skills

Ss
i a!yze fie: alite spoce 2 s possessed, humans can

@ the problem solution.

rl;ll::: (;Ll‘ection of search is also to be
rules is also an Important facig,@ rules. So, selection of

After the direction comes the path representation
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search? Explain.

javing 2 game, We require the
Ans. :;Lm;tl;i: mﬂi&?{a winning as well as
representing positions in the game. The opening position
can be defined as the initial state _and a WINDIng position
as a goal state. Moves from initial state 10 other states
leading to the goal state follow legally. However, the
rules are far too abundant in most games - especially in
chess, where they exceed the nmnbcrofpunlcks in the
universe. Thus, the rules cannot be supphied accurately
and computer programs cannot handle easily. The storage
also presents another probiem but searching can be
achieved by hashing.

The number of rules that are used must be minimized and
the set can be created by expressing each rule in a form as
possible. The representation of games leads to 2 state
space representation and it 1s common for well-organized
games with some structure. This representation allows for
the formal definition of a problem that needs the
movement from a set of initial positions to one of a set of
target positions. It means that the solution involves using

known techniques and a systematic search. This is quite a
common method in Arntificial Intelligence.

State Space Search

A state space represents a problem in terms of states and
oOperators that change states.

A state space consists of:

thecurrcntsmeoflhe game.

e A set of operators that can change one state into
another state. In a board game, the operators are the
legal moves from any given state. Often the opera

tors
are represented as programs that change a state

representation to represent the new state.

e An initial state.

A set of final states; some of these may be desirable,
others undesirable. This set is often represented

implicitly by a program that detects terminal states.

The Water Jug Problem

In this problem, we use two jugs called four and three;
four holds 2 maximum of four gallons of water and three
a maximum of three gallons of water. Neither has a
measuring marker on it. There is a tap that can be used to
fill the jugs with water. How can we get exactly two
galions of water in the four jug?

ng ihe

The state space is a set of prearranged pairs givi

number of gallons of water in the pair of jugs at any time,
~ie., (Tour, three) where four = 0, 1, 2, 3 or 4 and

three=0, 1,2 or 3.

The start state is (0, 0) and the goal state is (2, n) where n
may be any but it is limited to three holding from 0 to 3
gallons of water. Three and four shows the name and
numerical number shows the amount of water in jugs for

solving the water jug problem. The major production
rules for solving this problem are shown below:

Initial ¢gndition Goal comment

1. (four, three) if four <4 (4. three) fill four from
:::.p

2. (four, three) if three< 3 (four, 3) 1l three from

tap
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g ) (0. ) CTIPLY foar mntg 4 ) b
- three) 1f four> 4
l'; ¥ t I
o (fous, theee) if twee> 0 (fous. 0) empty {hree into 2 0 10
: (four + three. 0) empty The problem ﬁ"l"ﬁd by using the production rules in
5. (four, three) if three o four combination with an appropriate control strategy, moving
(fowr + thace) through the problem space until a path from an initial
6. (four, three) if (0. four + three) empty state to a goal state is found.
" g 3 four into three
e r . In this problem solving process, search is the fundamental
7. (0, three) If three >0 (thwoe. 0) coopty theee mto . concept. For simple problems it is easier to achieve this
| . goal by hand but there will be cases where this is far oo
8. (four, 0) if four >0 (0. four) empty four into difficult.
three
9.(0,2) (2. 0) empty three into
four
10.(2,0) (0. 2) empty four inmto
three

11. (four, three) if four < 4 (4, three-diff) pour diff,
4-four, mto four from
three

12. (three, four) if three <3 (four-diff, 3) pour diff, 3-
three, into three from four
and a solution is given

below four three rule
'S One Solution to the Water Jug Problem is:
Gallonsin  Gallons in Rules Applied
Four Jug Three Jug
0 0 g
0 3
| 3 0 -
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Q4.c) Explain  production

system and s
haracteristics in detail.

MDU BCA RE 2018, 2018

Ans. Production System

' ificial intelligence sysiem developed for solution
:;u_ypm&fmﬁmﬂedmm

Production systems provide search structures that form
the corc of many inteliigent processes. Production
systems are apphed to problem solving programs that
must perform a wide-range of searches. They are useful
W structure Al programs in a way that facilitates
describing and performing the search process.

A production system consists of:

* A global database

* Production rules

* A control strategy

Transforming a problem statement into these three
components of the production system is often called the
representation of problem in Al

A global database: The global database is the
System's shori-term memory or the central database.
These are collections of facts that are to be analyzed.
A par of the global database represents the current
state of the system’s environment. The size of this
global database depends on the problem statement. It
may be as small as small matrix or it could be as

© 2 a complex relational database. In a

the rule
perform another action,

$ not fulfilled, it may
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Production rules: A production system consists of
a set of rules. These rules are conditional if-then
branches. These rules are applied on the global
database. Each rule consists of 4 Jeft hand and a right
hand side. Left hand side or pattern determines the
applicability of the rule and right side describes the
operation to be performed in case the rule s applied
1e. each rule has a precondition. If a precondition of
the rule is satisfied only then the corresponding rule
could be applied to the respective state.

A control strategy: A control strategy performs the
task of selecting rules. It specifies the order in which
the rules will be compared to the databas- There are
two kinds of control strategies:

- Irrecoverable: In this when a rjc 15 selected and

applied; the state of the ; 'lem cannot be
recovered.

- Tentative: In this when a rule is selected and

applied, provision is made to return later to this
point in the computation.

The control strategy also resolves the conflict that arises
when several rules match at once. This is the major issue
10 be sorted out in a production system.

Different conflict resolution strategies

Some of conflict resolution strategies are:

Perform the first: In this method. the system chooses
the first rule that matches.

Sequencing Techniques: Adopt the rules in the

sequence they are.
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st search technique in detail.

Q6.(b) Explain best fir MDU BCA 2018
OR
. ithm for best first techniques.
Farapapes MDU BCA 2015
Ans. Best First Search

Best first search is a combination of Depth First Search
(DFS) and Breadth First Search (BFS). In best first
search method, a single path is followed at a time, but
paths are switched when more-promising paths than the
current one are found.

The breadth first search starts at the start node and
maintains the set of candidate paths. It chooses for
expansion of a shortest candidate path. It refines this
pnnciple by computing a heuristic estimate for each

candidate and chooses for expansion the best candidate
according to this estimate.

The heuristic function used j
evaluation function An eval
far the node is from the g0
evaluation function value ;ls

n best first search 1s called an
uation function indicates how

al node. Goal nodes have an
Zero.

Example: Consider the following example:
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Qé6.(a) Explain problem reduction technique and its

merits with examples. MDU BCA RE 2016
OR

Discuss problem reduction technigue with an

example. MDU BCA 2016
OR

What is problem reduction? How is it useful

and used? Explain. MDU BCA RE 2015

Ans. Problem Reduction

The process of decomposing a complex problem into a
set of sub-problems, finding the sub-solutions for these
sub-problems and then integrating all these sub-
solutions to get the solution of the given complex
problem is known as problem reduction.

Thus, the problem reduction idea involves replacing a
problem goal by a set of subgoals such that if the
subgoals are solved, the main goal i1s also solved.
Problem reduction is better if it 1s easy to decompose a
problem into independent sub-problems. It is a basic
problem-solving technique of Al

How Problem Reduction is used and useful?

The problem reduction technique is used to divide large
problems into more readily solvable sub-problems. The
structure of sub-problems can be represented in terms of

an AND/OR graph. A path in such a graph can denote the
solution to an overall problem.

Thus in the problem reduction approach, a user’s problem
is reduced to sub-problems. Each sub-problem is then
treated as a problem and reduced into further sub-
problems and so on. The reduction process continues
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reduced o primitive
lems have been :
‘:;lp;guy The prmilive sub-problems arcu;osft that
can be solved readily. An ANDVOR graph can be used 1o
depict the various ways a problem can be reduced.

mmmdmwmﬂrmgmalmbkm
Each directed arc from the mode ref ihe
application of a reduction operalor 10 the pmblgm.
Reduction operators can bz classified into two categories:
AND reductions and OR reductions. The applications of
an AND reduction operator as shown in the figure results
in two sub-problems Aj; and Aq.

If both A, and Ay, can be solved then problem A can be
solved. The node A; is called a synthesis node and
represents the notion that the results of the sub-problems
have to be synthesized to obtain a solution for A. Because
the solution depends on solutions existing for both Ais
and Ap, these nodes are called AND nodes and are

represented in the graph by incoming arcs which are cut
by semicircles.

2‘; application of an OR reduction operator is shown
ow:
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Application of the operator results in two problems A,
and Ap;. Because these are not AND nodes, solving either
one of the problems would allow the solution of the
problem A. A;; and Ay; are therefore called OR nodes.

The node A; is used to denote a point where heuristic
information would be valuable in deciding which sub-
program would be most profitable to explore first.

Example: How to acquire TV set?

[Coal: Acquire TV set ]

!

Uful: Steal TV set [Coal: Earn some IIIOIE_\J { Goal: Buy TV set I

(AND — OR Graphs)
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Q5.(a) Explain Hill Climbing in detail.
MDU BCA RE 2018

OR
Write the algorithm for hill climbing search.

What are the problems in hill climbing?
Explain using examples. MDU BCA 2015

Ans. Imagine you are climbing 2 mountain and vou are in a
very thick fog. You can only see a distance equal to one
step length. To try to climb you take the step in the

direction that is steepest to get 1o the highest point of all
the locations you can currently see.

In other words, hill-climbing search simply evaluates the
objective function for all states that are neighbours to the
current state. and takes the neighbour state with the best
objective function value as the new current state. If there
are more than one next best state, one is picked randomly.

The Hill-Climbing search always moves towards the

| goal. Using heuristics it finds which direction will take it -
closest to the goal.

The name ‘hill climbing’ comes from an analogy:

A hiker is lost halfway up/down a mountain at night. His
camp is at the top of the mountain. Even though it is dark,
the hiker knows that every step he takes up the mountain
I8 a step towards his goal. So a hill-climbing search
always goes to the node closest to the goal.

Hill climbing is actually a combination of Generate-and-
Test plus direction to move. In this the heuristic function
is to estimate how close a given state is to a goal state.

Algorithm for Hill Climbing

Step 1: Place the initial node on a list. START-LIST.

Aoty
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2:H (START-LIST emply) Of (START-LIST 15
g GOAL) then termunale scarch
Remove the first-pode from the START-LIST.
Call this node. f. |
Stepd: If (f = GOAL) then terminate search with
SUCCESS.
' then generate all of
§: Else if node, f, has successors g
- them. Find how far they are from the goal node.
Sort them by the remaining distance from the
goal and add them to the lxgmmng of START-
LIST.

Step 6: Goto Step 1.
Example: Consider the following tree:

Step X

® Here, let the initial node ie. root be on a START-
LIST. Since START-LIST is net empty nor the Goal,

remove this node (f) from the START.LIST and
generate s successors. Sort this START-LIST on the

basis of the distances from the goal and keep
repeating this process till a goal is found.

e A new state has to be better, meaning that if one
considers the cost function then it means a lower
value and if one considers the objective function then
it means a higher value.

e If the algorithm is constantly following the direction
which gives the fastest rate of increase then it is
called as the steepest ascent hill climbing. But if the
lowest cost is best then it is a down hill algorithm.

e This algorithm is called as a steepest rise with back-
tracking search method because it is prepared to back

up and try a different path if the steepest one leads to
a dead end.

e Hill ¢climbing i1s sometimes called as a greedy local
search because it grabs a good neighbour state
without thinking ahead about where to go next.

Problems of Hill Climbing Techniques

Hill climbing can produce lot of saving over blind
searches when an informative, reliable function is
available to guide the search to a global goal. It suffers
from some serious drawbacks when this is not the case. A
major problem of hill climbing strategies is their
tendency to become stuck at foothills, a plateau or a
ndge. If the algorithm reaches amy of the above
mentioned states, then the algorithm fails to find a
solution. These drawbacks are:

Local Maxima

Local maxima is a state that is better than all its

neighbours but farther away from the actual goal i.¢. the
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Solution to this problem:

e One possible solution 1s backtracking. Backtracking
helps in undoing what has been done so far and
permits to try a totally different path to attain the
global peak

¢ Another solution can be a list of promising plan.

2. Platean

It is a flat area of the search space in which all
neighbouring states have the same value.

Solution to this problem:

. ;)rgfcapossiblc solution is big jump to escape from the
e et o
lghbm’"“g pomnts have the same value.
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e Another solution is to apply small steps several times
in the same direction. This depends on the rules
available.

3. Ridge

Ridge is a special kind of local maximum. It is an area of
the search space which is higher than the surrounding
areas and that itself has a slope as shown in the figure:

—

Ridge

One can not travel the ridge by single moves as the
orientation of the high region compared to the set of
available moves makes it impossible.

Solution to this problem:

* Trying different paths at the same time is the solution
of this problem. One can apply two or more rules
before doing the test. This corresponds to moving in
several directions at once.
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Q7.(a) What is knowledge? Describe the importance of

knowledge.

Knowledge can be defined as the body of facts and the
principles accumulated by human act, fact or state of

knowing.

Knowledge is the ability to understand information and
then to form judgments, opinions, make predictions and
decisions based on that understanding.

Knowledge also means a familiarity with language,
concepts, procedure, rules, ideas, places, facts,
associations, coupled with an ability to use these notions
effectively in modeling different aspects of world.
Without this ability, the facts and concepts are
meaningless.

By the Oxford dictionary definition, “Knowledge is
defined as expertise and skills acquired by a person
through experience or education, the theoretical or
practical understanding of a subject. i

Knowledge is human understanding of a subject matter
that has been acquired through proper study and
experience. Knowledge 1s usually built by learning,
thinking and proper understanding of the problem area. It
can be considered as the integration of human perceptive
process that helps to draw meaningful conclusions.

In order to perform an intelligent action (like solving a
given problem, answering a question, playing a specific
game, speaking a natural language), one must pOSSCSS the
relevant knowledge in the form of specific facts and the
inter-relations amongst them.
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p yicld know ledge

“the ideas or understanding,
which an entily possesies that are used w take eﬁ“ﬁ‘f-‘
action 10 ochieve the entity’s goal’ s ;.“Thu knowledge i
specific to the enfity which created it.

i oyl
Knowledge simply means

Knowledge is viewed by the Al e‘ﬁpﬂr‘is asa coiiectjqn of
facts about the world to be formally f’-‘mﬂted i
computer. It forms the knowledge base of an Al system
on which the problem solving software should work.

Importance of Knowledge

o Intelligence requires knowledge. That is, to exhibit
intelligence, knowledge is required. Knowledge plays
a major role in building intelligent syst=ms.

* To solve real world problems easily, effectively,
efficiently and economically, expert systems are
developed using knowledge.

* Knowledge serves as a Sackground for
articulating possible courses of action, for
}'udging whether courses of action will yield the
intended result and for using this Jjudgment in
selecting among them, for deciding how actions

Should be implemented and for actually
implementing actions.

* Knowledge piays an important role in building Al

Systems. It is the . il
Intelligence. e aspect of Arificial
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Q7.(b) What is knowledge representation? What are

the different types of knowledge representation
scheme? Discuss significance of each.
MDU BCA RE 2015

Ans. Knowledge Representation

Knowledge representation is the method used to encode
knowledge in an iatelligent system’s knowledge base.
The object of knowledge representation is to express
knowledge in computer-tractable form, so that it can be
used to help intelligent system perform well.

Knowledge representation is a study of ways of how
knowledge is actually picturized and how effectively it
resembles the representation of knowledge in human
brain.

Knowledge representation plays an important role in Al
In order to solve a complex problem in artificial
intelligence, one needs both large amount of knowledge
and some mechanism for manipulating the knowledge to
create solution to new problems. A variety of ways to
represent knowledge have been exploited in artificial
intelligence programs.

Following are the desirable characteristics of a
knowledge representation scheme:

* This representation scheme should have a set of well
defined syntax and semantics. This will help in
representing various kinds of knowledge.

® The representation must be efficient i.e. it should
use only limited resources without compromising on
the expressive power.

* This representation scheme should have a good
expressive capacity. A good expressive capability will

S
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catalyze the inferemcing mechanism in i3 reasoning
process.

Typﬁdkmwbdgt@mm

In the ecarly days. knowledge W be rm:d was
divided into two classes, namely. declarative knowledge
representation schemes have been simply classified as:

|. Declarative representation schemes

2. Procedural representation schemes
Declarative representation scheme

Declarative representation scheme emphasizes the
representation of facts and includes guidance on how the
knowledge i1s to be used. lt declares every piece of
knowledge and permits the reasoning system to use the

rules of inference to come out with new pieces of
information.

Declarative knowledge representation can be understood
from the example:

Vx PERSON (x) > MORTAL (x)

¥x ANIMAL (x)> MORTAL (x)
PERSON (RAVT)

ANIMAL (BIRD)

that fepresents some simple facts that every person and
every animal is mortal and that RAVT is a person and bird
an ammal. Using modus pomens. the system can
:ll)l_:rlgmaucally conclude that Rayi is mortal and so is every

The typical means used for

repr gion are- declarative knowledge
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e Formal Logic

e Semantic Networks
e Frames

e Scripts

Significance of declarative knowledge representation
scheme

The significance of declarative knowledge representation
scheme are:

Transparency and unambiguity of represented
knowledge.

o Flexibility of knowledge storage.

Each piece of knowledge is an independent chunk
on its own. Hence modularity is higher.

» Storage efficiency.

o Direct inference

Procedural representation scheme

A procedural representation scheme represents
knowledge as procedures and the inferencing

mechanisms manipulate these procedures to arrive at the
result.

If a procedural knowledge representation is used for the
same purpose, separate procedures have to be written for
each person, animal etc., as well as for mortal:

procedure PERSON (x)
if (x = Ravi) then retumn true
else return false

procedure MORTAL (x)
if PERSON (x) then return trae



bkt § in know representation ip
Ll -\ u?mtacaazzmg
OR
Describe the role of various issues ip
knowledge representation with examples.
MDU BCA RE 2016
OR
Explain various issues in know
representation with examples. MDU BCA 2016

Ans.The key to probiem solving i1s a large amount of
knowledge and some mechanism for manipulating thar
knowledge. The basic goal of knowledge representation
15 10 help derive conclusions from the knowledge. When
manykmwlcdgcbascdlcchniqmsmuscdimoasinglc
problem many issues may arise. Some of the issues that
anse while using knowledge representation technique are
the following:
|. Important attributes
2. Relationships among attributes
3. Choosing Granularity
4. Set of objects

5. Finding Right Structure
1. Important attributes

T}wrcarctwoamibmesthmarcofvcrygcneml
significance. These are “instance” and “is a”. These

attributes are significant because they support property
inheritance.

2. Relationships among attributes

The attributes that are used to describe objects are entities
that we represeq:. They have certain properties

WADHWA's Selected Questns &

independent of the specific knowledge he
relationship between the attributes of ap
the following four properties:

yt encode. The
object may hold

(a) Inverses

(b) An ‘is a’ hierarchy of attribute

(c) Techniques for Reasoning about values
(d) Single Valued Attributes

(a) Inverses

Entities are related to each other in a number of different
ways. These relationships are described as attributes. This
may begin at the object being described and terminate at
the object representing the value of the specified attribute.
But the focus can be on the object representing the value.
Although different but there is still a relationship between
the two entities.

(b) An ‘is a’ hierarchy of attribute

It is generalization vs specialization. For example, the
height of a person is a specialization of general amibptc
physical size. These generalization-specialization
relationships are important for attributes because they
support inheritance.

(c) Techniques for Reasoning about values

Sometimes values attributes are specified explicitly when
a knowledge base is created. The reasoning system must
reason about values which have not been given cxphqﬂy.
Several kinds of information piay a role in this reasoning.
For example, the value of height must be a number
measured in a unit of length. Another example_, the age qf
a person can not be more than the age of either of his
parents etc.

i
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id) Single Valued Attributes

A specific but very useiul kind of asribute is onc that is
w take 2 umgue value For exampie,

President of India. Anothes cxampic s that 2 player can a¢

a time be a member of only onc ieam.

The knowledge representaiion sysicm takes several

different approaches 1o provide suppor for single-valued

3. Choosing Granularity

Granularity means what level shouid the Rnowiedge be
represented and what are the pnmitives.

- Should ther= be a small number or should there be 2
large number of low-level pnmitives or High-level
facts.

High level facts may not be adequate for inference
while Low-level primitive may require a lot of
storage.

Granularity of representation i1s an important aspect in
knowledge representation. It deals with depth of detail.
The Granularity decides the size of knowiledge base.
As more and more information is stored. the size of
knowledge base grows. The more detail will mean more
accurate information but it also increases the size of
knowledge base. If fewer details are stored the decisions
requiring more depth can not be generated.

. Set of objects

There are certain properties of objects that are true as 2
member of a set but not as individual. It is important 0
represent sets of objects if a property 1s true for all or
most clements of a set then it is more efficient 10
associate i* with the set rather than to associate it
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explicitly with every element of the set. This
in the following manner:

149

can be done

A logical representation throug

h the
universal quantifier and ool )

A hierarchical structure where nodes represent sets

and inheritance propagate set level assertion dywn
to individual.

5. Finding Right Structure

For describing a particular situation right structure is
selected. This requires selecting an initial structure and
then revising or reviewing the choice. For this, it is
important to know the following:-

A

How to make an initial selection of the most
appropriate structure?

How to fill in details from the current situations?
How to find a better structure in case the one chosen
initially is not appropriate?
Wharwdoifuaueoftheavailables(mcmnis
appropriate?

When to create a new structure?
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Q10.(d) Write and explain the vy

rious approaches to
knowledge representation

Ans.A knowledge base requires knowledge and that

knowledge 1s 1o be stored Systemically and represented in
proper form in knowledge base. Hence a technique of
knowledge representation is to be ado

: pted for properly
representing  the  knowledge. A good knowledge

representation system should allow fast and accurate
access 1o knowledge.

To orgamize and represent the knowledge there is no

single technique. A number of approaches for knowledge
representation are the following:

——

. Simple Relational Knowledge
2. Inheritable Knowledge

3. Inferential Knowledge

4. Procedural Knowledge
1. Simple Relational Knowledge

This approach represents declarative facts as a set of
relations of the same sort of data in the database system.
It is the simplest way. It uses tabular form to store facts.
The facts about a set of objects are put systematically in
columns. It 1s made up of objects consisting of attributes
and their corresponding values. Though such
representation provides weak inferential capabilities yet

may provide support for other powerful inferential
engines.

Consider the following example:
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Artificial Intelligence ...
— |

| R MRS Hmm Weight ﬁ
Plaver's name veght T
| Anshul ~ Kg |
: - T —————
F 1 M A7 Ke ;
| Ajay >4 $7 Ke |
L —
| Ravi 62" 67 Kg |
E | ”

i! i | 36 46 Kg |

From the given facts it s not possable to answer a simple
question “Who 1s the tallest player™. But if 2 procedure
for finding tallest player 1s provided. then these facts cap
COmMPULC an answer.

Inhenitable knowledge centers on relationships and shared
attributes between kinds or classes of objects. One of the
most useful inferencing is Propenty Inheritance in which
elements of specific classes inherit auributes and values
from more general classes (i.c. their parents). To suppor
property inheritance, objects are organized into classes
and classes are organized in a generalization hierarchy.
Inheritance is a powerful form of inference, but not
adequate. This knowledge representation in hierarchical

fashion is shown below and 15 called slot-and-filler
structare or semantic network or collection of frames.

Consider the semantic network for Base ball knowledge:

s T === Rizii )
SemanticNet T &
J I5d
Adult Viale Jcight —— )
* ! S
J f18a
_ I e
al o oty m——— :\t-' ' —¥ 6] |
equal 10 o 0| Haschall- Plaver b= T T
handed Fx ’Urhny 252
isa/ \isa R i
v
p batting-  ———— —— batting- —._
[ 106 | . i Pitcher | rlul:ic: ~._.__mm'_l_—“'__,, TEI.
———1 avegrage —‘—- “‘—1——- avearage - oo
finstance lmsmnn:c
| Chicago- team | Three-Finger-| ‘l’cc-\\ruc-- team Brooklyn |
{ Cubs | Brown | Reese | LBMLJI

In 2 semantic network
» Lines represent attributes.

* Boxed nodes represent objects and values of
atzributes of objects.

* The arrows on the lines point from an object to its

* Two attributes provide basis for property inheritance
as an inference technique ie. ‘isa’ - used to
represent class inclusion. ‘instance’ - used to
represent class membership.

This technique helps the knowiedge base to retrieve both.
(1) Facts that have been explicitly stored.

(1) Facts that can be derived from those that are
explicitly stored.
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3. Inferential Knowledge

ew information from the gi.vcn i-nI'()rmuli(m_
« information does not rcqulrc lurtl.u;r daty

. F’ewfrom source, but does require analysis of the

fiii?i?ormatiobn to generate new knowledge.

[t generales N

Given a set of relations and values, one may infer othe;
1V d ’ n fo
values or relations. In addition (o algebraic rf:latlons, a
predicate logic is used to infer from a set of attributes,

4. Procedural Knowledge

Procedural knowledge is, in general terms, the type of
knowledge someone has and demonstrates through the
procedure of doing something i.e. Coding actions to be
performed when a condition is satisfied.

Example:
IF

Student has deposited fees
Student has attended 90% classes

Student has passed the examination
THEN

Declare the student pass
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Q11.(b) Explain “is a” and “instance” relationships.

Ans. Two attributes “is 2" and “instance™ play an important
role In many aspects of knowledge representation. The
reason for this is that they support property inheritance.

Knowledge can be represented as classes, objects,
attnbutes and Super class and sub class relationships. In
property inheritance, elements of specific classes inherit
attnbutes and values from general classes in which they
are included. For example, if we know that birds can fly
and that canaries are birds, then We can infer that canaries

Attribute “is a” is used to represent the relationship
“Class inclusion™ (super class, sub class relationship)

For example: is a ( mega_star, rich)

Attribute “instance” is used to represent the relationship
“Class membership” (element of the class).

For example instance (prince, mega_star)
Example: Represent the following facts:
Shreekant was a man.

Shreekant is Hindu.

All Hindus are Indians.

Shivaji is ruler.

All Indians were loyal to Shivaji.
Representing these facts in predicate calculus:
I man (Shreekant)

2. Hindu ( Shreekant)

3 Vx:Hindu(x)—-»lndian(X)

SR S I S B

BOCIE S S U S P R . 1
e i = -
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Q113 Explain computable function in detail.
MDU BCA 2018
OR
What is computable function? How is it useful
and used? Explain with an example.
MDU BCA RE 2016

Ans. Computable functions are used to represent simple facts
like greater than or less than. For exampile,

gi(12, 3) (2, 12)
gt(5. 2) (3, 7)
greater than less than

It 1s uscfnl' to have computable functions as well as
computable predicates. This helps to evaluate the truth of
gt(7+3, 2).

To do this, the value of the plus function is computed
first giving the arguments 7 and 3 and then these
arguments 10 and 2 are sent 1o the gt function.

Consider the following set of facts:

|. Chaminda was a witch.
witch (Chaminda)

2. Chaminda was a Ravansenapati.
Ravansenapati (Chaminda)

3. Chaminda was born in 20 A.D.
born (Chaminda, 20)

4. All witches are mortal.

Wx : witch(x ) — mortal(x®




R ———

Q10.ic) How Propositional Logic and Predicate Logic
represent simple facts in logic? Explain.

Ans. Propositional Logic

Propositional Logic is a simple language that is useful for
showing key ideas and definitions. User defines a set of
Propositional symbols, like P and Q. User defines the
semantics of each of these symbols.

For example,

P means “It is hot”
Q means “It 1s humid”
, Rmeans “Itis raining”

The alphabet of propesitional logic contains the
following symbols:

|. The letters of the English alphabet: that is, A, B. C, !
|
|

R e A S S R—

..., Z and each of these letters with an index (e.g As).
2. The logical values True and False.

3. These special symbols:
- (NOT)

v (OR)
= (IF - THEN)
4

& (IF AND ONLY IF)
() (GROUPING)

The symbol — is called a unary connective anf! the
symbols A, v, = and <& are called binary
connectives.
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1. All leners, all indexed letters and the logical values
True and False are proposiboms. They are calied
AIOIMIC ProposIlIons.

2. If P and Q are propositions, then so are -P, PaQ,
PvQ. P=Q. P=Q and (P). They are called

compound propositions.

The compound proposition —P is called the negation of
P, P~ Q is called the conjunction of Pand Q, and P Q is
called the disjunction of Pand Q.

Example: Suppose the propositions P and Q stand for
these statement about the world:

P : It is raining outside.

Q : The street is wet.

Then the following compound propositions stand for
these statements about the world:

—P : It is not raining outside.

PAQ: It is raining outside and the street is wet.
PvQ: Itis raining outside or the street is wet.
P=Q: ltis raining outside, then the street is wet.

Pn Q : It s raining outside if and only if the street
is wet.

Predicate Logic or First Order Predicate Logic

Predicate logic or first order predicate logic (FOPL) is
onc of the oldest and most important knowledge
representation schemes used in Artificial Intelligence.

Its components are:

o Predicate symbols: These are ysed t
relation in a domain.
sentence like “Suman writes books”,
symbol Write is used. The simple formula will be:

Write(Suman, Books)

e O represent a
or example, to represent a

the predicate

o Constant symbols: A constant symbol is used to

represent objects or entities in a domain. These
objects or entities may be physical objects, people,
concepts or anything that is to be named. For
example, in the above formula Suman and Books are
constant symbols.

e Variable symbols: Variable symbols like x and y are

also terms. They allow the users to be indefinite about
which entity is to be referred to. For example, Write
(x,y)

+ Function symbols: They denote functions in the

domain of discourse. For example, Ravi’s mother is
married to Ravi's father, the atomic formula would
be: MARRIED[mother (Ravi), father (Ravi)] where
mother and father are function symbols.

Quantifiers ’
A quantifier is a symbol that permits one to declare or

identify the range or scope of the variable in a logical
expression.

There are two basic quantifiers used in logic. They are
Universal quantifier (7 ) and Existential quantifier (3).

* Universal quantifiers: It means something is true for
all possible values of a variable. Using this, the
sentence “All parrots are green” can be expressed as:

¥ x [ parrot( x ) = colour(x, green)]



o Existential quantifier: It mecans the formy,
consisting of an existential quantifier has a value try,

for at least one assignment of x to an entity in (he
domain. For example, “There is a person who driyeg

the car” could be represented as:
3 x drives(x,car)

Representation of Simple Facts in Logic

Consider the following statement:

P: All employees earning greater than Rs. 25,000 per
month pay tax.

Q: Some employees are on leave today.

R: NO employee earns more than the director.

To represent these statements in predicate logic,
abbreviations for the predicates and functions have to be

defined.
Example:

EMP(x) for x is an employee

DIR(x) for x is director

Inc(x) for income of x

GE(u, v) for u is greater than v

ON_LEAVE(x) for x is on leave today %
TAX(x) for x pays tax

Using these abbreviations P,Qand R are:

P: Vx ((EMP(x) AGE(inc(x),25000)) —TAX(x)

Q: 3x ((EMP(x) —ON _LEAVE(x))

R: Vxy (EMP(x) DIR(y)) ——GE(inc (x),inc(y))
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2 ia) What is Natural Language Processing?

\ , |
MDU BCA RE 2018
OR
Explain NLP(Natural Language Processing) in
detail. MDU BCA 2018
OR

What are various processing schemes in NLP?
MDU BCA RE 2017, 2017

OR

What is NLP? Discuss various Natural

Language Processing techniques.
MDU BCA RE 2015, 2015

Ans. Natural Language Processing (NLP)

Natural language processing is a field of artificial
intelligence and linguistics. It focuses on developing
systems that allow computers to communicate with
people using everyday language.

OR

Natural language processing (NLP) can be defined as
the automatic (or semi-automatic) processing of human
language.

OR

Natural language processing is the engineering of
systems that processes or analyzes written or spoken

natural language.

Natural language processing is a significar® area of Al
because a computer would be considered in iligent if it
Can understand the commands given in natural language.

The main task of natural language processing is to deal
with the interactions between computers and human
languages. This in itself is an entire separate area of
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compuler  sCIENCE, which is called buman-computer
inleraction.

The main problems that face peopie working on natura
language processing are summed up in the task of natural
language understanding, Which_ means  enabling
computers to understand in a cenam way what human
language input is meant to convey.

The most recent natural language processing ideas
involve machine leaming, and more specifically
statistical machine leaming. Machine leaming is also a
branch of amificial intelligence and 1t concems the

construction and study of systems that can leam from
data.

Some of the most common topics of research in natural
language processing include: machine translation. which
involves translating the input text from one human
language to another. This is one of the hardest problems

and requires a very wide range of knowledge types in
order for it to be solved.

There is also automatic summarization, which involves
praducing a readable summary of a passage or a text
This is an often used application of natural lang:age
processing. There is discourse analysis, and it includes a
lot of tasks such as identifying the discourse structure of
text, and recognizing and classifying speech acts in a
chunk of text. Other commonly known applications arc:
conference resolution, name entity recognition, natural
language generation, natural language understanding,

oplical.c_hamctcr recognition, question answering, speech
recognition and sentiment analvsis.

This is just a small portion of what natural language
processing involves. And. the span of what natural
language processing can become in the future is very
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wide. One of the most difficult problems still facing
professionals in th(; F’:eld 1s human-level natural language
processing which if solved is equivalent 10 solving the
central artificial intelligence problem that is making
computers as intelligent as people.

The future of natural language processing is therefore tied
closely to the development of artificial intelligence. As
natural language understanding improves, future
computers will have the ability to obtain data and learn
online and apply that in the real world. Combined with
natural language generation, computers will soon be more
capable taking in and giving out instructions.

Goal of NLP

The goal of NLP is to accomplish humap-likc Iangu_.lagc
processing i.e. the goal of NLP is to design and build a
computer system that will analyze, understand, and
generate natural human-languages.

A complete NLP system would be able to:

« Translate of one human-language text (o another.

 Generate human-language text such as fiction,
manuals, and general descriptions.

» Interface to other systems such as databases amf
robotic systems thus enabling the use of human
language type commands and quertes.

* Answer questions about the contents of the text.
* Understand human-language text to provide @
summary or to draw conclusions.

bor N jated to
There more practical oals for NLP, many €
the - application éﬂ. which it is being utilized.

o
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w
Natural Language Processing techmiques

Following are the vanous wechnaques for naiural language

processing are
1. Pantern Matching

2. Syntactically-dnven Parsing
3. Semantic Grammars
4. Case frame mnstantiation

5. Robust Parsing

. Pattern Matching

This technique involves interpreting input utterances as a
whole, rather than building up their interpretation by
combining the structure and meaning of words or other
lower-level constituents. The approach is thus wholistic
rather than constructive. With this approach, the
interpretations are obtained by matching patterns of
words against the input utterance. Associated with each
pattlern is an interpretation, so that the derived

mterpretation is the one attached to the pattern that
matched.

Syntactically-driven Parsing

This technique deals with the ways that words can fit
together to form higher level units such as phrases,
f:iauscs and sentences. Syntactically driven parsing means
interpretation of larger groups of words are built up out of

__ the interpretation of their syntactic constituent words or

phrases. In @ way this is the opposite of pattern matching
as here the interpretation of the mnput is done as a whole.

Semantic Grammars

Natural language anal

T ysis based on semantic grammar 15
similar to syntacti

cally driven parsing except that in
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semantic grammar the categories yseq are  defined
semantically and syntactically. Thus, here semantic

grammar is also ilnvnlvcd. However, this technique only
works properly in restricted domains. Thus, it is a
technique useful only for applied natural language
processing, not for general NLP.

Case frame instantiation

Case frame instantiation is one of the major parsing
techniques under active research today. It has some very
useful computational properties such as its recursive
nature and its ability to combine bottom-up recognition of
key constituents with top-down instantiation of less
structured constituents.

Robust Parsing

Any natural language interface which is used in a
practical application with a multitude of users must be
able to handle input that is outside its grammar or
expectations in various ways. Methods of robust parsing
are under active investigation at the moment with the
chief outstanding problem being the coordination_of
muitiple, independent, construction-specific  parsing
strategies on the same input.
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Q1342 Explain syntactic processing in detail.
MDU BCA RE 2018, 2018
OR
Define syntactic processing. How is it used and
useful? Explain with examples.
MDU BCA RE 2016

OR

How is syntactic processing done? Explain the
two basic top-down and bottom-up parsing
techniques used for syntactic processing.

Ans. Syntax provides rules to put together words to form
components of sentence and to put together these
components to form sentences. Parsing is a method to
perform syntactic analysis of a sentence.

To perform the syntactic processing. the knowledge of
grammar and parsing technique is required. The grammar
is formal specification of rules allowable in the language
and parsing is a method of analyzing a sentence to
determine its structure according to grammar.

Syntactic processing is done using parsing. The parser
generates basic syntactic structure of the sentence. This
stage uses grammatical information to perform some
structural preprocessing on the input. It performs the m§k
of applying grammar rules and computes syntaclic
representation of the meaning. This preprocessing stage
is called parsing.

The parsing performs grouping and labeling pf parts
of a sentence in a way that displays their relatlons.hx.ps
to each other in a useful way. It checks the vahdity
of a sentence. Hence a sentence, if grammatically
correct and semantically incorrect will be considered as

correct after first phase.
The basic parsing technique is shown below:
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- This consists of a noun phrase ‘Ram’ ‘and a verb phrase
t ] — { 7 . . .
i"‘""—'—__-—-—- ST - Output ‘ ‘ate an a’pple - The noun phrdsc 15 just a proper noun,
H Natural L% pr— » representation while the verb phrase consists of a verb “ate’ and another
!i " ‘:ﬁ::lg:-ﬁ T structure ‘ poun phrase "an apple’. This noun phrase consists of 4
| e a~ determiner ‘an’ and a noun ‘apple’. The complete top-
L__L__-_ - down parse and parsing tree for this is given below:
LA
e | s — NP VP (Replace S by its linguistic
By P PETEI. e | constituents NPVP)
p;”:‘_m' guage sentence as 'mpu_l and generates o | — Name VP (Replace NP by Name)
output structure suitable for analysis. The lexicon is ; ' —» Ram VP (Replace constituent category
dictionary of words, where each word contains some | name by terminal value)
syntactic, some semantic and possibly some pragmar | — Ram Verb NP (Replace VP by constituent
information. | category)
Two basic parsing techniques are: top-down parsing and |
bottom-up parsing. value)
Top-down parsing

— Ram ate ART noun (Replace NP by category)

— Ram ate announ (Replace ART by terminal
value)

— Ram ate an apple (Replace noun by terminal
value)

A simple parsing algorithm used is the top-down parsing
algorithm. In top-down parsing, crammar rules are |
applied to a starting symbol (i.e. sentence) until it |
generates terminal symbols, and the terminal symbols are
found in the object sentence. Since all non-terminal
symbols are functional blocks, anv non-terminal symbo!
may be viewed as a starting symbol. When all of the
terminal symbols are found, and no unknown terminal |

symbols remain in the sentence, then the top-down |
parsing succeeds.

Thus, in top-down parsing, words of sentence ar¢
replaced by their categories like noun phrase (NP), verd |
phrase (VP) etc. These symbols like (NP, VP) % l

rewritten as per grammar rujes. Finally, terminal symbol e
are replaced by language words. ‘ neyg

' —» Ram ate NP (Replace verb by terminal
|
*
|

P
AN

To illustrate the cone

- ept. comsider the following example' | w .
Ram ate an apple”
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Ww
The incorrect sentences will be excluded by the grammar
. For example, Apple Ram ate’ starts with two nuunx'
Botiom-up parsing which is not allowed in the grammar. However, some

s morz pemerdl tham  top-down
;ﬂﬁ‘:‘ﬁ m"@ parsing we s with the sentence
T o o s = . i o
0 fisish op with the stast symbol of O ERCY. This
comsponds o sarieg ai e fcavs of e parse <. and
werong back 1o o foo. The boom % s fo
sentence “Ram ate an appic™ would be 25 follows:

— Ram ate an apple.

— Name ate an appic. (replace Ram)
— Namc verbanapple.  (replace ate)

— Nameverbanapple.  (replace an)

— NP verb an appie. (replace Name)

— NP verb NP (replace Noun phrase)
— NP VP (replace verh NP)

— S (replace NP VP)

The parse tree of the above sentence is shown below:

SIS Y

RAM ate an apple

| B gt
NAME VERB ART NO!UN

\

\

‘\\ \\ VP\/!\IIP
et

\
A

S

odd sentences will be _allowcd, such as ‘an apple ate

', This sentence is syntactically acceptable, just
semantically odd, so should still be parsed. Note that
sentences, which are syntactically sound but make no
sense, are acceptable by the parser. Thus, the next stage
(semantic processing) would be needed to filter out these
nonscﬂﬁlca-l parses.
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. tic processing.
aman Expla;g(rjaﬁlgi RE 2018, 2018, RE 2016, 2016

Ans. Pragmatic Processing

essing is the last stage of Naturq]

: ; C
Pragmatic Pro It refers to the contextuql

Language Processing.
interpretation.

The pragmatic component explains hovsf utterances relat.e
to the :vorld. In this process, meaning of words i
elaborated based on the contextual and wgrld knowledge
and a final meaning representation is obtained.

This is high-level knowledge which relates the use of
sentences in different contexts and how the context
affects the meaning of the sentence.

To understand the concept, consider the following

sentences which might appear at the start of an Al
textbook: : '

« This book is about artificial intelligence.
* The green frogs sleep soundly.

* Colorless green ideas sleep furiously.
 Furiously sleep ideas green colorless.

The first sentence would be quite appropriate at the start
of such. a book: it is Syntactically, semantically, and
pragmatically well formed.

The second sentence is Y
well formed, but it would 2

of an Al book: it is thus
for that context.

ntactically and semantically
Ppear very strange at the start
Not pragmatically well formed

The third sentence is sy

| yntactically well formed, but it ©
S€mantically non-sensical

The fourth sentence is s
make any senge
Pragmatically.

yntacucally ill formed: it does M

- Symactically, semantically.
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Q13.(b) What is Semantic Processing? What are the

182

to semantic analysis? Explain,
Also differentiate between Syntactic, Semantic

v
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sentence can be composed from the meanin
This idea is not very effective because according to this

inciple, to find out the meaning of a sentence. the basic
word meaning will play prime role but it does not include

g of its parts,

and Pragmatic processing. the ordering of words and relations between them in the
Ans. Semantic Processing sentence.
Semantics is the study of the meaning of words and I 2 Lexical semantic approach

semantic analysis is the analysis used to
meaning from utterances. -

Semantic processing determines the possible meanings of
a sentence by focusing on the interactions among word-
level meanings in the sentence. The structures created by
the syntactic analyzer are assigned meaning. Thus, a
mapping is made between the syntactic structures and the
objects in the task domain. The structures for which no
such mapping is possible are rejected.

For example: the sentence “There are colourless red
ideas” would be rejected because colourless and red make
no sense although the sentence is correct.

This approach makes the use of semantic grammar. Using
this approach, input sentences are transformed through
the domain dependent semantic rules.

Thus, it uses conceptual dependency theory. Conceptual
dependency structures provide a form of linked
knowledge that can be used in larger structures.

. Compositional semantic approach

In compositional semantic approach, the meaning of an
expression is derived from the meaning of the parts of
that expression. Here the target knowledge structures
constructed are typically logical expressions like the
formulas of FOPL.

Approaches to semantic analysis '
Following are the differences between Syntactic,
Semantic and Pragmatic processing

Following are the approaches to semantic analysis:

I. Syntax driven semantic analysis approach
2. Lexical semantic approach

=g r— =Ty

3. Compositional semantic approach

1. Syntax driven semantic approach

This is the elementary approach of semantic analysis
though its scope is limited. This approach assigns
meaning representation to input, based on the knowledge
from the lexicon (dictionary) and the grammar. The basic
idea behind this approach is that the meaning of 2
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Q14.a) What is Learning? Why is learning considered
as important area in AI? Explain.

Ans. Learning

Learning is defined as the process that acquires
knowledge to the system.

A definition by Simon (1983) is one of the best:

“Learning denotes changes in the system that are
adaptive in the sense that they enable the system to do
the same task (or tasks drawn from a population of
similar tasks) more effectively the next time.”

One can easily extend this definition easily to the Al
systems:

“Machine learning denotes automated changes in an Al
system that are adaptive in the sense that they enable
the system to do the same task (or tasks drawn from a
population of similar tasks) more effectively the next
time.”

Learning provides power to handle new problems on the
basis of similar problems tackled some other time.

Learning is acquiring new knowledge, behaviours, skills,
values, preferences or understanding, and may involve

synthesizing different types of information.

Learning is considered as an important area in AL
Machines can not be called intelligent until they are able
to learn to do new things and to adapt to new situations,
rather than simply doing as they are told to do‘. This
requires knowledge acquisition, inference, updating of
knowledge base, applying faster searches etc. Knowledge

acquisition refers to the situation in which computer

executes one program and remembers the process for
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future use. Learning is important for practicg]
applications of Artificial Intelligence.

The general model of learning is shown below:

I t Operati : Out
2 [nput | Operation - @ o | Resylt 1L Output
i | program | :
i i Use acquired Store the
‘: { . Acquired
; - knowledge for result for —»
| i : S knowledge
; future mput future use
; programs
-

Here the.input program is any general program executed
for solution of 2 problem. The results are reported as
output, but results are also stored back to acquire

use. It means, in case similar

In brief one can say that “Learning is gn area of Al that
Jocuses on procfxses of self-i rovement”. Information

{’ performance of enlarge
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Q14.b) What is Rote Learning? What are its features,
advantages and disadvantages? Also write the
challenges / issues in the design of rote
jearning systems.

Ans. Rote Learning

The simple memorizing of individual items like
solutions to problems, words of vocabulary etc. is known
as rote learning.

The major practic-e_ involved in rote learning techniques is
learning by repetition, based on the idea that one will be

able to quickly recall the meaning of the material the
more it is repeated.

Rote learning is the basic leamning activity. It is also
called memorization. Rote leaming is relatively easy to
implement on a computer.

Rote learning consists of memorizing the solutions of
the solved problems so that the system needs not to solve
them again:

(YL....Yp) m e Xn), (YL, ... YD)

.?-tpt-h:- Associated pair

During subsequent computations of f(Xi, ..., Xn), the
performance element can simply retrieve(Y;, ...,Yp)
from memory rather than recomputing it.

This concept says that knowledge can be saved so it can
be used again. But once knowledge 1s stored, how can it
be retrieved. There are varieties of ways of retrieval.

A simple example of rote learning is caching.
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Caching is the process which stores computed
values or in other words it stores large amount of
daza.

This information is recalled when required by
compuiation.

Significant time savings can be achieved.

Many Al programs have used caching very
effectively.

One good example of this is Samuel’s checkers program.
This program employed two kinds of leaming: rote
learning and parameter adjustment. It was designed to
store the chess moves plaved by its creator and thus used
to learn the game. It leamed to play checkers to such a
good extent that ultimately it was able to beat its own
creator. Main features of Samuel’s checkers program are:

Samuel’s program used the minimax search
procedure to explore the game tree.

Time constraints do not permit complete searches
Le. only few levels in the tree are permitted to be
searched.

It records board positions and scores at search ends.

Now if the same board position arises later in the
game the stored value can be recalled and the end
effect is that deeper search has occurred.

Features of Rote learning

Rote learning has the following features:

The knowledge, without any modification is simply
copied into the knowledge base. So, saved knowledg®
can be used again.
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This technique can save significant amount of time
as computed values are stored in this learning,
Therefore, no repeated computations, inference or
query is necessary.

Advantages of Rote learning

! Rote learning has the following advantages:

It enables machine to store organized information.

Saved knowledge can be used again.

It is faster to reuse information stored than to collect
it again.

One can get generalized information stored in the
database using rote learning.

No repeated computations, inference or query is
necessary. Thus, it saves a lot of time.

Disadvantages of Rote learning
Rote learning has the following disadvantages:
| * The information and data stored would become very

large, complex and hence unmanageable.
It is not the best method as it is ele:mema%!:i{:tz
and hence can not be used in SOp

| Challenges / issues in the design of rote learning
S¥stems

! Rote leamning is basically a simple
does illustrate some issues that

process. However it

are relevant (o MO

compiex learning issues. These arc

»r -

R —
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S - DHAS Sl
o Simple storing of computed information (Everything

LG L ‘ is mefuoriz!d ) e.g. computer simply stores a piece of
The number of potentially stored obgects <an be ver, data in knowledge base.
large. Therefore, there 15 meed @ mm: Ome e Many computer programs e.g. database systems can
information to make the problem manageabie. be said to learn. The act of storage allows the

_ Envi program to perform better in future.

% B ol'thc _ o, , 1 e There may be situations where computation is more
Stability of the environment mcans e m‘m"" Stored | expensive than recalling the previously done job.
at one time should still be valid later. If .llt'm\ll'o_tmtm ’ Thus remembering the previous would certainly
rapidly changes then rote lecaming is not very effective. ' help perform better. This form of learning is called
The exact change in the environment is 1o be detected and | rote learning.
handled properly.

3. Store-versus-compute trade-off

The cost of storing and retrieving the memorized |
information should be smaller than the cost of |
recomputing it.

4. Memory organization

For the faster access of the stored data it would be better
to recompute it but there must be a way to access the ‘
appropriate  stored value quickly. Methods such as

hashing. indexing and sorting can be employed to enable
this.

Thus, rote leamning requires useful organization of the

memory so that the retrieval of the desired information
will be very fast. ?

Conclusion
Rote le:mu'ng: '

* Method of study is based on learning facts etc by
heart without considering their meaning.

*  Most trivial form of learning,
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Q15.a) Explain learning by takimg advice with

OR
What is Learning by taking advice in AI?
What are the approaches to advice taking?
Explain.

Ans. Learning by taking advice

It involves receiving direct instructions on how to
respond to certain siuations. In a machine. this amounts
to straight-forward procedural programmung. In situations
where the instructions do not comrespond to direct
procedures ( For exampile, “Take control of the centre of
the board” in Chess), an interpreter is required to translate
the instructions 10 CONCrele SXSCULION SIEpPs.

Thus, this kind of learning takes place when a computer
runs a particular program by taking advice from its
programmer (or creator ofmm)_

A computer can do very little without a program for it to
run. When a programmer writes a series of instructions
into a computer, a rudimentary kind of learning is taking
place: The programmer is a sort of teache:':. and the
computer is a sort of student. After being programmed,
the computer is now able to do something it previously

could not. Executing the program may not be such a
simple matter.

S“PIJO&! the program

level language like LISP.

must intervene to chan
code

IS written in a high-
Some interpreter or compiler
change the teacher's instructions into
that the machine can cxecute directly.

';hc idea of advice taking in Al based learning was

Oposed as early as 195§ However, very few attempts
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were made in creating such systems unti] the late 1970s
Learning in the case of problems like expert systems can
be done basically by advice taking. Expert systems are
thus providing a major encouragement in this area

In some instances, it 1s almost as difficult to give advice
to a computer program as it is to human being. The major
problem with the computer taking advice is its ability of
understanding or interpretation. It is usually desirable to
input the advice information in the form of the human’s
natural language — the normal language, such as English,
that the human speaks and understands. However, for a
computer, human natural language understanding is
extremely difficult.

Approaches to advice taking

There are two basic approaches to advice taking:

. Rules that can guide performance elements of the system

are constructed by taking high level, abstract advice. All
aspects of advice taking are automated by:

(a) Request

This can be simple question asking about gem_:ral advice
or more complicated by identifying shortcomings in the
knowledge base and asking for a remedy.

(b) Operationalise

Translated advice may still not be usable so this stage
seeks to provide a representation that can be used by the
performance element.

(c) Interpret

Translate the advice into an internal representation.
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Explain learning in problem solving.

QlS.tb) .
MDU BCA RE 2018

OR

Explain role of learning in problem solving
with examples. MDU BCA RE 2016

OR

Explain Learning in Problem Solving with
examples. MDU BCA 2016

Ans. A problem can be solved by experience. Efficiency of
solving a similar process increases by experience. This
does not usually involve gathering new knowledge but
may involve reorganization of data or remembering how
to achieve to solution.

Thus, learning in problem solving involves:

o Learning ways of problem solving from own
experience — without an instructor/advisor.

s Does not involve an increase in knowledge, just the
methods in using the knowledge.

s Learnt rules that may prove good in directing the
problem solving process, but it incurs a cost (utility)
because the problem solver needs to store and
consult those rules.

Types of Learning in Problem Solving

There are three basic methods in which a system can
learn from its own experience:

I. Learning by Parameter Adjustment

2. Learning by Macro Operators

3. Learning by Chunking
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Jperator. The preconditions are the initial
f the problem just solved and its post

conditions correspond to the goal just achieved.

roblem solver efficiently uses the knowledge

o The prov. )
ned from its previous experiences.

base it gat
neralizing macro-operators the problem solver

can even solve different problems.

_ Learning by Chunking

a sequence of actions are

Chunking is @ process where
put together and treated as 2 whole to perform a particular

task.
Chunking
Generally, it is used by proble
use of production systems.

A production system consists of a set of rules that are in
If — THEN form. SOAR is a system that uses production
rules to represent its knowledge. It also employs

chunking to leamm from experience. SOAR solves
These productions are

problems. It fires productions.
stored in long term memory. When SOAR detects a
useful sequence of firing, it creates chunks. Chunks may
be generalized before storing.

is similar to learning with macro-operators.
m solver systems that make
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(16.(a) Explain learning from example — Induction,
Ans. Induction Learning

Inductive learning means, generalization of “-M‘vhdge
gathered from real world examples and use of the sam,
for solving other similar problems. In simple word;
learning by induction or inductive learning is a methoq
which generalizes the rules of past.

Inductive leamning involves the process of leamning by
example, where a sysiem tnes 1o induce 2 general ruig
from a set of observed instances ic. Induction involves
drawing general conclusions from specific observations.
}_cammg from example and learming by discovery are
mstances of inductive leaming. Most of the knowicdgc
thmthchumanhuacquimdabomitscn\imnmcmis
through the process of induction.

For example, observing the specific facts that Sun rises in

the east on day 1, day 2, ... we infer a general statement,
namely, Sun always rises in the east.

Inductive learning methods
descriptions or knowled
. ge from the

The lcaming
learning, does
definitions is

can be defined as those
produce  general
specific knowledge

process which belongs to supervised
cl_ass:ﬁc_anon and constructs class
called induction or concept learning.

The technigue
ques used for constructj .
ne : cti
concept learning are- ng class definitions or

l. Winston's Learning P

2. Version Spaces
3. Decision Trees
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1 winston’s Learning Program

It is a structural concept of learning program. This
program was operated in a simple block world domain,
Its goal was to construct representations of the definitions
of concepts in the block domain.

Example: Concepts such as “house”.

Start with input, a line drawing of a blocks world
structure. It learned concepts House, Tent, Arch as:

Brick (rectangular block) with a wedge (triangular block)
suitably placed on top of it, tent — as 2 wedges touching
side by side, or an arch — as 2 non-touching bricks
supporting a third wedge or brick.

The program for each concept is learned through near
miss. A near miss is an object that is not an instance of
the concept but a very similar to such instances.

The program uses procedures to analyze the drawing and
construct a semantic net representation.

An example of such a structure for the house is shown
below:

~ Object-house
h' e {1

B WE

o
L'“"‘“"?E‘E
fiiss]

.
e I )
SN . Sy, B

ode A represents entire structure, which is composed of
™Wo parts: Node B, 2 Wedge and node C, a Rrick.

Links in network inciude: supported-by. has-part and isa.



ﬁ

A

riificial intelligence Lo
| Select one known instance of the concept. Call this

the concept defiminon

2. Examine definition of other kmown instance of the
concept. Generalize the definition t0 include them.

-

Examine description of mear muisses. Restrict the
definition to exclude these.
Both sieps 2 and 2 rely on compansen and both

similanties and differences need 10|
2. Version Spaces

A version space is a representanon that is
relevant informaton from a set of learming

leaming exampi
a hierarchical representation of knowledge

ACAEC

track of all the useful information supplied by a sequence

of leamning examples without remembering any
exampies ‘

3. Decision Trees

:\nqlhcr approach to concept learning is the induction of
decision tree as exemplified by the Quinlan in his
[D3system introduced the idea of decision trees.

;D~ 'S a program that can build trees automatically from
given positive and negative instances. Basically each leaf
uf_ a (jEtC:.s‘l(J'l'\ tree asserts a positive or negative concept
To classify a particular Imput one starts at the top and
tollows assertions down unti answer is reached |

The classification tree

A built using D3 — W
below. It telis if 2 ID3 algorithm is show

the weather was amenable to play?

WA
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| Outiook |
i /"-/ 2 N\ ; \
-‘ sunny  cloudy rainy 1I
- S g
1 Humidity|  Yes Play  [Wind |
| f Py |
High  Normal Strong  Weak i
|: ./ “a » 4 ‘,
| No Play Yes Play  No Play Yes Play |
' _

Decision trees are useful when the concept space is very
large, decision tree learning algorithm runs more quickly
than version spaces. On the other side, large, complex
decision trees can be difficult for human to understand
and so a decision tree system may find it hard to explain
its classification.

: N K
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Q16.(c) What is learning? Discuss different types of

s Seiecte Ouestin & Answers
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Learning Pf_‘w_id“"‘ P”Vl“_':l:f to handle new problems on the
. i 9 pasis of s:mliar_ .pro ems tackled some other tlime.
learning with tmﬂ;{l}l' BCA RE 2017, 2017 Learning is acquiring new knowledge, behaviours, skills,

values, preferences or understanding, and may involve
OR synthesizing different types of information.
Explain various learning

MDU BCA 2015 Learning is considered as an important area in Al

Machines cannot be called intelligent until they are able

Ans. Learning to learn to do new things and to adapt to new situations,

Learning is defined as the process that acquires rather than simply doing' as lhe)f are told to do_. This

knowledge to the system. requires knowledge acquisition, inference, updating of

! knowledge base, applying faster fsearL:hes ete. Knowledge

: : : acquisition refers to the situation in which computer

siudying ud by cxponoace. Loamaing Jeowioes ms the executes one program and remembers the process for

U - abiljt}'ulio i T{“ s:m;::ms B} future use. Learning is important for practical
enables to act in an inte ! way. numan beings are g g, : :

intelligent as they possess kiznwh@dgc of world. Similariy, applications of Artificial Intelligence

making a machine intelligent means it should have the 5

powcrgof learning. So. machine leamning is a challenge Types of learning

now. An intelligent machine should be able to leamn new There are five main methods of learning. These are:
things and to adapt to new situation rather than simply

doing steps as they are made to do so. o, S e . :
2. Learning by taking advice
A definition by Simon (1983) is one of the best:

3. Leamning by induction
“Learning denotes changes in the system that are 4. Leamning in Problem Solving
adaptive in the sense that they enable the system to do 5. Explanation Based Learning
the same task (or tasks drawn from a population of

similar tasks) more effectively the next time.” 1. Rote Learning

. i - dividual items like
One can easily extend this definition easily to the Al The simple memorizing of indi lary etc. is known
e solutions to problems, words of vocabulary €tc. is

Leaming is done by viewing, listening. interactions,

“Machine learning denotes automated changes in an Al
System that are adaptive in the sense that they enable

as rote learning.

: ——
The major practice involved in rote i;armng Mh:l?ulilr; l;e
learning by repetition, based on the idea that o:tcrial e
able to quickly recall the meaning of the m

more it is repeated.



Rote lcammng & e bawc kammg 0wy, If i gl
called memonzanon. Roie leamg « iatively cagy o
implement On 2 Compuikes

Roie learning comsists of mesmoriong the m{unmu.,f
the sofved problems so that the system needs not to sgiy,

them apauin:

—
i ] i
i { : , Sowre . L ue :
X1 _.Xu VL W) —— N L XA (YL Yp) |
Iapu: T L Ut  Giin Swstoavard T
palteiR wl Cem ey

During subsequent computations of fiX, ceesX o), the
performance element can simply retrieve(Y, ..
mmwmmm

This concept says that knowiedge can be saved so it can
be used again. But once knowledge s stored. how can it
be retrieved. There are varieties of ways of retneval.

A simple exampie of rote leamning is caching.

* Caching is the process which stores computed
mlucsorinatkervordsirmhrgemof
data.

* This information is recalled when required by
computation.
* Significant time savings can be achieved.

* Many Al programs have used caching very
effectively.
Features of Rote learning:

Rote learning has the following features:-

* The knowledge, without any modification is simply

copied into the knowledge base. So, saved knowledge
cun be used agai~
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o This technique can save significant amoyuny of time
as computed values are stored in this Iraming.
Therefore, no repeated compulations, inference ur'
query Is necessary.

Advantages of Rote learning

Rote learning has the following advantages:

o It enables machine to store organized information.

o Saved knowledge can be used again.

o It is faster to reuse information stored than to collect
it again.

e One can get generalized information stored in the
database using rote learning.

e No repeated computations, inference or query is

necessary. Thus, it saves a lot of time.

Disadvantages of Rote learning:
Rote !caminé has the following disadvantages:-

s The information and data stored would become very
large, complex and hence unmanageable.

o It is not the best method as it is elementary Q:'n_ form
and hence can not be used in sophisticated

appilications.
2. Learning by taking advice
It iuvolves receiving direct instructions oOn ;;ounm
respond to certain situations. In a macfupc, this : o
to straight-forward procedural proF~mming. In :;m?jir' -
where the instructions do not comespond

. | of the centre of
procedures ( For example, “Take conﬂ‘omnmd to transiate

the board™ in Chess). an interpreter -
the instructions O concrete Xecuiion. -y

w 0

IR
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,.n:-pﬁ-hrm- by taking advice 40U

programmer (or creator of that program) From o

1. Learning by Induction

Inductive learning means, generalization of knoy
Mﬁuﬂwﬂmmmof&ﬁ
jwsdﬁngutrrrindcr_pmbkm_ . In_tinpkw
mgbyinﬁcduorudumakmnmgiggw
which generalizes the rules of past.

Inductive leaming involves the process of learning
example, where a system tnes to induce a general ny.
from a set of observed instances i.e. Induction Involve
drawing general conclusions from specific observatios;
Learming from exampie and leaming by discovery
mstances of inductive learning. Most of the knowieds:
that the human has acquired about its environmen: «
through the process of induction.

For example, observing the specific facts that Sun rises =

the east on day 1, dav 2. ... we infer a general statemest
namely, Sun always rises in the east.

Inductive learning methods can be defined as thest
methods  that  systematically produce  geners

descriptions or knowledge from the specific knowleds!
provided by domain examples.

The learning process which belongs to supervis |

learning, does

s lassification and constructs ¢
definitions is called

induction or concept learning.
4. Learning in Problem Solving
A problem can he

solving a simijar process
does not usually involye

soived by experience. Efficiency T
increases by experience L '
gathering new knowledg® |

JADHW A’s Selected Questio & Answers
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may involve reorganization of data or remembering how
to achieve to solution.

Thus, learning in problem solving involves:

e Learning ways of problem solving from own
experience = without an instructor/advisor.

e Does not involve an increase in knowledge, just the
methods in using the knowledge.

in directing the
arnt rules that may prove.g?od in K
y L:oblem solving process, but it incurs a cost (utility)
iccause the problem solver needs to store and
consult those rules.

There are three basic methods in which a system can
learn from its own experience:

o Learning by Parameter Adjustment

e Learning by Macro Operators

e Learning by Chunking

5. Explanation Based Learning

An Explanation Based Learning (EBL) system m:vpht:x alr:
example (i.e. a training example) and explains e
learns from the example. The EBL system takes or!};] e
relevant aspects of the training.. This mq::laumnol .
Umslatedimopa:ﬁcuhrfonnmataprqblmso?:;ﬁ
program can understand. The explanation 1S generali
so that it can be used to solve other problems.

: techniques  are
Explanation-Based Leaming {;f;{)dd of knowledge

le
=it : f a concepl. Oﬂly a sing
providing several Instances ocmccp( to be leamed.
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Q17.4a) What is an Expert System (ES)? What are the

yADHWA's Selected Questions & Answers  5¢

o - dMM?
e P DU BCA RE 2018, 2018, 2015

Ans. Expert System

Ews_ymmmmﬂpmrmmmmdeﬁnd
from a branch of computer science research Faﬂcd
Artificial Intelligence (Al). Expert System & an
wmsym&mkwﬂfﬂmm
thinking and making considerations during the process
of decision-making.

Al programs that achieve expert-level competence in
solving problems in task areas by bnnging to bear a body
of knowledge about specific tasks are called Expen
Systems.

An expert sys'zm refers to a computer system which
exhibits the human expert’s intelligence. An expert
system handles real-world problems requinng the

expert’s involvement, uses a computer model of expert
knowledge and expert reasoning.

Prof. Edward from Stanford University, a famous
researcher on ES defines ES as:

“... an intelligent computer programme that uses
knowledge and reasoning procedures to solve different

problems that need certain expertise to solve the
problems.”

Expert system is developed to model the ability of an

expertise in solving problems. Expert system must be

able 10 provide users with the services and facilities that
an expert can usually provide,

Thus expert systems are

computer programs which store

knowledge of human experts in

4 DAITOW domain. An expert system is an Al program
which uses knowledge to solve problems which would
sormally require a human expert. It attempts to reproduce
the performance of one or more human experts.

Application of Expert Systems

The range of applications of expert systems is very vast.
It includes areas such as:

¥ PN AW RN

Medical Diagnosis
Prediction

Accounting and Finance
Designing

Planning

Debugging

Scheduling

Assessment

Marketing

10. Manufacturing

11. Monitoring and Control
12. Training

l.MedicalDiagnosis

Different types of medical diagnostic packages are "”d
for different types of medical diagnoses. These determine
the cause of malfunctions in complex situations based on
Observable symptoms.

€& MYCIN - used to diagnose infectious blood diseases.

HELP - used 1o diagnose heart problems.

PUFF - measures lung funcuions.
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3 Predicti
Ancther applcabon of cApert SYSEm
probabic conseguences of 2 givem S
For example, forecasung c1og mage oic

3. Accounting and Finance
In the field of accounting and finance the cxpert system
helps to provide ax advice, to select forecasting madzls
10 credit authorization decisions €ic. |
4. Designing

Expert system proves (o be very useful for determining
the configuration of system components (0 me! the given

specification
e.g. The design of VLSI system.

Thus the system helps to prepare design of the plan and
even recalculate before actually manufacturing the object.
5. Planning

Expert systems are:
. Hcl#uliilaunnberoprlicaﬁans lat

- o> e related to space
* Helps in planning curricula for students.
. gsjfaul in ng educational experiments in

iology, chemistry and molecular genetics etc.

6. Debugging

Debuggi . i
ugging is another beneficial application of expert

system. ‘ol 1hi
o It involves prescribing and implementing
remedies for malfunctions

JADHWE

7.

s gelected Questions & Answers 213

location of  faults in

example,
munication system.

For computer  or
com

cheduling

Expert system aids in scheduling of:
Customer orders.

Compulter resources for operating systems.

L
Production operations.

Various manufacturing tasks.

Assessment

Assessment is very
assessment of geologica
usage of expert system.

important for effective decisions. The
| structures can be made with the

On the basis of an area’s geological formation an expert
system gives possible location of minerals etc.

e.g. Geology packages like PROSPECTOR.

Also applicable in numerous military applications like
battlefield assessment etc.

9. Marketing

Expert system is used in the field of marketing in:
* Establishing sales quotas.

*  Responding to customer inquiries.

* Determining rebate policies.

10. Manufacturing

Expert system is effectively used in manufacturing.

lt mlps m
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o17.(©) What do you mean by Expert System? Write

and explain the components of Expert
System.

\ns. Expert System

An expert system is a software package that
accumulates the knowledge and decision making
capabilities of the specialists in a particular field.

OR

An expert system is a set of programs that manipulate
encoded knowledge to solve problems in a specialized
domain that normally requires human expertise.

OR

An expert system is a rule-based artificial intelligence
application program that performs a task that requires
expert knowledge.

The expert system responds as an intelligent assistant by
giving advice and suggesting possible decisions. It is
designed to act as an expert in a particular domain.

Thus an expert system is an information system that
captures and stores the knowledge of human experts.

These expert systems represent the expertise knowledge
as data or rules within the computer. These rules and data
can be called upon when needed to solve problems.

Expert systems are also called as “Knowledge based
system”.

Expert systems thus use the decision rules of human
specialists to arrive at certain conclusions and to give
recommendations. Expert systems are computer
programs which store the factual and inferential
knowledge of human experts in a narrow domain. An

e
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cxpen sysiem 15 an Al program wich mes nowledge
solve problems winch would monmally rEQUITE 2 humg,
expent. i atompts 10 mpeoduce e performance of one
maore human expens

Components of an Expert System

Components of an expen sysiem cam be classified as:

1. The User Interface

2. The Knowledge Base

3. The Inference Engine

| | Knowledge |
| | Base f bor
B e User
) | Imleriace
Interence
F{ Ensine
id
{

. The User Interface

This component connects the user 1o the expert system
The user interface is the means of communication
between a user and the expert system’s problem-solving
processes. It allows the user to enter instructions and

information into expert system and to receive information
from it.

A got?d €xpert system is not very useful unless it has an
effective interface. It has to be able to accept the queries
Or Instructions in a form that the user enters and translate
them into working instructions for the rest of the system.

It also has to be abie 10 translate the answers, produced
by the system, into a form that the user can understand.
Careful attention should be given to the screen design in

A's Selected Questions & Answers
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order to make the expert system appear riendly’ 1o the
yser.

The Knowledge Base

[t is the most i_mporuml component of expert system. It is
hecause of this that expert system is called knowledge
hased system.

The knowledge base sm:'“cs all the facts and rules about a
particular problem domain. It makes these available 1o the
inference engine in a form that it can use.

The facts may be in the form of background information
built into the system or facts that are input by the user
during a consultaton. The rules include both the
production rules that apply to the domain of the expert
system and the heuristics or rules-of-thumb that are
provided by the domain expert in order to make the
system find solutions more efficiently by taking short
cuts.

Knowledge bases are large systems of “if then”
statements or may contain only associative relationships
among different concepts, or simply large databases of
facts that can be compared to one another based on
simple conventions intrinsic to the expert system.

Thus, knowledge base contains the domain knowledge
which is used by the inference engine to draw
conclusions. The inference engine is the generic control
mechanism that applies the axiomatic knowledge to the
task-specific data to arrive at some conclusion. When 2
user supplies facts or relevant information of query t© the
expert system he receives advice OF €Xpertise in response.
That is given the facts it uses the inference engine which
ill“"‘mnﬂﬂfbthcl:notiﬂcdgctaascloinfcrthcsoiutmﬂ.
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18 a) Explain the advantages of an expert system
MDU BCA RE 2016

rasts U< - OR

n knowledge basc 10 solve the proow The infereng, What are the advanta !
enzine 15 the program that locaics e z2Dprouor ;. ) S)? Als : ges of Expert bystems
knowledge in the knowledge basc and nfe . (.E. ): s0  write  and  explain  the
knowledge by appiving logical processing and probleq. disadvantages and weaknesses of Expert
solving stralegies. ‘ System.
Thes the major task of inference engine 15 1 race s vy 1 ADS. Advantages of Expert System
through a large number of rules to amve at 2 <olu , _
Inference engine may be termed as the bran of — t Expert systems hth.: many attractive features. Some of
systems. N ‘ the advantages of using expert system are the following:
1. Consistency
2. Training Tool for Trainees
’ 3. Increased availability
4. Reduced Danger
i 5. Combination of Knowledge and Expertise from

Various Sources

More efficient and cost effective
Permanence

Documentation

. Explanation

10. Fast response

1. Consistency

One of the advantages of an ES is that the results given
are consistent. This might be due to the fact that:

© @ = o

o Similar transactions are handled in the same way.

* The system makes comparable recommendations for
like situations.
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o Therr are me dlemont vech av exhaustion aqpy
cmanam @ exporenced ) hamans.

2. Training Tool for Traimees

UI

An expert sysicm can be wsed for wanmg fiture humg,
experts. An ES can be used by waamess © feam abour the
knowledge-based systom. Trasnee %o wies a8 ES wouly
be able 1o observe how an expert solives 2 probiem.

. Increased availability

Expcn_syaum mravaihbk casily due 0 mag
ptndpcumofupuux.meaputmcmbt
mmlmdumymﬁcmw}ﬁdum-mm
s, ‘ )

Reduced Danger

Expert systems can be used in environments thar mi
2 mught be
m‘mhm-MMkmmmyriﬁv

Various Sources

One of the important components in an ES is the
knowledge base. This component contains the
accumulated knowledge and acquired or transferred
expertise fr_om Mmany experts. Thus, an ES is sometimes
zmre Supenor than an expert because its knowledge and
expertise have come from many sources. The combined

level of expertige of several
. ex
single h g perts may exceed that of a

h
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More efficient and cost effective

Expert systems could be more efficient ang
than human systems, and will become inc
wages of human professionals rise.

cost effective
reasingly so as

_ Permanence

The expertise of the expert system is permanent. Human
expertise can quickly fade. An expert mug constantly

tice and rehearse to maintain proficiency in some
problem area. Once expertise is acquired in an expert
system, it is around forever. Unlike human experts, who
may retire, quit or die, an expert system'’s knowledge will
last indefinitely.

Documentation

An expert system is much easier to document.
Documenting human expertise is extremely difficult and
ume consuming. Documenting an expert system is a
straight forward mapping between the ways in that the
expertise is represented in the system and the natural
language description of that representation. Thus, an
expert system can provide permanent documentation of
the decision process.

. Explanation

Expert systems can explicitly explain the reasoning that
led 10 a conclusion. Thus, one can see how the expert
system used rules from its knowledge base to convert the
Mmput into advice. The ability to reason increases one’s
confidence that the correct decision was made.

Fast or real-time response may be necessary for some
applications. Depending on the software and hardware



gsed. an expert sysiem may respond faster and be mor,
availablc than a bumap expern. SOME CMETZEnCies my,
require faster responses thas 3 buman expent’s, and sq 1
real-time expen sysiem 15 2 good choice.

Disadvantages of Expert System

Some of the disadvantages of using expert sysiem are the
following:

1. Not Widely used
Common Sense
Difficult to use
Learning

Probabie Decision Error
Difficuit to Maintain
Creativity

Degradation

Not Widely used

ES is not w_idcly used in business firms or organizations.
Due to limited usage, firms are still in doubt about the

capggility and, most definitely, the high cost involved in
an ES.

= Y

Common Sense

In addition to a great deal of technical knowledge, human
experts have common sense. It is not yet known how t0
gIVE expert systems common sense.

Difficult to use

Using an ES is very difficult and learning and mastering
It requires a long time. Moreover., developing an ES tha!

15 user-friendly is the bi
developers iggest challenge for

4
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Learning

- experts  automatically adapt 1o changing

environments, €Xpert systems must be explicitly updated

probable Decision Error

The main source of the knowledge is experts. Humans
make mistakes. If the experts input wrong information
into the expert system, this will have a negative impact on
the results produced.

Difficult to Maintain

The information in ES must be constantly updated 1o
solve new problems. Every new problem that occurs
needs new knowledge and expertise. This means that
there must be an on-going relationship between the
domain experts and the ES developer. This situation
requires the domain experts to update the source of
knowledge and expertise to suit the current situation.

Creativity

Human experts can respond creatively to unusual
situations, expert systems cannot.

Degradation

Expert systems are not good at moMg when no
answer exists or when the problem is outside their area of

expertise.



gl Explain in detail the i‘&’;{t system shells.
u MDU BCA RE 2018, 2
OR 5, 2018
What is an expert system shell? Explain why
use of an expert system shell can

dramatically reduce the development time of

A Expert System Shell

An expert system shell is a skeleton expert system with
the knowledge removed. To build a new expert system
wﬁcaﬁon,aﬂtheuserhastodoistoadd:he
mnfledge in the form of rules and provide relevant
data.

Shells are tools for building expert systems that provide
knowledge representation facilities and inferencing
mechanisms i.e. Expert system shell provides all the tools
necessary, including an inference engine, to manage 2
knowledge base. In addition, it also provides a module
where the user can create the knowledge base.

Expert system shell provides user friendly software
environment to the knowledge engineer for building an
expert system. It contains all the generic expert system
logic required to build an expert system.

A shell may be thought of as an expert system with all
domain specific knowledge removed and a facility for
entering a new knowledge base provided.

An expert system shell can greatly facilitate development,
but this is often at the expense of flexibility. The
developer is limited to using the knowledge
representation mechanisms, inference techniques, ways 1o
handle uncertainty and user interfaces that the shell
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provides. This can result in trying 0 fit the problem 1 4, Facilities for uncertain reasoning,

Y ol ey - .

shell rather than opsloouzZEng e sofiware o f; p : 1

sheil, rather thae : e e -_r- the Rule induction facilities.

p(’.)-i"lf:"ﬂ A j;-l;‘_".hi‘?'i‘- Of CXPCIL SYSICID HICHS Suusts i the . i

market soday . Good debugging and value-checking aids,

2 ism for handling 1
Thus, an expert system shell is a development systom for | . A mechan [ & uncertainty both from

designing an expert system. It provides an efficient qpy the developer and from the end user.
user-friendly software environment to the kuohdtdge Expert system sheil provides the following advantages:
engineer for building an expert system. pe

The programming efforts that go into building the

Functions of Expert System Shell user interface and inference engine is reused.
An expert system shell is 2 programme used to devel ‘ o The level of programrf:ing skills needed to produce
an Expernt System. The Expert System Shell execyies | the finished system is much lower compared o
three main functions: developing a  system  from dsscratch using
; tional programming methods.
* Helps the programmer build a knowledge database COmPER PR ) A
by permitting the developer to input knowledge in « Expert system develt_rpment praje_ct can be comp
the knowledge representation structure. faster, cheaper and in more efficient way.

* Provides the procedures for inference or reasoning
deductions based on the information stored in the
information database and new facts input by the
user.

* Provides the interface to let the user prepare
reasoning tasks and questions *~ be queried to the
system on strategic reasoning. '

Expert system shell provides a wide range of facilities
and advantages, that’s why expert system shell offers
a dramatic reduction in the development time of
expert systems. |
Expert system shell provides the following facilities:

* A knowledge representation language.

» Knowledge base editor.

» Tracing and debugging facilities.

A;——




