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DEPARTMENT OF COMPUTER SCIENCE AND ENGINEERING

COURSE MATERIALS

CS 467 MACHINE LEARNING
VISION OF THE INSTITUTION

To mould true citizens who are millennium leaders and catalysts of change through excellence in
education.

MISSION OF THE INSTITUTION

NCERC is committed to transform itself into a center of excellence in Learning and Research in
Engineering and Frontier Technology and to impart quality education to mould technically competent
citizens with moral integrity, social commitment and ethical values.

We intend to facilitate our students to assimilate the latest technological know-how and to imbibe
discipline, culture and spiritually, and to mould them in to technological giants, dedicated research
scientists and intellectual leaders of the country who can spread the beams of light and happiness among
the poor and the underprivileged.
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ABOUT DEPARTMENT
4 Established in: 2002

¢ Course offered : B.Tech in Computer Science and Engineering

M.Tech in Computer Science and Engineering

M.Tech in Cyber Security

¢ Approved by AICTE New Delhi and Accredited by NAAC

4 Affiliated to the University of " AP J Abdul Kalam Technological University.

DEPARTMENT VISION

Producing Highly Competent, Innovative and Ethical Computer Science and Engineering Professionals

to facilitate continuous technological advancement.

DEPARTMENT MISSION

. To Impart Quality Education by creative Teaching Learning Process
. To Promote cutting-edge Research and Development Process to solve real world problems with
emerging technologies.
3. To Inculcate Entrepreneurship Skills among Students.
. To cultivate Moral and Ethical Values in their Profession.

PROGRAMME EDUCATIONAL OBJECTIVES

PEO1: Graduates will be able to Work and Contribute in the domains of Computer Science and Engineering
through lifelong learning.

PEO2: Graduates will be able to Analyse, design and development of novel Software Packages, Web
Services, System Tools and Components as per needs and specifications.

PEO3: Graduates will be able to demonstrate their ability to adapt to a rapidly changing environment by
learning and applying new technologies.

PEOA4: Graduates will be able to adopt ethical attitudes, exhibit effective communication skills,
Teamworkand leadership qualities.
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Free Hand


PROGRAM OUTCOMES (POS)
Engineering Graduates will be able to:

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering
fundamentals, and an engineering specialization to the solution of complex engineering
problems.

Problem analysis: Identify, formulate, review research literature, and analyze complex
engineering problems reaching substantiated conclusions using first principles of mathematics,
natural sciences, and engineering sciences.

Design/development of solutions: Design solutions for complex engineering problems and
design system components or processes that meet the specified needs with appropriate
consideration for the public health and safety, and the cultural, societal, and environmental
considerations.

Conduct investigations of complex problems: Use research-based knowledge and research
methods including design of experiments, analysis and interpretation of data, and synthesis of
the information to provide valid conclusions.

Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern
engineering and IT tools including prediction and modeling to complex engineering activities
with an understanding of the limitations.

The engineer and society: Apply reasoning informed by the contextual knowledge to assess
societal, health, safety, legal and cultural issues and the consequent responsibilities relevant to
the professional engineering practice.

Environment and sustainability: Understand the impact of the professional engineering
solutions in societal and environmental contexts, and demonstrate the knowledge of, and need
for sustainable development.

Ethics: Apply ethical principles and commit to professional ethics and responsibilities and
norms of the engineering practice.

Individual and team work: Function effectively as an individual, and as a member or leader
in diverse teams, and in multidisciplinary settings.

. Communication: Communicate effectively on complex engineering activities with the
engineering community and with society at large, such as, being able to comprehend and write
effective reports and design documentation, make effective presentations, and give and receive
clear instructions.

. Project management and finance: Demonstrate knowledge and understanding of the
engineering and management principles and apply these to one’s own work, as a member and
leader in a team, to manage projects and in multidisciplinary environments.

. Life-long learning: Recognize the need for, and have the preparation and ability to engage in

independent and life-long learning in the broadest context of technological change.

PROGRAM SPECIFIC OUTCOMES (PSO)

PSO1: Ability to Formulate and Simulate Innovative ldeas to provide software solutions for Real-
time Problems and to investigate for its future scope.

PSO2: Ability to learn and apply various methodologies for facilitating development of high quality
System Software Tools and Efficient Web Design Models with a focus on performance
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optimization.

PSO3: Ability to inculcate the Knowledge for developing Codes and integrating hardware/software
productsin the domains of Big Data Analytics, Web Applications and Mobile Apps to create
innovative career path and for the socially relevant issues.

COURSE OUTCOMES

Co1 To understand various learning approachesand to learn the concepts of supervised learning

CO2 To acquire knowledge about various dimensionality reduction techniques.

CO3 To learnaboutvarious performancemeasures and to apply various techniques like Bayesian
classification used in machine learning.

CO4 To apply theoretical concepts of decision trees to find best split and to understand the
concepts of artificial neural networks

CO5 To Enumerate the concepts of classifier models like SVM and HMM

CO6 | Tounderstand different clustering algorithms and applying it in real world problems.

MAPPING OF COURSE OUTCOMES WITH PROGRAM OUTCOMES

Co1

COo2
CO3

CO4
CO5

CO6

Note: H-Highly correlated=3, M-Medium correlated=2, L-Less correlated=1
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MAPPING OF COURSE OUTCOMES WITH PROGRAM SPECIFIC OUTCOMES

SYLLABUS

, . . L-T-P Year of
Course code Course Name . . .
Credits Introduction

5467 MACHINE LEARNING 3003 2016

Course Objectives:
¢ Tointroduce the prominent methods for machine learning
e To study the basics of supervised and unsupervised learning
¢ To study the basics of connectionist and other architectures

Syllabus:
Introduction to Machine Learning, Learning in Artificial Neural Networks, Decision trees,
HMM, SVM. and other Supervised and Unsupervised learning methods.

Expected Outcome:
The Students will be able to :
i.  differentiate various learning approaches. and to interpret the concepts of supervised
learning
ii. compare the different dimensionality reduction techniques
iii. apply theoretical foundations of decision trees to identify best split and Bayesian
classifier to label data points
iv. illustrate the working of classifier models like SVM, Neural Networks and identify
classifier model for typical machine learning applications
v. identify the state sequence and evaluate a sequence emission probability from a given
HMM
vi.  illustrate and apply clustering algorithms and identify its applicability in real life problems
References:
1. Christopher M. Bishop, Patrern Recognition and Machine Learning, Springer, 2006.
2. Ethem Alpavdin, Introduction ro Machine Learning (Adaptive Computation and Machine
Learning), MIT Press, 2004.
Margaret H. Dunham. Data Mining: introductory and Advanced Topics, Pearson, 2006
Mitchell. T. Machine Learning, McGraw Hill.
Ryszard S. Michalski. Jaime G. Carbonell, and Tom M. Mitchell, Machine Learning : An
Artificial Intelligence Approach, Tioga Publishing Company.
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Course Plan

Module

Contents

Hours

End
Sem.
Exam

Marks

%

Introduction to Machine Learning, Examples of Machine
Learning applications - Learning associations, Classification,
Regression, Unsupervised Learning, Reinforcement Learning.
Supervised learning- Input representation, Hypothesis class,
Version space. Vapnik-Chervonenkis (VC) Dimension

Probably Approximately Learning (PAC), Noise, Learning
Multiple classes, Model Selection and Generalization,
Dimensionality reduction- Subset  selection, Principle
Component Analysis

FIRST INTERNAL EXAM

Classification- Cross validation and re-sampling methods- K-
fold cross validation, Boot strapping. Measuring classifier
performance- Precision, recall, ROC curves. Bayes Theorem,
Bayesian classifier, Maximum Likelihood estimation, Density
functions, Regression

Decision Trees- Entropy, Information Gain, Tree construction,
ID3, Issues in Decision Tree learning- Avoiding Over-fitting,
Reduced Error Pruning, The problem of Missing Attributes,
Gain Ratio, Classification by Regression (CART), Neural
Networks- The Perceptron, Activation Functions, Training
Feed Forward Network by Back Propagation.

SECOND INTERNAL EXAM

Kernel Machines- Support  Vector Machine- Optimal
Separating hyper plane, Soft-margin hyperplane, Kernel trick,
Kernel functions. Discrete Markov Processes, Hidden Markov
models, Three basic problems of HMMSs- Evaluation problem,
finding state sequence, Learning model parameters. Combining
multiple learners, Ways to achieve diversity, Model
combination schemes, Voting, Bagging, Booting

Unsupervised Learning - Clustering Methods - K-means,
Expectation-Maximization Algorithm, Hierarchical Clustering
Methods . Density based clustering

END SEMESTER EXAM
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Question Paper Pattern
There will be FOUR parts in the question paper — A, B, C, D
Part A
a. Total marks : 40
b. TEN questions, each have 4 marks, covering all the SIX modules (THREE
questions from modules I & II; THREE questions from modules 11T & I'V;
FOUR questions from modules V & VI).
All the TEN questions have to be answered.
Part B
a. Total marks : 18
b. THREE questions, each having 9 marks. One question is from module I:
one question is from module II; one question uniformly covers modules I &
IL.
c. Any TWO questions have to be answered.
d. Each question can have maximum THREE subparts.

Part C
a. Total marks : 18
b. THREE questions, each having 9 marks. One question is from module III:
one question is from module IV one question uniformly covers modules I11
& IV.
c. Any TWO questions have to be answered.
d. Each question can have maximum THREE subparts.
Part D
a. Total marks : 24

b. THREE questions, each having 12 marks. One question is from module V
one question is from module VI; one question uniformly covers modules V
& VL
c. Any TWO questions have to be answered.
d. Each question can have maximum THREE subparts.
There will be AT LEAST 60% analytical/numerical questions in all possible
combinations of question choices.
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QUESTION BANK

MODULEI

QUESTIONS

List out the various applications of machine learning

Discuss about classification and regression

Discuss about reinforcement learning

Define machine learning and list out its main
components

Differentiate between Supervised learning &
unsupervised learning

Explain the concept of VC dimension

Illustrate with a diagram the concept of supervised
learning

Explain about hypothesis space & version space

Write a note on association techniques used in learning

Define feature and input representation.

List out different types of data.

An open interval in R isdefined as (a, b) = {X €R, a<x
<b}. aand b are two parameters. Show that the set of
all open intervals has a VC dimension of 2.

MODULE I

Define Noise.

What are the reasons for noise and its effects on data?

Write a note on dimensionality reduction technigue

List out advantages of using simple model.

Describe the backward selection algorithm in detail

Describe the forward selection algorithm in detail

Write a note on a) True error b) Size of concept ¢) MSE

Elaborate about PCA in detail

OO | N[O B~|W[IN]F-

Write a note on generalization in detail

[EEN
o

Write a note on PAC learning technique

[EEN
[ERN

How multiple classes are classified in Machine learning

12

Describe about subset selection method
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Write a note on model selection

MODULE I11

Discuss about k-fold cross validation method

How bootstrapping can be used in machine learning
Discuss about performance metrics in classifiers
Define the term precision, recall and specificity
Explain the use of ROC curve in machine learning
Discuss about different regression models

Discuss about ROC in detail

State Bayes theorem

How maximum likelihood is estimated in machine
learning

Discuss about different density functions

MODULE IV

Define Gini index, Gini split index and gain ratio

Define entropy with the help of a example

Elaborate about the ID3 Decision tree algorithm

Define CART algorithm and terms

Describe about issues in decision learning? Specify the
steps to avoid it

Discuss about three different activation functions

Illustrate with diagram, the Perceptron concept in neural
networks

Represent x1 AND x2 using perceptron

Discuss about different activation functions

Analyze the backpropagation concept used in neural
networks
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MODULE V

Write a note on support vector machine

Discuss about soft margin and optimal separating
hyperplane

Describe about the hidden Markov model

Elaborate about 3 problems in HMM

Write a note on kernel functions

Differentiate between bagging and boosting

Discuss about voting method.

List out the various kernel functions used.

What is the use of stack variable in soft margin
hyperplane?
Define Margin and support vector

MODULE VI

Write a note on K-means clustering algorithm.
Discuss about expectation maximization algorithm.

Differentiate between hierarchical and density-based
clustering

Point out various distance measures used in clustering

Elaborate about divisive clustering

Write a note on agglomerative clustering

Illustrate the concept of dendrogram construction using
complete linkage method.

Illustrate the concept of dendrogram construction using
single linkage method.

Discuss about DBSCAN algorithm
Write a note on DIANA algorithm
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APPENDIX 1

CONTENT BEYOND THE SYLLABUS

TOPIC

Ensemble Learning
Expert Systems

MODULE NOTES
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| \ Learning Multiple Classes

‘ The Classification can be divided into two. They are:

« Binary Classification
« Multiclass Classification

Binary Classification

' !
We have only two classes, i

For eg: True or false

Multi Class Classification g
Here there will be more than two classes. In this different methods are used to 1

classify the data. The two methods used are: |

» One-against-all

» One- against-one

One — against- all method (OAO)

There are k classes denoted by C,, C,,C;...... Ck . Each input instance belongs
to exactly one of them.

The K-class classification problem is taken as K two-class problems. In the i-th
two-class problem, the training examples belonging to C; are taken as the
positive examples and the examples of all other classes are taken as the negative
examples. So, we have to find K hypotheses hy,h,,...hg .

Each h; is defined as:

1 ifrisinclass C;
hi(r) = R

«?o-l o aw«) o, oo\J onz_

C, will be  ossigne
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Pore Gy,
)
e (k\t\s): 4 = (\lk—‘lt) (R ,13 CHAPTER 4 DIMENSIONALITY REDUCTION 2
Y e \ J®R": U

iv) We form the following n = N matrix

X=Xy, Xn-X, X=X,
Xn-% Xn-X Xav = Xy

Crshud a HEYN D aled ==
Ca Yo ante  wacky'yy |

: X
[ Xay =Ko Xaz=Ra Xon = X

v) Next compute the matrix

|
|
|
|
s g Cov (l‘ = y‘> GVC*&, N.z) P, (ouc\xg ;) Note that this is a p x N mamix. This gives us a dataset of N samples having p

| . K e BX
|
i features.
Gov CY_‘ ' \(‘) Gv Cy ) S G i Step 6. New dataset
3 \ > 'Q : UI: )il The matrix X oo is the new dataser. Each row of this matrix represents the values of o
i; = ~ feature. Since there are only j rows, the new dataset has only feanires.
g & | CK IXD Gy C )(“ G ) O‘VC&\ Step 7. Conclusion
. ) » i . This is how the principal component analysis helps us in dimensional reduction uf the
) | dataset. Note that it is not possible to get back the original n-dimensional dataset fromy
J-' C»\ l ‘ o ! “ X I the new dataset.
Cicen \. l N
7 G clves ad SA5% V"—C'Lo s 4.4.3 lllustrative example
o bc, C o o~ ' We illustrate the ideas of principal component analysis by considening a wy example In the discus:
’\C{ S ] ReRTate rhadl X sions below, all the details of the computations are given. This ix © give the reader an idea of the

_ complexity of computations and also to help the reader do a “workad crample™ by hand coniputa:
tions without recourse to software packages.

Problem
Given the data in Table 4.2, use PCA to reduce the dimension from 2 10 L.

i Feature | Examplc | Example 2 Example 3 Exanple

l X1 4 3 13 iy X
| c X 11 SRR )
. { :
| Table 4.2: Data for illustrating PCA
N
i . Solution %
' 1. Scatter plot of data
We have :
Riej(@s8e13em) o8
K= {(Msdese

Figure 4.2 shows the scatter plot of the data together |




CHAPTER 4 DIMENSIONALITY REDUCTION

024638 1012 14 X,
Figore 4.2: Scatier plot of data in Table 4 2

1. Calculation of the covariance matrix
The covariances are calculated as follows

1 & -
Cov(X,,X3) = I—v_—l‘z:(){..-x,)’
-l

'1.((“5):‘(5'8)"(13-8)‘0(7-a)')
=14

1 & =
Cov (X}, X3) = rf.z.("'" =X ) (X - X;)

=4(s-8)1 -85)+(8-8)(4a-85)
*(13-8)(5-8.5) + (7-8)(14- 8 5)
=-1}
Cov (X2, X,) = Cov (X,. X3)
==11
Cov (3. X3) = 1 5ty - £, .
R 711
=i(m ~8.5)%+ (4-85)%+ (5-R5)?+ (14 -2 2?)
=23
The covasiance matria is

Cov(X2,X1) Cov(Xs,X)

s.[Cov(X..X,) Cov (X4, X3)
_[ 4 -1 X

l-ll'-uh-dmmmm
The ch quation of the covariance matri is
0= det(S - A7) =Y

e -n
- 7-

= (14 A2 - 2) = (-11) (-1
~A"- 375420

CHAPTER 4. DIMENSIONALITY REDUCTION

Solving the characteristic equation we get

A = 4(37 + V/565)
= 30.3849, 6.6151
= A, A2 (say) ;
4. C ion of the eig
To find the first principal components, we need only compute the cigtmcrnu corresponding 1o lh;:
largest eigenvalue. In the present le, the largest cig lue 1s Ay and so ws compute the
eigenvector corresponding (0 A. . i

. u "
The cigenvector corresponding to A = A, is a vector U = [u;] satisfying the following equation.

g],(s-,\./)x

. .
N AR ~11 uy -
=11 28-\ || .
) A A uy = 1ug
=1uy +(23=X))uy
“This ix cquivalent 1o the following rwn cquations:

(= Ay )y - Mlug =0

1y 4 (28= A )ug =00
Using the theory of systems of linear vquations, we note that these equations are nol independent

and solutions are given by A
L P L R
FRE Y =5 Whis,

that is

wps e, ug = (14= )t
where £ is any real nuinber. Taking f = |, we get an eigenvector correxponding 1o Xy s

U '[ul-lh]" ! :
To find 3 unit cigenvector, we conipute the fength of X, which is given by
WAl = VIS (=37
= /117 + (14 - 30.3810)#

=19.7348

4 L
e g 10 lambda, is

Therelore, a unit

- [(ul-lhm)l':m] i .
{‘..-,‘&’::.'.’;,‘:m :
0.5574

=
&
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FAl ]\ 2 *
’ &
‘

02463 lOlZMX.
. Fmd‘!:owﬁmlym-fwwhdpdmmnu

Figure 4.4: Projections of data points on the axis of the first principul component o
.

. . [ |
i - l

5. Computation i
of first principal components 1 PCI components | -4.305187 _3.736129_5.69282% -8 123709

X l
. be the k-:bu::pk in 1:‘“ 42, The first Priolonl Gopwisans of viks o ot ; Table 4.4: One-dimensional approximation to the dats in Tuble 4.2 .
i “denbls anspose of the matrix) . |
] [l |
‘ 7| Xaw - X, mun un be mbiguously specitied b Je number, mamely, o conndimae o :
e T Kago R approxima « unambiguously p\u el by a single number, '
: P Xa - .\‘,] » [0.054 + =~ 53')1] [X;: = x;jl | Thus the two-d. jonal dati <et given in Table 4.2 can he represented appiross
! . g s « 0L.5574( Xy, - x.) ~0.8303( X, - §,) : m m:ly by |l|§ l‘ulluwmg. one-dimensional dita set (see F\l:un. 4.5) ,
¢ 7 S
For exu : ’ 14 Cha 14 \
mple. the first principal component corresponding 1o the first example [A,”] l ‘,J " i “‘7'.“) ° 7 ’
calculated as follows: Na i 12 , ‘_‘ ’ ,1‘ 12 o, Wan
| 10 D R 10
- e A . | i :
Xay = Ry | = 00574( X0y = X)) = 0.8308( Nz - \y) ' X1, Ry)
6 ol " 6 >
. =0 6574(4 ~8) - 0.8304(11 ~ ¥4, 5) g T P e
’ . 133 ‘
= -4.30535 ‘ ; o) _r. ) ; y °
The results of calculations are summarised in Table 4.3, [ A A
* | Q274 6K 10925 Xy 2 4 6 810 E2 1NN "
Xy 4 8 13 7 ’ ;
X3 1 4 5 4 {8 Figure 4.5 Geometrical representation of one-dimensionil approsimation (o (he flun: n Vil 42
First princips) components | 43052 39361 56938 5171 | | - :
- X ' ;: 4.5 Sample questions )
Table 4.3: First principal components for data in Takile 4.2 [ :
* v ‘! (#) Short answer questions
" 1. What is dimensionality reduction” How is it impl d/
|

#. Geometrical meanlng of irst principal comp
“bhmhhl!.nmm.ﬂmm First we shift the origin 1o
“comer” (X, ;) and then change the directions of cogrdinate axes 10 the dircctions of the
€, and ¢; (see Figure 4.3).

hwwwmunmm»uc.m(mnmu; The tirst
Wncipal components gre stes of the feet of perpendiculars, that is, the projections on
'qﬂhmdﬁwﬂuunqﬂd‘myhmwnnpp-mmummun he

2
3.
4. How s the subset selection method used for dimensionaljgy reduction
i in chine asming.

-»

-

- Ix subset selection probleim an unsupervised leamning

‘ . Lxplain why dimensionality reduction 15 useful in machine learning,

P P, e i

What are the ly used di y redug il

Explain the method of princip l
What arc the first principul components of i dia’?

v””umwmm-muﬁmummm» Now. euch ol thewe

v e 5 4
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CONTENT BEYOND SYLLABUS

Ensemble Learning
Definition

Ensemble learning is a machine learning paradigm where multiple learners are trained to
solve the same problem. In contrast to ordinary machine learning approaches which try to
learn one hypothesis from training data, ensemble methods try to construct a set of
hypotheses and combine them to use. An ensemble contains a number of learners which are
usually called base learners. The generalization ability of an ensemble is usually much
stronger than that of base learners. Actually, ensemble learning is appealing because that it is
able to boost weak learners which are slightly better than random guess to strong learners
which can make very accurate predictions. So, “base learners” are also referred as “weak
learners”. Base learners are usually generated from training data by a base learning algorithm
which can be decision tree, neural network or other kinds of machine learning algorithms.
Most ensemble methods use a single base learning algorithm to produce homogeneous base
learners, but there are also some methods which use multiple learning algorithms to produce
heterogeneous learners. In the latter case there is no single base learning algorithm and thus,
some people prefer calling the learners individual learners or component learners to “base
learners”, while the names “individual learners” and “component learners” can also be used
for homogeneous base learners.

Constructing Ensembles

Typically, an ensemble is constructed in two steps. First, a number of base learners are
produced, which can be generated in a parallel style or in a sequential style where the
generation of a base learner has influence on the generation of subsequent learners. Then, the
base learners are combined to use, where among the most popular combination schemes are
majority voting for classification and weighted averaging for regression. The bias-variance
decomposition is often used in studying the performance of ensemble methods

Applications

Ensemble learning has already been used in diverse applications such as optical character
recognition, text categorization, face recognition, computer-aided medical diagnosis, gene
expression analysis, etc. Actually, ensemble learning can be used wherever machine learning
techniques can be used.



Expert Systems

In artificial intelligence, an expert system is a computer system that emulates the decision-
making ability of a human expert. Expert systems are designed to solve complex problems by
reasoning through bodies of knowledge, represented mainly as if-then rules rather than
through conventional procedural code. The first expert systems were created in the 1970s and
then proliferated in the 1980s. Expert systems were among the first truly successful forms of
artificial intelligence (Al) software. However, some experts point out that expert systems
were not part of true artificial intelligence since they lack the ability to learn autonomously
from external data.

An expert system is divided into two subsystems: the inference engine and the knowledge
base. The knowledge base represents facts and rules. The inference engine applies the rules to
the known facts to deduce new facts. Inference engines can also include explanation and
debugging abilities.

Software architecture

An expert system is an example of a knowledge-based_system. Expert systems were the first
commercial systems to use a knowledge-based architecture. A knowledge-based system is
essentially composed of two sub-systems: the knowledge base and the inference engine.

The knowledge base represents facts about the world. In early expert systems such as Mycin
and Dendral, these facts were represented mainly as flat assertions about variables. In later
expert systems developed with commercial shells, the knowledge base took on more structure
and used concepts from object-oriented programming. The world was represented as classes,
subclasses, and instances and assertions were replaced by values of object instances. The
rules worked by querying and asserting values of the objects.

The inference engine is an automated reasoning system that evaluates the current state of the
knowledge-base, applies relevant rules, and then asserts new knowledge into the knowledge
base. The inference engine may also include abilities for explanation, so that it can explain to
a user the chain of reasoning used to arrive at a particular conclusion by tracing back over the
firing of rules that resulted in the assertion.

There are mainly two modes for an inference engine: forward chaining and backward
chaining. The different approaches are dictated by whether the inference engine is being
driven by the antecedent (left hand side) or the consequent (right hand side) of the rule. In
forward chaining an antecedent fires and asserts the consequent. For example, consider the
following rule:

A simple example of forward chaining would be to assert Man(Socrates) to the system and
then trigger the inference engine. It would match R1 and assert Mortal(Socrates) into the
knowledge base.

Backward chaining is a bit less straight forward. In backward chaining the system looks at
possible conclusions and works backward to see if they might be true. So if the system was
trying to determine if Mortal(Socrates) is true it would find R1 and query the knowledge base



to see if Man(Socrates) is true. One of the early innovations of expert systems shells was to
integrate inference engines with a user interface. This could be especially powerful with
backward chaining. If the system needs to know a particular fact but doesn't, then it can
simply generate an input screen and ask the user if the information is known. So in this
example, it could use R1 to ask the user if Socrates was a Man and then use that new
information accordingly.

Advantages

The goal of knowledge-based systems is to make the critical information required for the
system to work explicit rather than implicit. In a traditional computer program the logic is
embedded in code that can typically only be reviewed by an IT specialist. With an expert
system the goal was to specify the rules in a format that was intuitive and easily understood,
reviewed, and even edited by domain experts rather than IT experts. The benefits of this
explicit knowledge representation were rapid development and ease of maintenance.

Ease of maintenance is the most obvious benefit. This was achieved in two ways. First, by
removing the need to write conventional code, many of the normal problems that can be
caused by even small changes to a system could be avoided with expert systems. Essentially,
the logical flow of the program (at least at the highest level) was simply a given for the
system, simply invoke the inference engine. This also was a reason for the second benefit:
rapid prototyping. With an expert system shell it was possible to enter a few rules and have a
prototype developed in days rather than the months or year typically associated with complex
IT projects.



