
 UNIT I 
INTRODUCTION TO AI AND PRODUCTION SYSTEMS 

 

Introduction to AI-Problem formulation, Problem Definition -Production systems, Control 

strategies,Search strategies. Problem characteristics, Production system characteristics -

Specialized production system- Problem solving methods - Problem graphs, Matching, 

Indexing and Heuristic functions –Hill Climbing-Depth first and Breath first, Constraints 

satisfaction - Related algorithms, Measure of performance and analysis of search 

algorithms. 

   

Introduction to AI-Problem formulation: 

 According to the father of Artificial Intelligence, John McCarthy, it is “The science 

and engineering of making intelligent machines, especially intelligent computer programs”. 

Artificial Intelligence is a way of making a computer, a computer-controlled robot, or a 

software think intelligently, in the similar manner the intelligent humans think. 

AI is accomplished by studying how human brain thinks, and how humans learn, decide, 

and work while trying to solve a problem, and then using the outcomes of this study as a 

basis of developing intelligent software and systems. 

Philosophy  of  AI 

While exploiting the power of the computer systems, the curiosity of human, lead him to 

wonder, “Can a machine think and behave like humans do?” 

Thus, the development of AI started with the intention of creating similar intelligence in 

machines that we find and regard high in humans. 

Goals of AI 

 To Create Expert Systems − The systems which exhibit intelligent behavior, learn, 

demonstrate, explain, and advice its users. 

 To Implement Human Intelligence in Machines − Creating systems that 

understand, think, learn, and behave like humans. 
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What Contributes to AI? 

Artificial intelligence is a science and technology based on disciplines such as 

Computer Science, Biology, Psychology, Linguistics, Mathematics, and Engineering. A 

major thrust of AI is in the development of computer functions associated with human 

intelligence, such as reasoning, learning, and problem solving. 

Out of the following areas, one or multiple areas can contribute to build an intelligent 

system. 

 

 

 

 

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



Programming Without and With AI 

The programming without and with AI is different in following ways − 

Programming Without AI Programming With AI 

A computer program without AI can answer 

the specific questions it is meant to solve. 

A computer program with AI can 

answer the generic questions it is 

meant to solve. 

Modification in the program leads to change 

in its structure. 

AI programs can absorb new 

modifications by putting highly 

independent pieces of 

information together. Hence you 

can modify even a minute piece 

of information of program 

without affecting its structure. 

Modification is not quick and easy. It may 
lead to affecting the program adversely. 

Quick and Easy program 
modification 

 

What is AI Technique? 

In the real world, the knowledge has some unwelcomed properties − 

 Its volume is huge, next to unimaginable. 

 It is not well-organized or well-formatted. 

 It keeps changing constantly. 

AI Technique is a manner to organize and use the knowledge efficiently in such a way that 

− 

 It should be perceivable by the people who provide it. 

 It should be easily modifiable to correct errors. 
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 It should be useful in many situations though it is incomplete or inaccurate. 

AI techniques elevate the speed of execution of the complex program it is equipped with. 

Applications of AI 

AI has been dominant in various fields such as − 

 Gaming − AI plays crucial role in strategic games such as chess, poker, tic-tac-toe, 

etc., where machine can think of large number of possible positions based on 

heuristic knowledge. 

 Natural Language Processing − It is possible to interact with the computer that 

understands natural language spoken by humans. 

 Expert Systems − There are some applications which integrate machine, software, 

and special information to impart reasoning and advising. They provide 

explanation and advice to the users. 

 Vision Systems − These systems understand, interpret, and comprehend visual 

input on the computer. For example, 

o A spying aero plane takes photographs, which are used to figure out spatial 

information or map of the areas. 

o Doctors use clinical expert system to diagnose the patient. 

o Police use computer software that can recognize the face of criminal with the 

stored portrait made by forensic artist. 

 Speech Recognition − Some intelligent systems are capable of hearing and 

comprehending the language in terms of sentences and their meanings while a 

human talks to it. It can handle different accents, slang words, noise in the 

background, change in human’s noise due to cold, etc. 

 Handwriting Recognition − The handwriting recognition software reads the text 

written on paper by a pen or on screen by a stylus. It can recognize the shapes of 

the letters and convert it into editable text. 
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 Intelligent Robots − Robots are able to perform the tasks given by a human. They 

have sensors to detect physical data from the real world such as light, heat, 

temperature, movement, sound, bump, and pressure. They have efficient 

processors, multiple sensors and huge memory, to exhibit intelligence. In addition, 

they are capable of learning from their mistakes and they can adapt to the new 

environment. 

Problem formulation & Problem Definition: 

 What actions and states to consider given the goal 

  It can change the world states size, enormously. 

 It depends on how the agent is connected to its environment. 

Now, our agent knows the goal and action(s). 

 Which action to choose (with map or with-out map)? 

 What action should be chosen in a state with unknown value? 

 Process of looking for such a sequence is called Search. 

 Search Alg takes problem as input and returns a solution in 

form of an action sequence. 

 After finding a suitable action sequence, the actions can be 

carried out. 

 To solve a problem: “Formulate, Search, Execute”. 

function SIMPLE-PROBLEM-SOLVER-AGENT (percept) return action 

s, an action sequence, initially empty 

state, some description of the current world state 

g, a goal, initially null 

problem, a problem formulation 

state= UPDATE-STATE (state, percept) 

if s is empty then 

g= FORMULATE-GOAL (state); 

problem= FORMULATE-PROBLEM (state, g) 

s= SEARCH (problem) 
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action= RECOMMENDATION (state, g) 

s= REMAINDER (s, state)return action 

Types of Problem: 

There are four types of problems: 

1. Single-state problems 

2. Multiple-state problems 

3. Contingency problems 

4. Exploration problems 

 

 

A Goal states are {7, 8} 

The world has two locations. 

 Agent can be in any of them. 

 Agent’s actions are: Left, Right, Suck. 

Each location may be dirty or clean. 

Single state problems 

Agents know exactly in which state it is. 

 State information may be received by sensors or using a complicated process of saving 

track of the world. 

The initial state of the agent should be clear. 
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Agent should know the exact effect of its action. 

If the vacuum cleaner agent’s sensors gives it enough information to tell 

 In these problems, next state can be find using current state and action. 

 

 
Amir 

 

Consider Initial state to be 4. 

 (Left, Suck) 

 Init State= 4 

 After Left= 3 
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 After Suck= 7 

 

Multiple  state problems 

 

 

 (Left, Suck, Right, Suck) 

 Init States={1, 2, 3, 4, 5, 6, 7, 8} 

  After Left= {1, 3, 5, 7} 

 After Suck= {5, 7} 

  After Right= {6, 8} 

 After Suck= {8} 

 

Contigency Problems: 

 The effect of an action is not clear. 

 Usually in non-deterministic environment. 

  Example: The suck action obeys Murphy Law. 

  4=¿ {2, 4} 

 Does an action sequence exist for a contigency problem? 

  Sometimes, No. 

 Example: Murphy suck with limited dirt sensor. 
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  We need to Interleaving between search and execute. 

 

 

 

 

Exploring problem: 

 The agent has no information about effect of his action. 

  Like new born baby. 

  Agent should experiment to discover what its actions do. 

  Usually, agent cannot be simulated.  

  Example: Being lost in a new country without map. 

 

Production systems: 

 The production system is a model of computation that can be applied to implement 

search algorithms and model human problem solving. Such problem solving knowledge can 

be packed up in the form of little quanta called productions. A production is a rule 

consisting of a situation recognition part and an action part. A production is a situation-

action pair in which the left side is a list of things to watch for and the right side is a list of 

things to do so. When productions are used in deductive systems, the situation that 
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trigger productions are specified combination of facts. The actions are restricted to being 

assertion of new facts deduced directly from the triggering combination. Production 

systems may be called premise conclusion pairs rather than situation action pair. 

 
A production system consists of following components. 
 
(a) A set of production rules, which are of the form A®B. Each rule consists of left hand side 

constituent that represent the current problem state and a right hand side that represent 

an output state. A rule is applicable if its left hand side matches with the current problem 

state. 

(b) A database, which contains all the appropriate information for the particular task. Some 

part of the database may be permanent while some part of this may pertain only to the 

solution of the current problem. 

(c) A control strategy that specifies order in which the rules will be compared to the 

database of rules and a way of resolving the conflicts that arise when several rules match 

simultaneously. 

(d) A rule applier, which checks the capability of rule by matching the content state with 

the left hand side of the rule and finds the appropriate rule from database of rules. 

 

The important roles played by production systems include a powerful knowledge 

representation scheme. A production system not only represents knowledge but also 

action. It acts as a bridge between AI and expert systems. Production system provides a 

language in which the representation of expert knowledge is very natural. We can 

represent knowledge in a production system as a set of rules of the form 

 

If (condition) THEN (statement) 

 

along with a control system and a database. The control system serves as a rule interpreter 

and sequencer. The database acts as a context buffer, which records the conditions 

evaluated by the rules and information on which the rules act. The production rules are 

also known as condition – action, antecedent – consequent, pattern – action, situation – 

response, feedback – result pairs. 
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For example, 

If (you have an exam tomorrow) 

THEN (study the whole night) 

 

The production system can be classified as monotonic, non-monotonic, partially 

commutative and commutative. 

 

 

 
Figure : Architecture of Production System 

 
 
 
Control strategies: 

 
 Problem solving in control strategies is searching for a goal state. 

Playing Chess: 

• Each position can be described by an 8-by-8 array. 

• Initial position is the game opening position. 

• Goal position is any position in which the opponent does not have a legal move and 

his or her king is under attack. 

• Legal moves can be described by a set of rules: 

  - Left sides are matched against the current state. 

  - Right sides describe the new resulting state. 
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• states?  -any arrangement of n<=8 queens  -or arrangements of n<=8 queens in 

leftmost n  columns, 1 per column, such that no queen  attacks any other. 
• initial state? no queens on the board 
• actions?  -add queen to any empty square  

                 -or add queen to leftmost empty square such  that it is not attacked by other 
queens. 

• goal test? 8 queens on the board, none attacked. 
path cost? 1 per move. 
 
Water Jug Problem: 

 
Definition: 

Some jugs are given which should have non-calibrated properties. At least any one of the 

jugs should have filled with water. Then the process through which we can divide the 

whole water into different jugs according to the question can be called as water jug 

problem. 

 

Procedure: 

Suppose that you are given 3 jugs A,B,C with capacities 8,5 and 3 liters respectively but are 

not calibrated (i.e. no measuring mark will be there). Jug A is filled with 8 liters of water. By 
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a series of pouring back and forth among the 3 jugs, divide the 8 liters into 2 equal parts i.e. 

4 liters in jug A and 4 liters in jug B. 

 

How? 

 

In this problem, the start state is that the jug A will contain 8 liters water whereas jug B and 

jug C will be empty. The production rules involve filling a jug with some amount of water, 

taking from the jug A. The search will be finding the sequence of production rules which 

transform the initial state to final state. The state space for this problem can be described 

by set of ordered pairs of three variables (A, B, C) where variable A represents the 8 liter 

jug, variable B represents the 5 liter and variable C represents the 3 liters jug respectively. 

 

Figure 

 
 

The production rules are formulated as follows: 

Step 1: 

 

In this step, the initial state will be (8, 0, 0) as the jug B and jug C will be empty. So the 

water of jug A can be poured like:  

(5, 0, 3) means 3 liters to jug C and 5 liters will remain in jug A. 

(3, 5, 0) means 5 liters to jug B and 3 liters will be in jug A. 

(0, 5, 3) means 5 liters to jug B and 3 liters to jug C and jug C and jug A will be empty. 
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Step2: 

In this step, start with the first current state of step-1 i.e. (5, 0, 3). This state can only be 

implemented by 

pouring the 3 liters water of jug C into jug B. so the state will be (5, 3, 0). Next, come to the 

second 

current state of step-1 i.e. (3, 5, 0). This state can be implemented by only pouring the 5 

liters water of jug 

B into jug C. So the remaining water in jug B will be 2 liters. So the state will be (3, 2, 3). 

Finally come to 

the third current state of step-1 i.e. (0, 5, 3). But from this state no more state can be 

implemented because 

after implementing we may get (5, 0, 3) or (3, 5, 0) or (8, 0, 0) which are repeated state. 

Hence these 

states are not considerably again for going towards goal. 

So the state will be like: 

(5, 0, 3)->(5, 3, 0) 

(3, 5, 0)->(3, 2, 3) 

(0, 5, 3)-> X 

Step 3: 

In this step, start with the first current state of step-2 i.e. (5, 3, 0) and proceed likewise the 

above steps. 

(5, 3, 0)->(2, 3, 3) 

(3, 2, 3)->(6, 2, 0) 

Step 4: 

In this step, start with the first current state of step-3 i.e. (2, 3, 3) and proceed. 

(2, 3, 3)->(2, 5, 1) 

(6, 2, 0)->(7, 0, 1) 

Step 5: 

(2, 5, 1)->(7, 0, 1) 

(6, 0, 2)->(1, 5, 2) 

Step6: 
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(7, 0, 1)->(7, 1, 0) 

(1, 4, 3)->(1, 4, 3) 

Step7: 

(7, 1, 0)->(4, 1, 3) 

(1, 4, 3)->(4, 4, 0)(Goal) 

So finally the state will be (4, 4, 0) that means jug A and jug B contains 4 liters of water each 

which is our goal state. One thing you have to very careful about the pouring of water from 

one jug to another that the capacity of jug must satisfy the condition to contain that much 

of water. 

The tree of the water jug problem can be like: 
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Comments: 

 This problem takes a lot of time to find the goal state. 

 This process of searching in this problem is very lengthy. 

 At each step of the problem the user have to strictly follow the production rules. 

Otherwise the problem may go to infinity step. 

Search strategies : 

 State space search is a process used in which successive or states of an instance are considered, 

with the goal of finding a goal state with a desired property.  

 State space search often differs from traditional search (sequential, indexed sequential, binary search 

etc) methods because the state space is implicit: the typical state space graph is much too large to 

generate and store in memory. Instead, nodes are generated as they are explored, and typically 

discarded thereafter.  
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 E.g. in a tic tack toe game, every move by a player forms a state space and the three similar 

(O or X) consecutive (row, column or diagonal) symbols forms goal state.  

 In a chess game also state space forms a set of moves by players.   

The water jug problem: You are given two jugs, a 4-litre one and a 3-litre one. Neither has 

any measuring markers on it. There is a pump that can be used to fill the jugs with water. 

How can you get exactly 2 litres of water into 4-litre jug. 

 Let x and y be the amounts of water in 4-Lt and 3-Lt Jugs respectively  

Then (x,y) refers to water available at any time in 4-Lt and 3-Lt jugs.  

Also (x,y) (x-d,y+dd) means drop some unknown amount d of water from 4-Lt jug and add 

dd onto 3-Lt jug.  

All possible production rules can be written as follows 

1. (x, y) → (4, y) if x <4,fill it to 4;remains unchanged 

   If x<4 

2. (x, y) → (x, 3) if y<3, fill it to 4;remains unchanged 

if y < 3 

3. (x, y) → (x − d, y) if there is some water in 4 Lt jug, drop if x > 0 some more water from it  

    If x>0 

4. (x, y) → (x, y − d) if there is some water in 3 Lt jug, drop if y > 0 some more water from it 

   If y>0 

5. (x, y) → (0, y) if there is some water in 4-Lt, empty it, y remains unchanged 

 if x > 0  

6. (x, y)→ (x, 0) if there is some water in 3-Lt, empty it, x remains unchanged 

 if y > 0 

 7. (x, y) → (4, y − (4 − x))  if there is some water in 3-Lt, the sum of  

if x + y ≥ 4, y > 0  water of 4-Lt and 3-Lt jug is >=4, then fill water in 4-Lt jug to 

its capacity from 3-Lt jug  

8. (x, y) → (x − (3 − y), 3) same as 7 with suitable change in x,y  

if x + y ≥ 3, x > 0  

9. (x, y) → (x + y, 0) if sum of water in both jugs <=4, then drop 

 if x + y ≤ 4, y > 0 whole water from 3-Lt into 4-Lt  
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10. (x, y) → (0, x + y) if sum of water in both jugs <=3, then drop if x + y ≤ 3, x > 0 whole 

water from 4-Lt into 3-Lt  

11. (0, 2) → (2, 0) Transfer 2-Lt from 3-Lt jug into empty 4-Lt jug  

12. (2, y) → (0, y) Empty 2 Lt water onto ground from 4-Lt jug without disturbing 3 Lt jug 

Solution of Water Jug Problem  

Obviously to solve water jug problem, we can perform following sequence of actions, (0,0) 

(0,3) (3,0) (3,3) (4,2) (0,2) (2,0)  

By applying rules 2,9,2,7,5 and 9 with initial empty jugs. 

Problem characteristics 

 To choose an appropriate method for a particular problem: 

• Is the problem decomposable? 

• Can solution steps be ignored or undone? 

• Is the universe predictable? 

• Is a good solution absolute or relative? 

• Is the solution a state or a path? 

• What is the role of knowledge? 

• Does the task require human-interaction? 

Is the problem decomposable? 

 Can the problem be broken down to smaller problems to be solved independently? 

Decomposable problem can be solved easily 
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CLEAR(x)  ON(x, Table) 
CLEAR(x) and CLEAR(y)  ON(x, y) 
 

 
Can solution steps be ignored or undone? 
  

Theorem Proving 

A lemma that has been proved can be ignored for next steps. 
Ignorable! 
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Moves can be undone and backtracked. 

Recoverable! 
 

Playing Chess 
Moves cannot be retracted. 
Irrecoverable! 
 

• Ignorable problems can be solved using a simple  control structure that never 
backtracks. 

• Recoverable problems can be solved using backtracking. 
• Irrecoverable problems can be solved by recoverable style methods via planning. 

 
Is the universe predictable? 

 
The 8-Puzzle 
Every time we make a move, we know exactly what will  happen.  

 
Certain outcome! 
 
Playing Bridge 
We cannot know exactly where all the cards are or what  the other players will do 

on their turns.  
 
Uncertain outcome! 
 

• For certain-outcome problems, planning can used to generate a sequence of 
operators that is guaranteed to lead to a solution.  

• For uncertain-outcome problems, a sequence of generated operators can only have 
a good probability of leading to a solution. 
 Plan revision is made as the plan is carried out and the necessary feedback is 

provided. 
 

 
Is a good solution absolute or relative? 
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1. Marcus was a man.  
2. Marcus was a Pompeian. 
3. Marcus was born in 40 A.D. 
4. All men are mortal. 
5. All Pompeians died when the volcano  
 erupted in 79 A.D. 
6. No mortal lives longer than 150 years. 
7. It is now 2004 A.D 
 
Is Marcus alive?  
 Different reasoning paths lead to the answer. It does not matter which path we follow. 

The Travelling Salesman Problem 

We have to try all paths to find the shortest one.  

• Any-path problems can be solved using heuristics that suggest good paths to 
explore.  

• For best-path problems, much more exhaustive search will be performed. 

Is the solution a state or a path? 

 Finding a consistent intepretation  

“The bank president ate a dish of pasta salad with the fork”.  

– “bank” refers to a financial situation or to a side of a river? 

– “dish” or “pasta salad” was eaten? 

– Does “pasta salad” contain pasta, as “dog food” does not contain “dog”? 

– Which part of the sentence does “with the fork” modify? 

 What if “with vegetables” is there? 

No record of the processing is necessary. 

The Water Jug Problem 

The path that leads to the goal must be reported.  

• A path-solution problem can be reformulated as a state-solution problem by 
describing a state as a partial path to a solution.  

• The question is whether that is natural or not. 

What is the role of knowledge? 
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Playing Chess 

Knowledge is important only to constrain the search for a solution.  

Reading Newspaper 

Knowledge is required even to be able to recognize a  solution.  

Does the task require human-interaction? 

• Solitary problem, in which there is no intermediate communication and no demand 

for an explanation of the reasoning process.  

• Conversational problem, in which intermediate communication is to provide either 
additional assistance to the computer or additional information to the user. 

Production System characteristics 

Features of Production System: 
 
Some of the main features of production system are: 
 
Expressiveness and intuitiveness: In real world, many times situation comes like “if this 
happen-you will do that”, “if this is so-then this should happen” and many more. The 
production rules essentially tell us what to do in a given situation. 
 
1. Simplicity: The structure of each sentence in a production system is unique and uniform 
as they use “IF-THEN” structure. This structure provides simplicity in knowledge 
representation. This feature of production system improves the readability of production 
rules. 
 
2. Modularity: This means production rule code the knowledge available in discrete pieces. 
Information can be treated as a collection of independent facts which may be added or 
deleted from the system with essentially no deletetious side effects. 
 
3. Modifiability: This means the facility of modifying rules. It allows the development of 
production rules in a skeletal form first and then it is accurate to suit a specific application. 
4. Knowledge intensive: The knowledge base of production system stores pure knowledge. 
This part does not contain any type of control or programming information. Each 
production rule is normally written as an English sentence; the problem of semantics is 
solved by the very structure of the representation. 
 
 
Disadvantages of production system: 
 
1. Opacity: This problem is generated by the combination of production rules. The opacity 
is generated because of less prioritization of rules. More priority to a rule has the less 
opacity. 
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2. Inefficiency: During execution of a program several rules may active. A well devised 
control strategy reduces this problem. As the rules of the production system are large in 
number and they are hardly written in hierarchical manner, it requires some forms of 
complex search through all the production rules for each cycle of control program. 
 
3. Absence of learning: Rule based production systems do not store the result of the 
problem for future use. Hence, it does not exhibit any type of learning capabilities. So for 
each time for a particular problem, some new solutions may come. 
 
4. Conflict resolution: The rules in a production system should not have any type of 
conflict operations. When a new rule is added to a database, it should ensure that it does 
not have any conflicts with the existing rules 

 

Specialized production system 

Missionaries and Carnivals Problem 
 

Definition: 

 

In Missionaries and Carnivals Problem, initially there are some missionaries and 

some carnivals will be at a sideof a river. They want to cross the river. But there is only one 

boat available to cross the river. The capacity of the boat is 2 and no one missionary or no 

Carnivals can cross the river together. So for solving the problem and to find out the 

solution on different states is called the Missionaries and Carnival Problem. 

 

Procedure: 

Let us take an example. Initially a boatman, Grass, Tiger and Goat is present at the left bank 

of the river and want to cross it. The only boat available is one capable of carrying 2 objects 

of portions at a time. The condition of safe crossing is that at no time the tiger present with 

goat, the goat present with the grass at the either side of the river. How they will cross the 

river? 

 

The objective of the solution is to find the sequence of their transfer from one bank 

of the river to the other using the boat sailing through the river satisfying these constraints. 

 

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



Let us use different representations for each of the missionaries and Carnivals as 

follows. 

B: Boat 

T: Tiger 

G: Goat 

Gr: Grass 

Step 1: 

According to the question, this step will be (B, T, G, Gr) as all the Missionaries and the 

Carnivals are at one side of the bank of the river. Different states from this state can be 

implemented as 

 

 

 

`The states (B, T, O, O) and (B, O, O, Gr) will not be countable because at a time the Boatman 

and the Tiger or the Boatman and grass cannot go. (According to the question). 

 

Step 2: 

Now consider the current state of step-1 i.e. the state (B, O, G, O). The state is the 

right side of the river. 

  So on the left side the state may be (B, T, O, Gr) 

i.e._B,O,G,O_ _ _B, T, O, Gr_ 

(Right) (Left) 
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Step 3: 

Now proceed according to the left and right sides of the river such that the condition 

of the problem must be satisfied. 

 

 

 

 

Step 4: 

First, consider the first current state on the right side of step 3 i.e. 

 

Now consider the second current state on the right side of step-3 i.e. 
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Step 5: 

 

Now first consider the first current state of step 4 i.e. 

 

Step 6: 

 

Step 7: 

 

Hence the final state will be (B, T, G, Gr) which are on the right side of the river. 

Comments: 

_ This problem requires a lot of space for its state implementation. 

_ It takes a lot of time to search the goal node. 

_ The production rules at each level of state are very strict. 
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Chess Problem 

Definition: 

It is a normal chess game. In a chess problem, the start is the initial configuration of 

chessboard. The final state is the any board configuration, which is a winning position for 

any player. There may be multiple final positions and each board configuration can be 

thought of as representing a state of the game. Whenever any player moves any piece, it 

leads to different state of game. 

 

Procedure: 

 

The above figure shows a 3x3 chessboard with each square labeled with integers 1 

to 9. We simply enumerate the alternative moves rather than developing a general move 

operator because of the reduced size of the problem. Using a predicate called move in 

predicate calculus, whose parameters are the starting and ending squares, we have 

described the legal moves on the board. For example, move (1, 8) takes the knight from the 

upper left-hand corner to the middle of the bottom row. While playing Chess, a knight can 

move two squares either horizontally or vertically followed by one square in an orthogonal 

direction as long as it does not move off the board. 

The all possible moves of figure are as follows. 

Move (1, 8) move (6, 1) 

Move (1, 6) move (6, 7) 

Move (2, 9) move (7, 2) 

Move (2, 7) move (7, 6) 

Move (3, 4) move (8, 3) 
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Move (3, 8) move (8, 1) 

Move (4, 1) move (9, 2) 

Move (4, 3) move (9, 4) 

The above predicates of the Chess Problem form the knowledge base for this problem. An 

unification algorithm is used to access the knowledge base. 

 

Suppose we need to find the positions to which the knight can move from a 

particular location, square 2. 

The goal move (z, x) unifies with two different predicates in the knowledge base, 

with the substitutions {7/x} and {9/x}. Given the goal move (2, 3), the responsible is failure, 

because no move (2, 3) exists in the knowledge base. 

 

Comments: 

_ In this game a lots of production rules are applied for each move of the square on 

the chessboard. 

_ A lots of searching are required in this game. 

_ Implementation of algorithm in the knowledge base is very important. 

8- Queen Problem 

Definition: 

 

“We have 8 queens and an 8x8 Chess board having alternate black and white 

squares. The queens are placed on the chessboard. Any queen can attack any other queen 

placed on same row, or column or diagonal. We have to find the proper placement of 

queens on the Chess board in such a way that no queen attacks other queen”. 
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Procedure: 

Figure A possible board configuration of 8 queen problem In figure , the possible 

board configuration for 8-queen problem has been shown. The board has alternative black 

and white positions on it. The different positions on the board hold the queens. The 

production rule for this game is you cannot put the same queens in a same row or same 

column or in same diagonal. After shifting a single queen from its position on the board, the 

user have to shift other queens according to the production rule. Starting from the first row 

on the board the queen of their corresponding row and column are to be moved from their 

original positions to another position. Finally the player has to be ensured that no rows or 

columns or diagonals of on the table is same. 

Comments: 

_ This problem requires a lot of space to store the board. 

_ It requires a lot of searching to reach at the goal state. 

_ The time factor for each queen’s move is very lengthy. 

_ The problem is very strict towards the production rules. 

Problem Solving Methods  

Heuristics Functions 

Generate-and-Test  

Algorithm  

1. Generate a possible solution.  
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2. Test to see if this is actually a solution. 

 3. Quit if a solution has been found. Otherwise, return to step 1. 

• Acceptable for simple problems. 

• Inefficient for problems with large space 

Exhaustive generate-and-test.  

• Heuristic generate-and-test: not consider paths that seem unlikely to lead to a solution. 

 • Plan generate-test:  

− Create a list of candidates.  

− Apply generate-and-test to that list. 

Example: coloured blocks  

“Arrange four 6-sided cubes in a row, with each side of each cube painted one of four 

colours, such that on all four sides of the row one block face of each colour is showing.” 

Heuristic: if there are more red faces than other colours then, when placing a block with 

several red faces, use few of them as possible as outside faces. 

 

Hill Climbing 

 Searching for a goal state  here is Climbing to the top of a hill. 

Hill climbing means Generate-and-test + direction to move. 

 • Heuristic function to estimate how close a given state is to a goal state. 

Simple Hill Climbing Algorithm  

1. Evaluate the initial state.  

2. Loop until a solution is found or there are no new operators left to be applied:  

− Select and apply a new operator  

− Evaluate the new state:  

goal → quit  

better than current state → new current state  

Algorithm  

1. Evaluate the initial state.  

2. Loop until a solution is found or there are no new operators left to be applied:  

− Select and apply a new operator  

− Evaluate the new state:  
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goal → quit  

better than current state → new current state not try all possible new states! 

 

Example: coloured blocks  

Heuristic function: the sum of the number of different colours on each of the four sides 

(solution = 16) 

Heuristic function as a way to inject task-specific knowledge into the control process. 

Steepest-Ascent Hill Climbing (Gradient Search)  

• Considers all the moves from the current state.  

• Selects the best one as the next state. 

Algorithm  

1. Evaluate the initial state.  

2. Loop until a solution is found or a complete iteration produces no change to current 

state: 

 − Apply all the possible operators 

 − Evaluate the best new state:  

goal → quit  

better than current state → new current state. 

 

Algorithm 

 1. Evaluate the initial state.  

2. Loop until a solution is found or a complete iteration produces no change to current 

state:  

− SUCC = a state such that any possible successor of the current state will be better than 

SUCC (the worst state). 

 − For each operator that applies to the current state, evaluate the new state:  

goal → quit  

better than SUCC → set SUCC to this state 

 − SUCC is better than the current state → set the new current state to SUCC. 

Hill Climbing:  

Disadvantages  
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Local maximum A state that is better than all of its neighbours, but not better than 

some other states far away. 

 

 

Plateau 

 A flat area of the search space in which all neighbouring states have the same value. 

 

 

Ridge 

 The orientation of the high region, compared to the set of available moves, makes it 

impossible to climb up. However, two moves executed serially may increase the height. 
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Ways Out  

• Backtrack to some earlier node and try going in a different direction.  

• Make a big jump to try to get in a new section. 

 • Moving in several directions at once. 

 Hill climbing is a local method:  

Decides what to do next by looking only at the “immediate” consequences of its 

choices.  

• Global information might be encoded in heuristic functions. 

Hill Climbing: Blocks World 
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Local heuristic: 

 +1 for each block that is resting on the thing it is supposed to be resting on.  

−1 for each block that is resting on a wrong thing. 
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Global heuristic:  

For each block that has the correct support structure:  

+1 to every block in the support structure. For each block that has a wrong support 

structure:  

−1 to every block in the support structure. 
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Searching 

Breadth First Search (BFS): 
Breadth first search is a general technique of traversing a graph. Breadth first search 

may use more memory but will always find the shortest path first. In this type of search the 

state space is represented in form of a tree. The solution is obtained by traversing through 

the tree. The nodes of the tree represent the start value or starting state, various 

intermediate states and the final state. In this search a queue data structure is used and it is 

level by level traversal. Breadth first search expands nodes in order of their distance from 

the root. It is a path finding algorithm that is capable of always finding the solution if one 

exists. The solution which is found is always the optional solution. This task is completed in 

a very memory intensive manner. Each node in the search tree is expanded in a breadth 

wise at each level. 

 

Concept: 
Step 1: Traverse the root node 

Step 2: Traverse all neighbours of root node. 

Step 3: Traverse all neighbours of neighbours of the root node. 

Step 4: This process will continue until we are getting the goal node. 

 
Algorithm: 
Step 1: Place the root node inside the queue. 

Step 2: If the queue is empty then stops and return failure. 

Step 3: If the FRONT node of the queue is a goal node then stop and return success. 

Step 4: Remove the FRONT node from the queue. Process it and find all its neighbours that 

are in ready 

state then place them inside the queue in any order. 

Step 5: Go to Step 3. 

Step 6: Exit. 

Implementation: 
Let us implement the above algorithm of BFS by taking the following suitable example. 
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Consider the graph in which let us take A as the starting node and F as the goal node (*) 

Step 1: 

Place the root node inside the queue i.e. A 

 

 
Step 2: 

Now the queue is not empty and also the FRONT node i.e. A is not our goal node. So move to 

step 3. 

Step 3: 

So remove the FRONT node from the queue i.e. A and find the neighbour of A i.e. B and C 

 
Step 4: 

Now b is the FRONT node of the queue .So process B and finds the neighbours of B i.e. D. 

 
Step 5: 

Now find out the neighbours of C i.e. E 

 
Step 6: 

Next find out the neighbours of D as D is the FRONT node of the queue 
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Step 7: 

Now E is the front node of the queue. So the neighbour of E is F which is our goal node. 

F E 

 
Step 8: 

Finally F is our goal node which is the FRONT of the queue. So exit. 

 
Advantages: 

_ In this procedure at any way it will find the goal. 

_ It does not follow a single unfruitful path for a long time. 

_ It finds the minimal solution in case of multiple paths. 

 

Disadvantages: 

_ BFS consumes large memory space. 

_ Its time complexity is more. 

_ It has long pathways, when all paths to a destination are on approximately the same 

search depth. 

 

 

 

 

Depth First Search (DFS) 

DFS is also an important type of uniform search. DFS visits all the vertices in the 

graph. This type of algorithm always chooses to go deeper into the graph. After DFS visited 

all the reachable vertices from a particular sources vertices it chooses one of the remaining 

undiscovered vertices and continues the search. 

DFS reminds the space limitation of breath first search by always generating next a 

child of the deepest unexpanded nodded. The data structure stack or last in first out (LIFO) 

is used for DFS. One interesting property of DFS is that, the discover and finish time of each 

vertex from a parenthesis structure. If we use one open parenthesis when a vertex is 

finished then the result is properly nested set of parenthesis. 
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Concept: 

Step 1: Traverse the root node. 

Step 2: Traverse any neighbour of the root node. 

Step 3: Traverse any neighbour of neighbour of the root node. 

Step 4: This process will continue until we are getting the goal node. 

 

Algorithm: 

Step 1: PUSH the starting node into the stack. 

Step 2: If the stack is empty then stop and return failure. 

Step 3: If the top node of the stack is the goal node, then stop and return success. 

Step 4: Else POP the top node from the stack and process it. Find all its neighbours that are 

in ready state 

and PUSH them into the stack in any order. 

Step 5: Go to step 3. 

Step 6: Exit. 

 

Implementation: 

Let us take an example for implementing the above DFS algorithm. 

 

 
Consider A as the root node and L as the goal node in the graph figure 

Step 1: PUSH the starting node into the stack i.e. 

 
Step 2: Now the stack is not empty and A is not our goal node. Hence move to next step. 

Step 3: POP the top node from the stack i.e. A and find the neighbours of A i.e. B and C. 

 
Step 4: Now C is top node of the stack. Find its neighbours i.e. F and G. 
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Step 5: Now G is the top node of the stack. Find its neighbour i.e. M 

 
Step 6: Now M is the top node and find its neighbour, but there is no neighbours of M in the 

graph so 

POP it from the stack. 

 
Step 7: Now F is the top node and its neighbours are K and L. so PUSH them on to the stack. 

 
Step 8: Now L is the top node of the stack, which is our goal node. 

 
 

Also you can traverse the graph starting from the root A and then insert in the order C and 

B into the stack.  

 

Advantages: 
_ DFSconsumes very less memory space. 
_ It will reach at the goal node in a less time period than BFS if it traverses in a right path. 
_ It may find a solution without examining much of search because we may get the desired 
solution in the very first go. 
 
Disadvantages: 
_ It is possible that may states keep reoccurring. 
_ There is no guarantee of finding the goal node. 
_ Sometimes the states may also enter into infinite loops. 

Difference between BFS and DFS: 
 
BFS 
_ It uses the data structure queue. 
_ BFS is complete because it finds the solution if one exists. 
_ BFS takes more space i.e. equivalent to o (b0) where b is the maximum breath exist in a 
search tree and d is the maximum depth exit in a search tree. 
_ In case of several goals, it finds the best one. 
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DFS 
_ It uses the data structure stack. 
_ It is not complete because it may take infinite loop to reach at the goal node. 
_ The space complexity is O (d). 
_ In case of several goals, it will terminate the solution in any order. 

 

Best First Search 
Best first search is an instance of graph search algorithm in which a node is selected 

for expansion based o evaluation function f (n). Traditionally, the node which is the lowest 
evaluation is selected for the explanation because the evaluation measures distance to the 
goal. Best first search can be implemented within general search frame work via a priority 
queue, a data structure that will maintain the fringe in ascending order of f values. This 
search algorithm serves as combination of depth first and breadth first search algorithm. 
Best first search algorithm is often referred greedy algorithm this is because they quickly 
attack the most desirable path as soon as its heuristic weight becomes the most desirable. 

 
Concept: 
Step 1: Traverse the root node 
Step 2: Traverse any neighbour of the root node, that is maintaining a least distance from 
the root node and insert them in ascending order into the queue. 
Step 3: Traverse any neighbour of neighbour of the root node, that is maintaining a least 
distance from the root node and insert them in ascending order into the queue 
Step 4: This process will continue until we are getting the goal node. 
 
Algorithm: 
Step 1: Place the starting node or root node into the queue. 
Step 2: If the queue is empty, then stop and return failure. 
Step 3: If the first element of the queue is our goal node, then stop and return success. 
Step 4: Else, remove the first element from the queue. Expand it and compute the estimated 
goal distance for each child. Place the children in the queue in ascending order to the goal 
distance. 
Step 5: Go to step-3 
Step 6: Exit. 
 
Implementation: 
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Let us solve an example for implementing above BFS algorithm. 

Step 1: 
Consider the node A as our root node. So the first element of the queue is A whish is not our 
goal node, 
so remove it from the queue and find its neighbour that are to inserted in ascending order. 

 
Step 2: 
The neighbours of A are B and C. They will be inserted into the queue in ascending order. 

 
Step 3: 
Now B is on the FRONT end of the queue. So calculate the neighbours of B that are 
maintaining a least 
distance from the roof. 

 
Step 4: 
Now the node F is on the FRONT end of the queue. But as it has no further children, so 
remove it from 
the queue and proceed further. 

 
Step 5: 
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Now E is the FRONT end. So the children of E are J and K. Insert them into the queue in 
ascending order 

 
Step 6: 
Now K is on the FRONT end and as it has no further children, so remove it and proceed 
further 

 
Step7: 
Also, J has no corresponding children. So remove it and proceed further. 

 
Step 8: 
Now D is on the FRONT end and calculates the children of D and put it into the queue. 

 
Step9: 
Now I is the FRONT node and it has no children. So proceed further after removing this 
node from the 
queue. 

 
Step 10: 
Now C is the FRONT node .So calculate the neighbours of C that are to be inserted in 
ascending order 
into the queue. 

 
 
 
 
Step 11: 
Now remove G from the queue and calculate its neighbor that is to insert in ascending 
order into the 
queue. 
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Step12: 
Now M is the FRONT node of the queue which is our goal node. So stop here and exit. 

 
 
Advantage: 
_ It is more efficient than that of BFS and DFS. 
_ Time complexity of Best first search is much less than Breadth first search. 
_ The Best first search allows us to switch between paths by gaining the benefits of both 
breadth first and depth first search. Because, depth first is good because a solution can be 
found without computing all nodes and Breadth first search is good because it does not get 
trapped in dead ends. 
 
Disadvantages: 
Sometimes, it covers more distance than our consideration. 
 
A* SEARCH 

A* is a cornerstone name of many AI systems and has been used since it was 
developed in 1968 by Peter Hart; Nils Nilsson and Bertram Raphael. It is the combination of 
Dijkstra’s algorithm and Best first search. It can be used to solve many kinds of problems. 
A* search finds the shortest path through a search space to goal state using heuristic 
function. This technique finds minimal cost solutions and is directed to a goal state called 
A* search. In A*, the * is written for optimality purpose. The A* algorithm also finds 
the lowest cost path between the start and goal state, where changing from one state to 
another requires some cost. A* requires heuristic function to evaluate the cost of path that 
passes through the particular state. This algorithm is complete if the branching factor is 
finite and every action has fixed cost. A* 
requires heuristic function to evaluate the cost of path that passes through the particular 
state. It can be defined by following formula. 
 

f (n)= g(n) + h (n) 
Where 
g(n): The actual cost path from the start state to the current state. 
h (n): The actual cost path from the current state to goal state. 
f (n): The actual cost path from the start state to the goal state. 
 
For the implementation of A* algorithm we will use two arrays namely OPEN and CLOSE. 
OPEN: 

An array which contains the nodes that has been generated but has not been yet 
examined. 
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CLOSE: 
An array which contains the nodes that have been examined. 

 
Algorithm: 
 
Step 1: Place the starting node into OPEN and find its f (n) value. 

Step 2: Remove the node from OPEN, having smallest f (n) value. If it is a goal node then 

stop and return success. 

Step 3: Else remove the node from OPEN, find all its successors. 

Step 4: Find the f (n) value of all successors; place them into OPEN and place the removed 

node into CLOSE. 

Step 5: Go to Step-2. 

Step 6: Exit. 

Implementation: 
The implementation of A* algorithm is 8-puzzle game. 
 

8- Puzzle Problem 

 
Definition: 

 

“It has set off a 3x3 board having 9 block spaces out of which 8 blocks having tiles bearing 
number from 1 to 8. One space is left blank. The tile adjacent to blank space can move into 
it. We have to arrange the tiles in a sequence for getting the goal state”. 
 
Procedure: 
The 8-puzzle problem belongs to the category of “sliding block puzzle” type of problem. 
The 8-puzzle is a square tray in which eight square tiles are placed. The remaining ninth 
square is uncovered. Each tile in the tray has a number on it. A tile that is adjacent to blank 
space can be slide into that space. The game consists of a starting position and a specified 
goal position. The goal is to transform the starting position into the goal position by sliding 
the tiles around. The control mechanisms for an 8-puzzle solver must keep track of the 
order in which operations are performed, so that the operations can be undone one at a 
time if necessary. The objective of the puzzles is to find a sequence of tile movements that 
leads from a starting configuration to a goal configuration such as two situations given 
below. 
 
Figure    (Starting State)        (Goal State) 

  
The state of 8-puzzle is the different permutation of tiles within the frame. The operations 
are the permissible moves up, down, left, right. Here at each step of the problem a function 
f(x) will be defined which is the combination of g(x) and h(x). 
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Where 
g (x): how many steps in the problem you have already done or the current state from the 
initial state. 
h (x): Number of ways through which you can reach at the goal state from the current state 
or h (x)is the heuristic estimator that compares the current state with the goal state note 
down how many states are displaced from the initial or the current state. After calculating 
the f (x) value at each step finally take the smallest f (x) value at every step and choose that 
as the next current state to get the goal state. 
 
Advantages: 
 
_ It is complete and optimal. 

_ It is the best one from other techniques. 

_ It is used to solve very complex problems. 

_ It is optimally efficient, i.e. there is no other optimal algorithm guaranteed to expand 

fewer nodes than A*. 

 
Disadvantages: 
 
_ This algorithm is complete if the branching factor is finite and every action has fixed cost. 

_ The speed execution of A* search is highly dependant on the accuracy of the heuristic 

algorithm that is used to compute h (n). 

_ It has complexity problems. 

 

AO* Search: (And-Or) Graph: 

 

The Depth first search and Breadth first search given earlier for OR trees or graphs 

can be easily adopted by AND-OR graph. The main difference lies in the way termination 

conditions are determined, since all goals following an AND nodes must be realized; where 

as a single goal node following an OR node will do. So for this purpose we are using AO* 

algorithm. 

Like A* algorithm here we will use two arrays and one heuristic function. 

OPEN: 

It contains the nodes that has been traversed but yet not been marked solvable or 

unsolvable. 

CLOSE: 

It contains the nodes that have already been processed. 
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h(n):The distance from current node to goal node. 

 

Algorithm: 

Step 1: Place the starting node into OPEN. 

Step 2: Compute the most promising solution tree say T0. 

Step 3: Select a node n that is both on OPEN and a member of T0. Remove it from OPEN and 

place it in CLOSE 

Step 4: If n is the terminal goal node then leveled n as solved and leveled all the ancestors 

of n as solved. 

If the starting node is marked as solved then success and exit. 

Step 5: If n is not a solvable node, then mark n as unsolvable. If starting node is marked as 

unsolvable, then return failure and exit. 

Step 6: Expand n. Find all its successors and find their h (n) value, push them into OPEN. 

Step 7: Return to Step 2. 

Step 8: Exit. 

 

Implementation: 

Let us take the following example to implement the AO* algorithm. 

 

 
 

Step 1: 

In the above graph, the solvable nodes are A, B, C, D, E, F and the unsolvable nodes are G, H. 

Take A as 

the starting node. So place A into OPEN. 
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Step 2: 

A f A 

The children of A are B and C which are solvable. So place them into OPEN and place A into 

the 

CLOSE. 

 
Step 3: 

Now process the nodes B and C. The children of B and C are to be placed into OPEN. Also 

remove B and 

C from OPEN and place them into CLOSE. 

 
Step 4: 

As the nodes G and H are unsolvable, so place them into CLOSE directly and process the 

nodes D and E. 
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Step 5: 

Now we have been reached at our goal state. So place F into CLOSE. 

 

i.e.CLOSE=  

 

Step 6: 
Success and Exit 

 

AO* Graph: 

 
Advantages: 
 
_ It is an optimal algorithm. 
_ If traverse according to the ordering of nodes. 
_ It can be used for both OR and AND graph. 
 
Disadvantages: 
_ Sometimes for unsolvable nodes, it can’t find the optimal path. 
_ Its complexity is than other algorithms. 
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CONSTRAINT SATISFACTION PROBLEMS(CSP) 
 
A Constraint Satisfaction Problem(or CSP) is defined by a set of variables ,X1,X2,….Xn,and a 
set of constraints C1,C2,…,Cm. Each variable Xi has a nonempty domain D,of possible 
values. 
Each constraint Ci involves some subset of variables and specifies the allowable 
combinations of values for that subset. 
 
A State of the problem is defined by an assignment of values to some or all of the 
variables,{Xi = vi,Xj = vj,…}. An assignment that does not violate any constraints is called a 
consistent or legal assignment. A complete assignment is one in which every variable is 
mentioned,and a solution to a CSP is a complete assignment that satisfies all the 
constraints. 
Some CSPs also require a solution that maximizes an objective function. 
Example for Constraint Satisfaction Problem : 
 
The below figure shows the map of Australia showing each of its states and territories. We 
are given the task of coloring each region either red,green,or blue in such a way that the 
neighboring regions have the same color. To formulate this as CSP ,we define the variable 
to be the regions :WA,NT,Q,NSW,V,SA, and T. The domain of each variable is the set 
{red,green,blue}. 
The constraints require neighboring regions to have distinct colors;for example,the 
allowable combinations for WA and NT are the pairs 
{(red,green),(red,blue),(green,red),(green,blue),(blue,red),(blue,green)}. 
 
The constraint can also be represented more succinctly as the inequality WA not = 
NT,provided the constraint satisfaction algorithm has some way to evaluate such 
expressions.) There are many possible solutions such as 
{ WA = red, NT = green,Q = red, NSW = green, V = red ,SA = blue,T = red}. 
It is helpful to visualize a CSP as a constraint graph,as shown in Figure 2.15(b). The nodes 
of the graph corresponds to variables of the problem and the arcs correspond to 
constraints. 
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Figure : (a) Principle states and territories of Australia. Coloring this map can be viewed as 
aconstraint satisfaction problem. The goal is to assign colors to each region so that no 
neighboring regions have the same color. 
 

  
Figure : (b) The map coloring problem represented as a constraint graph. 
 
CSP can be viewed as a standard search problem as follows : 

  Initial state : the empty assignment {},in which all variables are unassigned. 
  Successor function : a value can be assigned to any unassigned variable,provided 

that it does not conflict with previously assigned variables. 
 Goal test : the current assignment is complete. 
  Path cost : a constant cost(E.g.,1) for every step. 

Every solution must be a complete assignment and therefore appears at depth n if there are 
n variables. 
Depth first search algorithms are popular for CSPs 
Varieties of CSPs 
(i) Discrete variables 
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Finite domains 
The simplest kind of CSP involves variables that are discrete and have finite domains. Map 

coloring problems are of this kind. The 8-queens problem can also be viewed as finite-

domain CSP,where the variables Q1,Q2,…..Q8 are the positions each queen in columns 1,….8 

and each variable has the domain {1,2,3,4,5,6,7,8}. If the maximum domain size of any 

variable in a CSP is d,then the number of possible complete assignments is O(dn) – that 

is,exponential in the number of variables. Finite domain CSPs include Boolean CSPs,whose 

variables can be either true or false. 

 

Infinite domains 

Discrete variables can also have infinite domains – for example,the set of integers or 

the set of strings. With infinite domains,it is no longer possible to describe constraints by 

enumerating all allowed combination of values. Instead a constraint language of algebric 

inequalities such as  

Startjob1 + 5 <= Startjob3. 

 

(ii) CSPs with continuous domains 

CSPs with continuous domains are very common in real world. For example ,in operation 

research field,the scheduling of experiments on the Hubble Telescope requires very precise 

timing of observations; the start and finish of each observation and maneuver are 

continuous-valued variables that must obey a variety of astronomical,precedence and 

power constraints. The best known category of continuous-domain CSPs is that of linear 

programming problems,where the constraints must be linear inequalities forming a convex 

region. Linear programming problems can be solved in time polynomial in the number of 

variables. 

Varieties of constraints : 

(i) unary constraints involve a single variable. 

Example : SA # green 

(ii) Binary constraints involve paris of variables. 

Example : SA # WA 

(iii) Higher order constraints involve 3 or more variables. 
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Example : cryptarithmetic puzzles. 

 
Figure :Cryptarithmetic problem. Each letter stands for a distinct digit;the aim is to 
find a substitution of digits for letters such that the resulting sum is arithmetically 
correct,with the added restriction that no leading zeros are allowed. (b) The constraint 
hypergraph for the cryptarithmetic problem,showint the Alldiff constraint as well as the 
column addition constraints. Each constraint is a square box connected to the variables it 
contains. 
 
Related Algorithms 
 
Missionaries and Carnivals Problem 

Definition: 
In Missionaries and Carnivals Problem, initially there are some missionaries and some 
carnivals will be at a sideof a river. They want to cross the river. But there is only one boat 
available to cross the river. The capacity of the boat is 2 and no one missionary or no 
Carnivals can cross the river together. So for solving the problem and to find out the 
solution on different states is called the Missionaries and Carnival Problem. 
 
 
 
 
Procedure: 
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Let us take an example. Initially a boatman, Grass, Tiger and Goat is present at the left bank 
of the river and want to cross it. The only boat available is one capable of carrying 2 objects 
of portions at a time. The condition of safe crossing is that at no time the tiger present with 
goat, the goat present with the grass at the either side of the river.  
 
How they will cross the river? 

The objective of the solution is to find the sequence of their transfer from one bank 
of the river to the other using the boat sailing through the river satisfying these constraints. 

 
Let us use different representations for each of the missionaries and Carnivals as 

follows. 
B: Boat 

T: Tiger 

G: Goat 

Gr: Grass 

Step 1: 
According to the question, this step will be (B, T, G, Gr) as all the Missionaries and the 
Carnivals are at one side of the bank of the river. Different states from this state can be 
implemented as 

 
The states (B, T, O, O) and (B, O, O, Gr) will not be countable because at a time the Boatman 
and the Tiger or the Boatman and grass cannot go. (According to the question). 
 
Step 2: 
Now consider the current state of step-1 i.e. the state (B, O, G, O). The state is the right side 
of the river. So on the left side the state may be  (B, T, O, Gr) 
i.e._ (B, O, G, O) ->(B, T, O, Gr) 

(Right)  (Left) 
Step 3: 
Now proceed according to the left and right sides of the river such that the condition of the 
problem must be satisfied. 
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Step 4: 
First, consider the first current state on the right side of step 3 i.e. 

 
Now consider the second current state on the right side of step-3 i.e. 

 
Step 5: 
Now first consider the first current state of step 4 i.e. 
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Step 6: 
 

 
 

Step 7: 
 

 
 

Hence the final state will be (B, T, G, Gr) which are on the right side of the river. 

 

Comments: 
• This problem requires a lot of space for its state implementation. 

• It takes a lot of time to search the goal node. 

• The production rules at each level of state are very strict. 

 

Tower of Hanoi Problem 
 
Definition: 
“We are given a tower of eight discs (initially) four in the applet below, initially stacked in 
increasing size on one of three pegs. The objective is to transfer the entire tower to one of 
the other pegs (the right most one in the applet below), moving only one disc at a time and 
never a larger one onto a smaller”. 
 
Procedure: 
 

The tower of Hanoi puzzle was invented by the French mathematician Eduardo 
Lucas in 1883. The puzzle is well known to students of computer science since it appears in 
virtually any introductory text on data structure and algorithms. 

The objective of the puzzle is to move the entire stack to another rod, obeying the 
following rules. 

 
_ Only one disc can be moved at a time. 
_ Each move consist of taking the upper disc from one of the rods and sliding it onto             
another rod, on top of the other discs that may already be present on that rod. 
_ No disc may be placed on the top of a smaller disk. 

There is a legend about a Vietnamese temple which contains a large room with three 
times. Worn posts in it surrounded by 64 golden disks. The priests of Hanoi, acting out of 
command of an ancient prophecy, have been moving these disks, in accordance with the 
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rules of the puzzle, since that time. The puzzle is therefore also known as the tower of 
Brahma puzzle. According to the legend, when the last move of the puzzle is completed, the 
world will end. 

There are many variations on this legend. For instance, in some tellings, the temple 
is a monastery and the priests are monks. The temple or monastery may be said to be in 
different parts of the world including Hanoi, Vietnam and may be associated with any 
religion. The flag tower of Hanoi may have served as the inspiration for the name. 
 

The puzzle can be played with any number of disks, although many toy versions 
have around seven to nine of them. The game seems impossible to many novices yet is 
solvable with a simple algorithm. The following solution is a very simple method to solve 
the tower of Hanoi problem. 

 Alternative moves between the smallest piece and a non- smallest piece. When 
moving the smallest piece, always move it in the same direction (to the right if starting 
number of pieces is even, to the left if starting number of pieces is odd). 

 If there is no tower in the chosen direction, move the pieces to the opposite end, but 
then continue to move in the correct direction, for example if you started with three pieces, 
you would move the smallest piece to the opposite end, then continue in the left direction 
after that. 

 When the turn is to move the non-smallest piece, there is only one legal move. 
Doing this should complete the puzzle using the least amount of moves to do so. Finally, the 
user will reach at the goal. Also various types of solutions may be possible to solve the 
tower of Hanoi problem like recursive procedure, non-recursive procedure and binary 
solution procedure. 
 

Another simple solution to the problem is given below. 
For an even number of disks 

• Make the legal move between pegs A and B. 
• Make the legal moves between pages A and C. 
• Make the legal move between pages B and C. 

For an even number of disks 
• Make the legal move between pegs A and C. 
• Make the legal move between pegs A and B. 
• Make the legal move between pegs B and C. 
• Repeat until complete. 

A recursive solution for tower of Hanoi problem is as follows. 
 

A key to solving this problem is to recognize that it can be solve by breaking the 
problem down into the collection of smaller problems and further breaking those problems 
down into even smaller problems until a solution is reached. The following procedure 
demonstrates this approach. 

• Label the pegs A, B, C - these levels may move at different steps. 
• Let n be the total number of disks. 
• Number of disks from 1 (smallest, topmost) to n (largest, bottommost). 
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To move n disks from peg A to peg C. 

a) Move n-1 disks from A to B. This leaves disk #n alone on peg A. 
b) Move disk #n from A to C. 
c) Move n-1 disks from B to C so they sit on disk #n. 

To carry out steps a and c, apply the same algorithm again for n-1. The entire procedure is a 
finite number of steps, since at most point the algorithm will be required for n = 1. This 
step, moving a single disc from peg A to peg B, is trivial. 
 
Comments: 

• The tower of Hanoi is frequently used in psychological research on problem solving. 
• This problem is frequently used in neuro-psychological diagnosis and treatment of 

executive functions. 
• The tower of Hanoi is also used as backup rotation scheme when performing 

computer data backups where multiple tabs/media are involved. 
• This problem is very popular for teaching recursive algorithm to beginning 

programming students. 
• A pictorial version of this puzzle is programmed into emacs editor, accessed by 

typing M – X Hanoi. 
• The tower of Hanoi is also used as a test by neuro-psychologists trying to evaluate 

frontal lobe deficits. 
 

MEASURE OF PERFORMANCE AND ANALYSIS OF SEARCH  ALGORITHMS: 

  

The output of problem-solving algorithm is either failure or a solution.(Some algorithms 

might struck in an infinite loop and never return an output. 

  

The algorithm’s performance can be measured in four ways:  

 

o Completeness : Is the algorithm guaranteed to find a solution when there is one?  

 

o Optimality : Does the strategy find the optimal solution  

 

o Time complexity : How long does it take to find a solution?  

 

o Space complexity : How much memory is needed to perform the search?  
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UNIT II 

 
REPRESENTATION OF KNOWLEDGE 

 

Game playing - Knowledge representation, Knowledge representation using Predicate logic, 
Introduction to predicate calculus, Resolution, Use of predicate calculus, Knowledge representation 
using other logic-Structured representation of knowledge. 
 

KNOWLEDGE 
Knowledge is the collection of facts, inference rules etc. which can be used for a particular 

purpose. 

Knowledge requires the use of data and information. It combines relationships, correlations, 

dependencies with data and information. 

 

The basic components of knowledge are: 

1) A set of collected data 

2) A form of belief or hypothesis 

3) A kind of information. 

Knowledge is different from data. Data is the collection of raw materials where as 

knowledge is the collection of some well specified inference rules and facts. Knowledge is also 

different from belief and hypothesis. Belief is any meaningful and coherent expression that can be 

represented. Belief may be true or false. A hypothesis is a justified belief that is not known to be 

true. A hypothesis is a belief which is backed up with some supporting evidence but it may still be 

false. So knowledge can be defined as true justified knowledge. 

 
KNOWLEDGE BASED SYSTEMS 

Knowledge based systems get their power from the expert knowledge that has been coded 
into facts, rules, heuristics and procedures. The knowledge is stored in a knowledge base separate 
from the control and inferencing components. Knowledge is important and essential for knowledge 
based intelligent behaviour. 

 

Figure: A typical Knowledge based system 
Any choice of representation will depend on the type of problem to be solved and the inference 
methods available. Knowledge may be vague, contradictory or incomplete. Thus, knowledge is 
information about objects, concepts and relationships that are assumed to exist in a particular area 
of interest. 
 
KNOWLEDGE REPRESENTATION 
Knowledge representation is probably, the most important ingredient for developing an AI. A 

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



representation is a layer between information accessible from outside world and high level 
thinking processes. Without knowledge representation it is impossible to identify what thinking 
processes are, mainly because representation itself is a substratum for a thought. 

The subject of knowledge representation has been messaged for a couple of decades 
already. For many applications, specific domain knowledge is required. Instead of coding such 
knowledge into a system in a way that it can never be changed (hidden in the overall 
implementation), more flexible ways of representing knowledge and reasoning about it have been 
developed in the last 10 years. 

The need of knowledge representation was felt as early as the idea to develop intelligent 
systems. With the hope that readers are well conversant with the fact by now, that intelligent 
requires possession of knowledge and that knowledge is acquired by us by various means and 
stored in the memory using some representation techniques. Putting in another way, knowledge 
representation is one of the many critical aspects, which are required for making a computer 
behave intelligently. Knowledge representation refers to the data structures techniques and 
organizing notations that are used in AI. These include semantic networks, frames, logic, production 
rules and conceptual graphs. 
 
Properties for knowledge Representation 

 
The following properties should be possessed by a knowledge representation system. 
 

a. Representational Adequacy: It is the ability to represent the required knowledge. 
b. Inferential Adequacy: It is the ability to manipulate the knowledge represented to produce new 
knowledge corresponding to that inferred from the original. 
c. Inferential Efficiency: The ability to direct the inferential mechanisms into the most productive 
directions by storing appropriate guides. 
d. Acquisition Efficiency: The ability to acquire new knowledge using automatic methods 
wherever possible rather than reliance on human intervention. 
 
Syntax and semantics for Knowledge Representation 
 

Knowledge representation languages should have precise syntax and semantics. You must 
know exactly what an expression means in terms of objects in the real world. Suppose we have 
decided that “red 1” refers to a dark red colour, “car1” is my car, car2 is another. Syntax of language 
will tell you which of the following is legal: red1 (car1), red1 car1, car1 (red1), red1 (car1 & car2)? 

Semantics of language tell you exactly what an expression means: for example, Pred (Arg) 
means that the property referred to by Pred applies to the object referred to by Arg. E.g., properly 
“dark red” applies to my car. 
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Types of Knowledge Representation 
 

Knowledge can be represented in different ways. The structuring of knowledge and how 
designers might view it, as well as the type of structures used internally are considered. Different 
knowledge representation techniques are  
 

a. Logic 
b. Semantic Network 
c. Frame 
d. Conceptual Graphs 
e. Conceptual Dependency 
f. Script 

a.Logic: 
A logic is a formal language, with precisely defined syntax and semantics, which supports 

sound inference. Different logics exist, which allow you to represent different kinds of things, and 
which allow more or less efficient inference. The logic may be different types like propositional 
logic, predicate logic, temporal logic, description logic etc. But representing something in logic may 
not be very natural and inferences may not be efficient. 

  
 

Knowledge representation using Predicate logic: 
 
Propositional and Predicate Logic: 

Logic is concerned with reasoning and the validity of arguments. In general, in logic, we are 
not concerned with the truth of statements, but rather with their validity. That is to say, 
although the following argument is clearly logical, it is not something that we would consider 
to be true: 
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All lemons are blue 
Mary is a lemon 
Therefore, Mary is blue 
 
This set of statements is considered to be valid because the conclusion (Mary is blue) 

follows logically from the other two statements, which we often call the premises. The reason that 
validity and truth can be separated in this way is simple: a piece of a reasoning is considered 
to be valid if its conclusion is true in cases where its premises are also true. Hence, a valid set 
of statements such as the ones above can give a false conclusion, provided one or more of the 
premises are also false. 
 

We can say: a piece of reasoning is valid if it leads to a true conclusion in every 
situation where the premises are true. 

Logic is concerned with truth values. The possible truth values are true and false. 
These can be considered to be the fundamental units of logic, and almost all logic is 
ultimately concerned with these truth values. 

Logic is widely used in computer science, and particularly in Artificial Intelligence. Logic is 
widely used as a representational method for Artificial Intelligence. Unlike some other 
representations, logic allows us to easily reason about negatives (such as, “this book is not 
red”) and disjunctions (“or”—such as, “He’s either a soldier or a sailor”). 

Logic is also often used as a representational method for communicating concepts and 
theories within the Artificial Intelligence community. In addition, logic is used to represent 
language in systems that are able to understand and analyze human language. 

As we will see, one of the main weaknesses of traditional logic is its inability to deal 
with uncertainty. Logical statements must be expressed in terms of truth or falsehood—it is 
not possible to reason, in classical logic, about possibilities. We will see different versions of 
logic such as modal logics that provide some ability to reason about possibilities, and also 
probabilistic methods and fuzzy logic that provide much more rigorous ways to reason in 
uncertain situations. 
 

Logical Operators: 

 In reasoning about truth values, we need to use a number of operators, which can be 

applied to truth values. 

 We are familiar with several of these operators from everyday language: 

I like apples and oranges. 

You can have an ice cream or a cake. 

If you come from France, then you speak French. 

 Here we see the four most basic logical operators being used in everyday language. 

The operators are: 

 And 

 or 

 not 

 if . . . then . . . (usually called implies) 

 One important point to note is that or is slightly different from the way we usually use 

it. In the sentence, “You can have an icecream or a cake,” the mother is usually 

suggesting to her child that he can only have one of the items, but not both. This is 
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referred to as an exclusive-or in logic because the case where both are allowed is 

excluded. 

 The version of or that is used in logic is called inclusive-or and allows the case with 

both options. 

 The operators are usually written using the following symbols, although other 

symbols are sometimes used, according to the context: 

and ∧ 

or ∨ 

not ￢ 

implies → 

iff ↔ 

 Iff is an abbreviation that is commonly used to mean “if and only if.” 

 We see later that this is a stronger form of implies that holds true if one thing implies 

another, and also the second thing implies the first. 

 For example, “you can have an ice-cream if and only if you eat your dinner.” It may 

not be immediately apparent why this is different from “you can have an icecream if you eat your 

dinner.” This is because most mothers really mean iff when they use if in this way. 

 

Translating between English and Logic Notation 

 To use logic, it is first necessary to convert facts and rules about the real world into 

logical expressions using the logical operators 

 Without a reasonable amount of experience at this translation, it can seem quite a 

daunting task in some cases. 

 Let us examine some examples. First, we will consider the simple operators, ∧, ∨, and 

￢. 

 Sentences that use the word and in English to express more than one concept, all of 

which is true at once, can be easily translated into logic using the AND operator, ∧. 

 For example: “It is raining and it is Tuesday.” might be expressed as: R ∧ T, Where R 

means “it is raining” and T means “it is Tuesday.” 

 For example, if it is not necessary to discuss where it is raining, R is probably enough. 

 If we need to write expressions such as “it is raining in New York” or “it is raining 

heavily” or even “it rained for 30 minutes on Thursday,” then R will probably not 

suffice. To express more complex concepts like these, we usually use predicates. 

Hence, for example, we might translate “it is raining in New York” as: N(R) We 

might equally well choose to write it as: R(N) 

 This depends on whether we consider the rain to be a property of New York, or vice 

versa. In other words, when we write N(R), we are saying that a property of the rain is 

that it is in New York, whereas with R(N) we are saying that a property of New York 

is that it is raining. Which we use depends on the problem we are solving. It is likely 

that if we are solving a problem about New York, we would use R(N), whereas if we 

are solving a problem about the location of various types of weather, we might use 

N(R). 

 Let us return now to the logical operators. The expression “it is raining in  
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 New York, 

and I'm either getting sick or just very tired "can be expressed as follows: R(N) ∧ (S(I) 

∨ T(I)) 

 Here we have used both the ∧ operator, and the ∨ operator to express a collection of 

statements. The statement can be broken down into two sections, which is indicated 

by the use of parentheses. 

 

 The section in the parentheses is S(I) ∨ T(I), which means “I’m either getting sick OR 

I’m very tired”. This expression is “AND’ ed”with the part outside the parentheses, 

which is R(N). 

 Finally, the ￢ operator is applied exactly as you would expect—to express negation. 

 For example, It is not raining in New York, might be expressed as ￢R(N) 

 It is important to get the ￢ in the right place. For example: “I’m either not well or 

just very tired” would be translated as ￢W(I) ∨ T(I) 

 The position of the ￢ here indicates that it is bound to W(I) and does not play any 

role in affecting T(I). 

 Now let us see how the →�operator is used. Often when dealing with logic we are 

discussing rules, which express concepts such as “if it is raining then I will get wet.” 

 This sentence might be translated into logic as R→W(I) 

 This is read “R implies W(I)” or “IF R THEN W(I)”. By replacing the symbols R and 

W(I) with their respective English language equivalents, we can see that this sentence 

can be read as “raining implies I’ll get wet” or “IF it’s raining THEN I’ll get wet.” 

 Implication can be used to express much more complex concepts than this. 

 For example, “Whenever he eats sandwiches that have pickles in them, he ends up 

either asleep at his desk or singing loud songs” might be translated as 

S(y) ∧ E(x, y) ∧ P(y)→A(x) ∨ (S(x, z) ∧ L(z)) 

 Here we have used the following symbol translations: S(y) means that y is a 

sandwich. E(x, y) 

means that x (the man) eats y (the sandwich). 

P(y) means that y (the sandwich) has pickles in it. 

A(x) means that x ends up asleep at his desk. 

S(x, z) means that x (the man) sings z (songs). 

L(z) means that z (the songs) are loud. 

 The important thing to realize is that the choice of variables and predicates is 

important, but that you can choose any variables and predicates that map well to your 

problem and that help you to solve the problem. 

 For example, in the example we have just looked at, we could perfectly well have 

used instead S→A ∨ L where S means “he eats a sandwich which has pickles in it,” A 

means “he ends up asleep at his desk,” and L means “he sings loud songs.” 

 The choice of granularity is important, but there is no right or wrong way to make this 

choice. In this simpler logical expression, we have chosen to express a simple 
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relationship between three variables, which makes sense if those variables are all that 

we care about—in other words, we don’t need to know anything else about the 

sandwich, or the songs, or the man, and the facts we examine are simply whether or 

not he eats a sandwich with pickles, sleeps at his desk, and sings loud songs. 

 The first translation we gave is more appropriate if we need to examine these concepts 

in more detail and reason more deeply about the entities involved. 

 Note that we have thus far tended to use single letters to represent logical variables. It 

is also perfectly acceptable to use longer variable names, and thus to write expressions 

such as the following: 

Fish (x) ∧ living (x) →has_scales (x) 

 This kind of notation is obviously more useful when writing logical expressions that 

are intended to be read by humans but when manipulated by a computer do not add 

any value. 

 

Truth Tables 

 We can use variables to represent possible truth values, in much the same way that 

variables are used in algebra to represent possible numerical values. 

 We can then apply logical operators to these variables and can reason about the way 

in which they behave. 

 It is usual to represent the behavior of these logical operators using truth tables. 

 A truth table shows the possible values that can be generated by applying an operator 

to truth values. 

Not 

 First of all, we will look at the truth table for not, ￢. 

 Not is a unary operator, which means it is applied only to one variable. 

 Its behavior is very simple: 

￢ true is equal to false 

￢ false is equal to true 

If variable A has value true, then ￢A has value false. 

If variable B has value false, then ￢B has value true. 

 These can be represented by a truth table, 

 

 
And 

 

 Now, let us examine the truth table for our first binary operator—one which 

acts on two variables: 

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



 
 ∧ is also called the conjunctive operator. 

 A ∧ B is the conjunction of A and B. 

 You can see that the only entry in the truth table for which A ∧ B is true is the 

one where A is true and B is true. If A is false, or if B is false, then A ∧ B is 

false. If both A and B are false, then A ∧ B is also false. 

 What do A and B mean? They can represent any statement, or proposition, 

that can take on a truth value. 

 For example, A might represent “It’s sunny,” and B might represent “It’s 

warm outside.” In this case, A ∧ B would mean “It is sunny and it’s warm 

outside,” which clearly is true only if the two component parts are true (i.e., if 

it is true that it is sunny and it is true that it is warm outside). 

 

Or 

The truth table for the or operator, ∨ 

 
∨ is also called the disjunctive operator. 

 A ∨ B is the disjunction of A and B. 

 Clearly A ∨ B is true for any situation except when both A and B are false. 

 If A is true, or if B is true, or if both A and B are true, A ∨ B is true. 

 This table represents the inclusive-or operator. 

 A table to represent exclusive-or would have false in the final row. In other 

words, while A ∨ B is true if A and B are both true, A EOR B (A exclusive-or 

B) is false if A and B are both true. 

 You may also notice a pleasing symmetry between the truth tables for ∧ and ∨. 

This will become useful later, as will a number of other symmetrical relationships. 

Implies 
 The truth table for implies (→) is a little less intuitive. 
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This form of implication is also known as material implication 

 In the statement A→B, A is the antecedent, and B is the consequent. The 

bottom two lines of the table should be obvious. If A is true and B is true, then 

A →�B seems to be a reasonable thing to believe. 

 For example, if A means “you live in France” and B means “You speak 

French,” then A→B corresponds to the statement “if you live in France, then 

you speak French.” 

 Clearly, this statement is true (A→B is true) if I live in France and I speak 

French (A is true and B is true). 

 Similarly, if I live in France, but I don’t speak French (A is true, but B is 

false), then it is clear that A→B is not true. 

 The situations where A is false are a little less clear. If I do not live in France 

(A is not true), then the truth table tells us that regardless of whether I speak 

French or not (the value of B), the statement A→B is true. A→B is usually 

read as “A implies B” but can also be read as “If A then B” or “If A is true 

then B is true.” 

 Hence, if A is false, the statement is not really saying anything about the value 

of B, so B is free to take on any value (as long as it is true or false, of course!). 

 All of the following statements are valid: 

52 = 25 →4 = 4 (true →true) 

9 _ 9 = 123 →8 > 3 (false →true) 

52 = 25 →0 = 2 (false →false) 

 In fact, in the second and third examples, the consequent could be given any 

meaning, and the statement would still be true. For example, the following 

statement is valid: 

52 = 25 →Logic is weird 

 Notice that when looking at simple logical statements like these, there does 

not need to be any real-world relationship between the antecedent and the 

consequent. 

 For logic to be useful, though, we tend to want the relationships being 

expressed to be meaningful as well as being logically true. 

 

Iff 
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The truth table for iff (if and only if {↔}) is as follows: 

 

 

 

 It can be seen that A ↔ B is true as long as A and B have the same value. 

  In other words, if one is true and the other false, then A ↔ B is false. 

Otherwise, if A and B have the same value, A↔ B is true. 

 

Complex Truth Tables 

  Truth tables are not limited to showing the values for single operators. 

 For example, a truth table can be used to display the possible values for  

A ∧ (B ∨C). 

 
 Note that for two variables, the truth table has four lines, and for three variables, it 

has eight. In general, a truth table for n variables will have 2n lines. 

 The use of brackets in this expression is important. A ∧ (B ∨ C) is not the same as  

(A ∧ B) ∨ C. 

 To avoid ambiguity, the logical operators are assigned precedence, as with 

mathematical operators. 

 The order of precedence that is used is as follows: ￢, ∧, ∨,→,↔ 

 Hence, in a statement such as ￢A ∨ ￢B ∧ C, the ￢ operator has the greatest 

precedence, meaning that it is most closely tied to its symbols. ∧ has a greater 

precedence than ∨, which means that the sentence above can be expressed as (￢A) ∨ 
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((￢B) ∧ C) 

 Similarly, when we write ￢A ∨ B this is the same as (￢A) ∨ B rather than  

￢(A ∨ B) 

 In general, it is a good idea to use brackets whenever an expression might 

otherwise be ambiguous. 

 

Tautology: 

 

 Consider the following truth table: 

 

  
 This truth table has a property that we have not seen before: the value of the 

expression A∨￢A is true regardless of the value of A. 

 An expression like this that is always true is called a tautology. 

 If A is a tautology, we write: |=A 

 A logical expression that is a tautology is often described as being valid. 

 A valid expression is defined as being one that is true under any interpretation. 

 In other words, no matter what meanings and values we assign to the variables in a 

valid expression, it will still be true. 

 For example, the following sentences are all valid: 

 If wibble is true, then wibble is true. 

 Either wibble is true, or wibble is not true. 

 In the language of logic, we can replace wibble with the symbol A, in which case 

these two statements can be rewritten as 

 A→A 

 A ∨ ￢A 

 If an expression is false in any interpretation, it is described as being contradictory. 

 The following expressions are contradictory: 

 A ∧ ￢A 

 (A ∨ ￢A)→(A ∧ ￢A) 

Equivalence 

 Consider the following two expressions: 

 A ∧ B 

 B ∧ A 

 It should be fairly clear that these two expressions will always have the same value 

for a given pair of values for A and B. 

 In otherwords, we say that the first expression is logically equivalent to the second 

expression. 
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 We write this as A ∧ B _ B ∧ A. This means that the ∧ operator is commutative. 

 Note that this is not the same as implication: A ∧ B→B ∧ A, although this second 

statement is also true. 

 The difference is that if for two expressions e1 and e2: e1 _ e2, then e1 will always 

have the same value as e2 for a given set of variables. 

 On the other hand, as we have seen, e1→e2 is true if e1 is false and e2 is true. 

 There are a number of logical equivalences that are extremely useful. 

 The following is a list of a few of the most common: 

A ∨ A _ A 

A ∧ A _ A 

A ∧ (B ∧ C) _ (A ∧ B) ∧C (∧ is associative) 

A ∨ (B ∨ C) _ (A ∨ B) ∨C (∨ is associative) 

A ∧ (B ∨ C) _ (A ∧ B) ∨ (A ∧ C) (∧ is distributive over ∨) 

A ∧ (A ∨ B) _ A 

A ∨ (A ∧ B) _ A 

A ∧ true _ A 

A ∧ false _ false 

A ∨ true _ true 

A ∨ false _ A 

 All of these equivalences can be proved by drawing up the truth tables for each side of 

the equivalence and seeing if the two tables are the same. 

 The following is a very important equivalence: A→B _ ￢A ∨ B 

 We do not need to use the →� symbol at all—we can replace it with a combination 

of ￢ and ∨. 

 Similarly, the following equivalences mean we do not need to use ∧ or↔: 

A ∧ B _ ￢(￢A ∨ ￢B) 

A↔ B _ ￢(￢(￢A ∨ B) ∨ ￢ (￢B ∨ A)) 

 In fact, any binary logical operator can be expressed using ￢ and ∨. This is a fact 

that is employed in electronic circuits, where nor gates, based on an operator called 

nor, are used. Nor is represented by ↓, and is defined as follows: 

A ↓ B _ ￢(A ∨ B) 

 Finally, the following equivalences are known as DeMorgan’s Laws: 

A ∧ B _ ￢(￢A ∨ ￢B) 

A ∨ B _ ￢(￢A ∧ ￢B) 

 By using these and other equivalences, logical expressions can be simplified. 

 For example, (C ∧ D) ∨ ((C ∧ D) ∧ E) can be simplified using the following rule: A 

∨ (A ∧ B) _ A hence, (C ∧ D) ∨ ((C ∧ D) ∧ E) _ C ∧ D 

 In this way, it is possible to eliminate subexpressions that do not contribute to the 

overall value of the expression. 

 

Propositional Logic 

 

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



 There are a number of possible systems of logic. 

 The system we have been examining so far is called propositional logic. 

 The language that is used to express propositional logic is called the propositional 

calculus. 

 A logical system can be defined in terms of its syntax (the alphabet of symbols and 

how they can be combined), its semantics (what the symbols mean), and a set of rules 

of deduction that enable us to derive one expression from a set of other expressions 

and thus make arguments and proofs. 

 

 Syntax 

 We have already examined the syntax of propositional calculus. The alphabet 

of symbols, _ is defined as follows 

Σ = {true, false, ￢,→, (, ), ∧, ∨,↔, p1, p2, p3, . . . , pn, . . . } 

 Here we have used set notation to define the possible values that are contained 

within the alphabet Σ. 

 Note that we allow an infinite number of proposition letters, or propositional 

symbols, p1, p2, p3, . . . , and so on. 

 More usually, we will represent these by capital letters P, Q, R, and so on, 

 If we need to represent a very large number of them, we will use the subscript 

notation (e.g., p1). 

 An expression is referred to as a well-formed formula (often abbreviated as 

wff) or a sentence if it is constructed correctly, according to the rules of the 

syntax of propositional calculus, which are defined as follows. 

 In these rules, we use A, B, C to represent sentences. In other words, we 

define a sentence recursively, in terms of other sentences. 

 The following are wellformed sentences: 

P,Q,R. . . 

true, false 

(A) 

￢A 

A ∧ B 

A ∨ B 

A→B 

A↔ B 
Hence, we can see that the following is an example of a wff: 

P ∧ Q ∨ (B ∧ ￢C)→A ∧ B ∨ D ∧ (￢E) 

Semantics 

 The semantics of the operators of propositional calculus can be defined in terms of truth 

tables. 

 The meaning of P ∧ Q is defined as “true when P is true and Q is also true.” 

 The meaning of symbols such as P and Q is arbitrary and could be ignored 

altogether if we were reasoning about pure logic. 
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 In other words, reasoning about sentences such as P ∨ Q∧ ￢R is possible 

without considering what P, Q, and R mean. 

 Because we are using logic as a representational method for artificial 

intelligence, however, it is often the case that when using propositional logic, 

the meanings of these symbols are very important. 

 The beauty of this representation is that it is possible for a computer to reason 

about them in a very general way, without needing to know much about the 

real world. 

 In other words, if we tell a computer, “I like ice cream, and I like chocolate,” it 

might represent this statement as A ∧ B, which it could then use to reason 

with, and, as we will see, it can use this to make deductions. 

 

Introduction to Predicate Calculus 

 

Syntax 

 Predicate calculus allows us to reason about properties of objects and relationships 

between objects. 

 In propositional calculus, we could express the English statement “I like cheese” by A. This 

enables us to create constructs such as ￢A, which means “I do not like cheese,” but it does 

not allow us to extract any information about the cheese, or me, or other things that I like. 

 In predicate calculus, we use predicates to express properties of objects. So the sentence “I 

like cheese” might be expressed as L(me, cheese) where L is a predicate that represents the 

idea of “liking.” Note that as well as expressing a property of me, this statement also 

expresses a relationship between me and cheese. This can be useful, as we will see, in 

describing environments for robots and other agents. 

 For example, a simple agent may be concerned with the location of various blocks, and a 

statement about the world might be T(A,B), which could mean: Block A is on top of Block B. 

 It is also possible to make more general statements using the predicate calculus. 

 For example, to express the idea that everyone likes cheese, we might say 

(⍱x)(P(x)→L(x, C))  

 The symbol every x it is true 

that if property P holds for x, then the relationship L holds between x and C,” or in plainer 

English: “every x that is a person likes cheese.” (Here we are interpreting P(x) as meaning 

“x is a person” or, more precisely, “x has property P.”) 

 Note that we have used brackets rather carefully in the statement above. 

 This statement can  

is called the universal quantifier. 

 The quantifier  

 

 This statement can be read “there exists an x such that x likes cheese.” 
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 This does not make any claims about the possible values of x, so x could be a person, or a 

dog, or an item of furniture. When we use the existential quantifier in this way, we are 

simply saying that there is at least one value of x for which L(x,C) holds. 

  

 

 Relationships between  

 It is also possible to combine the universal and existential quantifiers, such as in the 

 

 This statement can be read “for all x, there exists a y such that L holds for x and y,” which 

we might interpret as “everyone likes something.” 

 A useful relationship exists between “not everyone likes 

cheese.” We could write this as 

￢ -------------- (1) 

 As we have already seen, A→B is equivalent to ￢A ∨ B. Using DeMorgan’s laws, we can see 

that this is equivalent to ￢(A ∧ ￢B). Hence, the statement (1) above, can be rewritten: 

￢ ￢(P(x) ∧ ￢L(x,C)) ------------- (2) 

 This can be read as “It is not true that for all x the following is not true: x is a person and x 

does not like cheese.” If you examine this rather convoluted sentence carefully, you will see 

that it is in fact the same as “there exists an x 

such that x is a person and x does not like cheese.” Hence we can rewrite it as 

∧ ￢L(x,C)) ------------- (3) 

 In making this transition from statement (2) to statement (3), we have utilized the 

￢ ￢ 

 In an expression of the form (  whereas y is 
said to be free. This can be understood as meaning that the variable y could be replaced by 
any other variable because it is free, and the expression would still have the same meaning, 
whereas if the variable x were to be replaced by some other variable in P(x,y), then the 
meaning of the expression would be changed: ( x)(P(y, z)) is not equivalent to ( x)(P(x, 
y)), 
wherea  

 Note that a variable can occur both bound and free in an expression, as in 
 

 In this expression, x is bound throughout, and z is free throughout; y is free in 
its first occurrence but is bound in (  
y are bound here.) 

 Making this kind of change is known as substitution. 
 Substitution is allowed of any free variable for another free variable. 
 Functions 
 In much the same way that functions can be used in mathematics, we can 

express an object that relates to another object in a specific way using 
functions. 

 For example, to represent the statement “my mother likes cheese,” we might 
use L(m(me),cheese) 

 Here the function m(x) means the mother of x. Functions can take more than 
one argument, and in general a function with n arguments is represented as 
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f(x1, x2, x3, . . . , xn) 
First-Order Predicate Logic 

 The type of predicate calculus that we have been referring to is also called firstorder 
predicate logic (FOPL). 

 A first-order logic is one in which the quantifiers  and  can be applied to objects or 
terms, but not to predicates or functions. 

 So we can define the syntax of FOPL as follows. First,we define a term: 
 A constant is a term. 
 A variable is a term. f(x1, x2, x3, . . . , xn) is a term if x1, x2, x3, . . . , xn are all terms. 
 Anything that does not meet the above description cannot be a term. 
 For example, the following is not a term: x P(x). This kind of construction we call a 

sentence or a well-formed formula (wff), which is defined as follows. 
 

Resolution 
 

Definition: Resolution yields a complete inference algorithm when coupled with any complete 

search algorithm. Resolution makes use of the inference rules. Resolution performs deductive 

inference. Resolution uses proof by contradiction. One can perform Resolution from a Knowledge 

Base. A Knowledge Base is a collection of facts or one can even call it a database with all facts. 

 

 Resolution Principle: 

 

 l1 v … v lk, m1 v … v mn  

--------------------------------------------------------------------------  

l1v...v li-1 v li+1 v...v lk v m1v...v mj-1v mj-1v...v mn  

 

li and mj are complementary literals. Resolution takes two clauses and produces a new clause 

containing all the literals of the two original clauses except the two complementary literals. 

 

 

Resolution Algorithm  

Resolution basically works by using the principle of proof by contradiction. To find the 

conclusion we should negate the conclusion. Then the resolution rule is applied to the resulting 

clauses. Each clause that contains complementary literals is resolved to produce a new clause, 

which can be added to the set of facts (if it is not already present). This process continues until one 

of the two things happen:  

• There are no new clauses that can be added  

• An application of the resolution rule derivesthe empty clause 

 An empty clause shows that the negation of the conclusion is a complete contradiction, 

hence the negation of the conclusion is invalid or false or the assertion is completely valid or true.  

  Algorithm 

 function PL-RESOLUTION (KB, @) returns true or false  

inputs: KB, the knowledge base, group of sentences/facts in propositional logic @, 

the query, a sentence in propositional logic  
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clauses → the set of clausesin the CNF representation of KB ^ @ 

 new → { } 

 loop do  

for each Ci, Cj in clauses do 

 resolvents → PL-RESOLVE (Ci, Cj) 

 if resolvents contains the empty clause the return true  

new → new union resolvents  

if new is a subset of clauses then return false  

clauses → clauses union true  

 

Steps for Resolution  

 

• Convert the given statements in Predicate/Propositional Logic  

• Convert these statements into Conjunctive Normal Form 

 • Negate the Conclusion (Proof by Contradiction)  

• Resolve using a Resolution Tree (Unification) 

 

Steps to Convert to CNF (Conjunctive Normal Form)  

Every sentence in Propositional Logic is logically equivalent to a conjunction of disjunctions 

of literals. A sentence expressed as a conjunction of disjunctions of literals is said to be in 

Conjunctive normal Form or CNF.  

1. Eliminate implication ‘→’  

a → b = ~a v b  

~ (a ^ b) = ~ a v ~ b …………………….. DeMorgan’s Law 

 ~ (a v b) = ~ a ^ ~ b ……………………... DeMorgan’s Law  

~ (~a) = a  

2. Eliminate Existential Quantifier ‘∃’ 

 To eliminate an independent Existential Quantifier, replace the variable by a 

Skolem constant. This process is called as Skolemization.  

Example: ∃y: President (y)  

Here ‘y’ is an independent quantifier so we can replace ‘y’ by any name (say – 

George Bush).  

So, ∃y: President (y) becomes President (George Bush). To eliminate a dependent 

Existential Quantifier we replace its variable by Skolem Function that accepts the value 

of ‘x’ and returns the corresponding value of ‘y.’  

Example: ∀x : ∃y : father_of (x, y) Here ‘y’ is dependent on ‘x’, so we replace ‘y’ by 

S(x). So, ∀x : ∃y : father_of (x, y) becomes ∀x : ∃y : father_of (x, S(x)).  

 

3. Eliminate Universal Quantifier ‘∀’ To eliminate the Universal Quantifier, drop the prefix in 

PRENEX NORMAL FORM i.e. just drop ∀ and the sentence then becomes in PRENEX NORMAL 

FORM.  

4. Eliminate AND ‘^’ 

 a ^ b splits the entire clause into two separate clausesi.e. a and b  
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(a v b) ^ c splits the entire clause into two separate clauses a v b and c 

 (a ^ b) v c splits the clause into two clauses i.e. a v c and b v c 

To eliminate ‘^’ break the clause into two, if you cannot break the clause, distribute the OR 

‘v’ and then break the clause. 

 

EXAMPLE  

Now ,an example which uses resolution.  

Problem Statement: 

 1. Ravi likes all kind of food. 

 2. Apples and chicken are food  

3. Anything anyone eats and is not killed is food  

4. Ajay eats peanuts and is still alive  

5. Rita eats everything that Ajay eats  

Prove by resolution that Ravi likes peanuts using resolution.  

 

Solution:  

Step 1: Converting the given statements into Predicate/Propositional Logic 

i. ∀x : food(x) → likes (Ravi, x) 

ii. food (Apple) ^ food (chicken)  

iii.  ∀a : ∀b: eats (a, b) ^ killed (a) → food (b) 

iv.  eats (Ajay, Peanuts) ^ alive (Ajay)  

v.  ∀c : eats (Ajay, c) → eats (Rita, c)  

vi.  ∀d : alive(d) → ~killed (d)  

vii.  ∀e: ~killed(e) → alive(e) Conclusion: likes (Ravi, Peanuts)  

 

Step 2: Convert into CNF  

i. ~food(x) v likes (Ravi, x) 

ii.  Food (apple) 

iii.  Food (chicken) 

iv.  ~ eats (a, b) v killed (a) v food (b) 

v.  Eats (Ajay, Peanuts)  

vi.  Alive (Ajay)  

vii.  ~eats (Ajay, c) V eats (Rita, c) 

viii.  ~alive (d) v ~ killed (d)  

ix.  Killed (e) v alive (e) Conclusion: likes (Ravi, Peanuts) 

 

 Step 3: Negate the conclusion 

 ~ likes (Ravi, Peanuts)  

 

Step 4: Resolve using a resolution tree 
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Hence we see that the negation of the conclusion has been proved as a complete 

contradiction with the given set of facts. Hence the negation is completely invalid or false or the 

assertion is completely valid or true.  

 

Hence Proved. 

 

Explanation of Resolution Tree (Unification) 

 

 In the first step of the resolution tree, ~ likes (Ravi, Peanuts) and likes (Ravi, x) get 

resolved (cancelled). So we are only left with ~food (peanuts). In this ‘x’ is replaced by 

peanuts i.e. ‘x’ is bound to peanuts. 

 

 In the second step of the resolution tree, ~food(peanuts) and food (b) get resolved, 

so we are left with ~eats (a, peanuts) v killed(a). In this ‘b’ is bound to peanuts thus we 

replace every instance of ‘b’ by Peanuts in that particular clause. Thus now we are left with 

~eats (a, peanuts) v killed (a).  

 

In the third step of the resolution tree, ~eats (a, peanuts) and eats (Ajay, peanuts) 

gets resolved. In this ‘a’ is bound to Ajay. So we replace every instance of ‘a’ by Ajay. Thus 

now we are left with killed (Ajay).  

 

In the forth step of the resolution tree, killed (Ajay) and ~killed (d) get resolved. In 

this ‘d’ is bound to Ajay, thus ever instance of ‘d’ is replaced by Ajay. Now we are left with 

~alive(Ajay). 

 

In the fifth step of the resolution tree, ~Alive(Ajay) and Alive(Ajay) get resolved and 

we are only left with a null set. 
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Use of predicate Logic 

In propositional logic only the logical forms of compound propositions are analyzed. A 

simple proposition is an unanalyzed whole which is either true or false. There are certain 

arguments that seem to be perfectly logical, yet they cannot be expressed by using 

propositional calculus. 

 

Example  

1. All cats have tails.  

2. Tom is a cat.  

 

From these two sentences, one should be able to conclude that  

 

3.Tom has a tail.  

 

To show that this argument is sound, we must be able to identify individuals, such as 

Tom, together with their properties and predicates. This is the objective of predicate 

calculus.  

• Generally, predicates are used to describe certain properties or relationships 

between individuals or objects.  

Example: In “Mary and Jane are sisters”, the phrase “are sisters” is a predicate. The 

entities connected this way, Mary and Jane, are called terms.  

• Terms play a similar role in predicate calculus as nouns and pronouns do in the 

English language.  

• In addition to terms and predicates, one uses quantifiers. Quantifiers indicate how 

frequently a certain statement is true. Specifically, the universal quantifier is used to 

indicate that a statement is always true, whereas the existential quantifier indicates that 

a statement is sometimes true.  

Example: In “All cats have tails”, the word “all” indicates that the statement “cats 

have tails” is universally true.  

• Predicate calculus is a generalization of propositional calculus. Hence, besides 

terms, predicates, and quantifiers, predicate calculus contains propositional variables, 

constants and connectives as part of the language.  

• An important part is played by functions which are essential when discussing 

equations. 

Predicate calculus in Computer Science  

• Predicate calculus gives the underpinnings to the languages of logic programming, 

such as Prolog.  

• Predicate calculus is increasingly used for specifying the requirements of 

computer applications.  

• In the area of proving program correctness, predicate calculus allows one to 

precisely state under which conditions a program gives the correct output.  

Predicate Calculus: Syntax  

1. The Domain (universe of discourse)  

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



Example. 

 1. Jane is Paul’s mother.  

2. Jane is Mary’s mother.  

3. Any two persons having the same mother are siblings. 

 —————————————————– 

Paul and Mary are siblings.  

 

The truth of the statement “Jane is Paul’s mother” can only be assessed within a 

certain context. There are many people named Jane and Paul, and without further 

information the statement in question can refer to many different people, which makes 

it ambiguous.  

To prevent such ambiguities we introduce the concept of a domain or universe of 

discourse.  

Definition  

The universe of discourse or domain is the collection of all persons, ideas, 

symbols, data structures, and so on, that affect the logical argument under 

consideration. The elements of the domain are called individuals.  

In the argument concerning Mary and Paul, the universe of discourse (domain) 

may, for instance, consist of the people living in a particular house or a particular 

block. 

 Many arguments involve numbers and, in this case, one must stipulate whether 

the domain is the set of natural numbers, the set of integers, the set of real numbers, 

or the set of complex numbers. 

 The truth of a statement may depend on the domain selected. The statement 

“there is a smallest number” is true in the domain of natural numbers, but false in 

the domain of integers.  

The elements of the domain are called individuals. An individual can be a 

person, a number, a data structure, or anything else one wants to reason about.  

• To avoid trivial cases, one stipulates that every domain must contain at least 

one individual. Hence, the set of all natural numbers less than 0 does not constitute 

a domain (universe of discourse) because there is no negative number.  

• Instead of the word individual one sometimes uses the word object, such as in 

“the domain must contain at least one object”.  

• To refer to a particular individual or object, identifiers must be used. These 

identifiers are called individual constants. If the universe of discourse consists of 

persons, the individual constants may be their names. In the case of natural 

numbers the individual constants are the digits representing these numbers. Each 

individual constant must uniquely identify a particular individual and no other one.  

Predicates  

Generally, predicates make statements about individuals:  

Mary and Paul are siblings.  

Jane is the mother of Mary.  

Tom is a cat.  
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The sum of 2 and 3 is 5.  

• In each of these statements, there is a list of individuals, which is given by 

the argument list, together with phrases that describe certain relations among or 

properties of the individuals mentioned in the argument list.  

• These properties or relations are referred to as predicates.  

• In the statement “Mary and Paul are siblings”, the argument list is given by 

Mary and Paul, in that order, whereas the predicate is described by the phrase “are 

siblings”. 

 • Similarly, the statement “Tom is a cat” has an argument list with the single 

element “Tom” in it, and its predicate is described by “is a cat”. 

 • The entries of the argument list are called arguments.  

• The arguments can be either variables or individual constants, but since 

we have not discussed variables yet, we restrict our attention to the case when all 

arguments are individual constants.  

• In predicate calculus, each predicate is given a name, which is followed by 

the list of arguments.  

• The list of arguments is enclosed in parantheses.  

• To express “Jane is the mother of Mary” one could choose an identifier, say 

“mother” to express the predicate “is the mother of”, and one would write mother 

(Jane, Mary).  

• Many logicians use only single letters for predicate names and constants. 

They would write, for instance M(j, m) instead of mother(Jane, Mary); that is, they 

would use M as a name for the predicate “is the mother of”, j for Jane and m for 

Mary. To save space, we will often use this convention.  

• Note that the order of arguments is important. Clearly, the statements 

mother(Mary, Jane) and mother(Jane, Mary) have a completely different meaning. 

 

The number of elements in the argument list of a predicate is called the arity 

of the predicate. For instance, mother(Jane, Mary) has arity 2. The arity of a 

predicate is fixed. For example a predicate cannot have two arguments in one case 

and three in another. Alternatively, one can consider two predicates different if their 

arity is different. The following statement illustrates this:  

The sum of 2 and 3 is 5.  

The sum of 2, 3 and 4 is 9.  

To express these statements in predicate calculus, one can either use two 

predicate names such as “sum2” and “sum3” and write sum2(2, 3, 5) and sum3(2, 3, 

4, 9) respectively, or one can use the same symbol, say “sum” with the implicit 

understanding that the name “sum” in sum(2, 3, 5) refers to a different predicate 

than in sum(2, 3, 4, 9). 

A predicate with arity n is often called an n-place predicate. A one-place 

predicate is called a property.  

Example: The predicate “is a cat” is a one-place predicate, or a property. The 

predicate “is the mother of”, as in “Jane is the mother of Mary” is a two-place 

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



predicate; that is, its arity is 2. The predicate in the statement “The sum of 2 and 3 is 

6” (which is false) contains the three-place predicate “is the sum of”.  

• A predicate name, followed by an argument list in parantheses is called an atomic 

formula . The atomic formulas can be combined by logical connectives like 

propositions. For instance, if cat(Tom) and hastail(Tom) are two atomic formulas, 

expressing that Tom is a cat and that Tom has a tail respectively, one can form    

cat(Tom) → hastail(Tom).  

• If all arguments of a predicate are individual constants, then the resulting 

atomic formula must be either true or false. This is part of the definition of the 

predicate. 

 • For instance, if the domain consists of Jane, Doug, Mary and Paul, we have 

to know for each ordered pair of individuals whether or not the predicate “is the 

mother of” is true. This can be done in the form of a table.  

• The method that assigns truth values to all possible combinations of 

individuals of a predicate is called an assignment. For instance, the following table is 

an assignment of the predicate “mother”. 

 

Knowledge representation using other logic 

Semantic Network 
A semantic network is a graphical knowledge representation technique. This knowledge 

representation system is primarily on network structure. The semantic networks were basically 
developed to model human memory. A semantic net consists of nodes connected by arcs. The arcs 
are defined in a variety of ways, depending upon the kind of knowledge being represented. 
The main idea behind semantic net is that the meaning of a concept comes, from the ways in which 
it is connected to other concepts. The semantic network consists of different nodes and arcs. Each 
node should contain the information about objects and each arc should contain the relationship 
between objects. Semantic nets are used to find relationships among objects by spreading 
activation about from each of two nodes and seeing where the activation met this process is called 
intersection search. 
 

For example: Ram is a boy. 

 
 
Semantic network by using Instances: 
 

The semantic network based knowledge representation mechanism is useful where an 
object or concept is associated with many attributes and where relationships between objects are 
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important. Semantic nets have also been used in natural language research to represent complex 
sentences expressed in English. 

The semantic representation is useful because it provides a standard way of analyzing the 
meaning of sentence. It is a natural way to represent relationships that would appear as ground 
instances of binary predicates in predicate logic. In this case we can create one instance of each 
object. In instance based semantic net representations some keywords are used like: IS A, 
INSTANCE, AGENT, HAS-PARTS etc. 
 
Consider the following examples: 

1. Suppose we have to represent the sentence “Sima is a girl”. 
 

 
 

2. Ram is taller than Hari 

 
It can also be represented as 

 
3. “Mouse is a Rodent and Rodent is a mammal. Mouse has teeth and etas grass”. Check 

whether the sentence mammal has teeth is valid or not.  
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Partitioned Semantic Network 
Some complex sentences are there which cannot be represented by simple semantic nets and for 
this we have to follow the technique partitioned semantic networks. Partitioned semantic net allow 
for 
 
1. Propositions to be made without commitment to truth. 
2. Expressions to be quantified. 
 

In partitioned semantic network, the network is broken into spaces which consist of groups 
of nodes and arcs and regard each space as a node. 

 
Let us consider few examples. 
Draw the partitioned semantic network structure for the followings: 

a) Sima is eating an apple. 
 

 
 
 
b) All Sima are eating an apple. 
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c) All Sima are eating some apple. 

 

 

d) All men are mortal 

 

 
 

e) Every dog has bitten a shopkeeper 
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f) Every dog in town has bitten a shopkeeper. 

 

 

 

 

Conceptual Graphs: 
 

It is a knowledge representation technique which consists of basic concepts and the 
relationship between them. As the name indicates, it tries to capture the concepts about the events 
and represents them in the form of a graph. A concept may be individual or generic. An individual 
concept has a type field followed by a reference field. For example person : Ram. Here person 
indicates type and Ram indicates reference. An individual concept should be represented within a 
rectangle in graphical representation and within a square bracket in linear representation. The 
generic concept should be represented within an oval in graphical representation and within a 
parenthesis in linear representation. Conceptual graph is a basic building block for associative 
network. Concepts like AGENT, OBJECT, INSTRUMENT, PART are obtained from a collection of 
standard concepts. New concepts and relations can be defined from these basic ones. These are also 
basic building block for associative network. A linear conceptual graph is an elementary form of this 
structure. A single conceptual graph is roughly equivalent to a graphical diagram of a natural 
language sentence where the words are depicted as concepts and relationships. 
 
Consider an example 
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“Ram is eating an apple “ 
 

 
 
 

 
 
 

Conceptual Dependency 
It is an another knowledge representation technique in which we can represent any kind of 

knowledge. It is based on the use of a limited number of primitive concepts and rules of formation 
to represent any natural language statement. Conceptual dependency theory is based on the use of 
knowledge representation methodology was primarily developed to understand and represent 
natural language structures. The conceptual dependency structures were originally developed by 
Roger C SChank in 1977. If a computer program is to be developed that can understand wide 
phenomenon represented by natural languages, the knowledge representation should be powerful 
enough to represent these concepts. The conceptual dependency representation captures 
maximum concepts to provide canonical form of meaning of sentences. Generally there are four 
primitives from which the conceptual dependency structure can be described. They are 
 
a. ACTS : Actions 
b. PPs : Objects (Picture Producers) 
c. AAs : Modifiers of Actions (Action Aiders) 
d. PAs : Modifiers of PPs (Picture Aiders) 
e. TS : Time of action 
 
Conceptual dependency provides both a structure and a specific set of primitives at a particular 
level of granularity, out of which representation of particular pieces of information can be 
constructed. 

For example 
 

 
Where ←: Direction of dependency 
Double arrow indicates two way link between actor and action. 
P: Past Tense 
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ATRANS: One of the primitive acts used by the theory 
O: The objective case relation 
R: Recipient case Relation 
 
In CD, representation of actions are built from a set of primitive acts. 
 
1) ATRANS: Transfer of an abstract relationship (give, accept, take) 
2) PTRANS: Transfer the physical location of an object ( Go, Come, Run, Walk) 
3) MTRANS: Transfer the mental information (Tell) 
4) PROPEL: Application of physical force to an object (push, pull, throw) 
5) MOVE: Movement of a body part by its owner (kick). 
6) GRASP: Grasping of an object by an action (clutch) 
7) INGEST: Ingestion of an object by an animal (eat) 
8) EXPEL: Expel from an animal body (cry) 
9) MBUILD: Building new information out of old (decide) 
10) SPEAK: Production of sounds (say) 
11) ATTEND: Focusing of a sense organ towards a stimulus (Listen) 

The main goal of CD representation is to capture the implicit concept of a sentence and 
make it explicit. In normal representation of the concepts, besides actor and object, other concepts 
of time, location, source and destination are also mentioned. Following conceptual tenses are used 
in CD representation. 

 
1) O : Object case relationship 
2) R : Recipient case relationship 
3) P : Past 
4) F : Future 
5) Nil : Present 
6) T : Transition 
7) Ts : Start Transition 
8) Tf : Finisher Transition 
9) K : Continuing 
10) ? : Interrogative 
11) / : Negative 
12) C : Conditional 
Also there are several rules in conceptual dependency 
 

Rule 1:  

PP          ACT 

It describes the relationship between an actor and an event, he/she causes. 
E.g. Ram ran 

Ram   PTRANS 
 
Where P: Past Tense 
 

Rule 2: PP  PA 
 
It describes the relationship between a PP and PA where the PA indicates one characteristics of PP. 
E.g. 
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Ram is tall 

Ram  Tall or Ram  Height (> Average) 
 
Rule 3:  
 

PP  PP 
 
It describes the relationship between two PPs where one PP is defined by other. 
E.g. Ram is a doctor 

Ram     Doctor 
 
Rule 4: 
 PP  PA 

  or   

PA   PP 

 

It describes the relationship between the PP and PA, where PA indicates one attributes of PP. 
E.g. A nice boy is a doctor 

Boy   Doctor 

 
Nice 
 
Rule 5:  

        PP 

 
It describes the relationship between 3 PP’s where one PP is the owner of another PP. 
E.g. Ram’s Cat 

Cat 
 

 
 
Ram 

Rule 6:  

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



Act   PP    Where O: Object 

 

It describes the relationship between the PP and ACT. Where PP indicates the object of that action. 
E.g. Ram is eating an apple. 
 

Ram INGEST 

   
  Apple 
Rule 7:  

ACT 

 

 
(R: Recipient) 

Here one PP describes the recipient and another PP describes the donner 
E.g. Rahul gave a book to sourav. 

 

 
 
Rule 8: 

 (I: Instrument used in the action) 
 Here PP1 indicates the agent and PP2 indicates the object that is used in the action. 

E.g. Tapash ate the ice cream with the spoon. 
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Rule 9: 

 

  
Here D indicates destination, PP1 indicates destination and PP2 indicates the source. 
E.g. the bucket is filled with milk. 

 
X indicates the average milk and the source i.e. bucket is dry which is hidden. 
 
 

 

 

 

 

Rule 10: 

  (T: Time) 

 

It describes the relationship between a conceptualization and the time at which the event is 
described occurs. 
E.g. Sita ate the apple yesterday. 

 

 
Rule 11: 
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It describes the relationship between a conceptualization and the place at which it is occurred. 
E.g. Shanu ate the apple at VRS hotel yesterday. 

  
Rule 12: 

  
It describes the relationship between one conceptualization with another. 
E.g. while I was going to college, I saw a snake. 
 
(Where CP: Conscious Processor i.e. the combination of all sense organs like eye, ear, nose etc.) 
By using the above rules we can represent any sentence. Let us visualize few examples on 
conceptual dependency. 

  
(Where CP: Conscious Processor i.e. the combination of all sense organs like eye, ear, nose etc.) 
By using the above rules we can represent any sentence. Let us visualize few examples on 
conceptual dependency. 
 
1.Sima gave a book to Niki 

 
Where O: Object, P: Past Tense, R: Recipient, Sima: PP, Book: PP, Niki: PP, ATRANS: give 
 
2.Bhabani cuts an apple with a knife 
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3.Sanjay drove the car fast 

 
 
 
 
 
 
 
4.The rose was given by Rupa to Anand 

 
5.Shruti pushed the door. 

 
 
   6.The man took a book 
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Here man is the doctor and book is the object of the action took. 
 
7.My grandfather told me a story 

 
8. Ira gave the man a dictionary 

 
 
 

Structured representation of knowledge. 
 
 Describes knowledge structures. This type of knowledge describes an expert’s overall mental 
model of the problem. The expert’s mental model of concepts, subconcepts, and objects is typical of this 
type of knowledge. 

 

Some of the structured representation of knowledge are Frame,Script. 

 

 

 

                FRAME 

A frame is a collection of attributes and associated values that describe some entity 

in the world. Frames are general record like structures which consist of a collection of slots 

and slot values. The slots may be of any size and type. Slots typically have names and values 

or subfields called facets. Facets may also have names and any number of values. A frame 

may have any number of slots, a slot may have any number of facets, each with any number 

of values. A slot contains information such as attribute value pairs, default values, condition 

for filling a slot, pointers to other related frames and procedures that are activated when 

needed for different purposes. Sometimes a frame describes an entity in some absolute 

sense, sometimes it represents the entity from a particular point of view. A single frame 

taken alone is rarely useful. We build frame systems out of collection of frames that are 

connected to each other by virtue of the fact that the value of an attribute of one frame may 

be another frame. Each frame should start with an open parenthesis and closed with a closed 

parenthesis. 

 

    Syntax of a frame 

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



 

Let us consider the below examples. 
 
1) Create a frame of the person Ram who is a doctor. He is of 40. His wife name is Sita. They 
have two children Babu and Gita. They live in 100 kps street in the city of Delhi in India. The 
zip code is 756005. 
(Ram 

(PROFESSION (VALUE Doctor)) 
(AGE (VALUE 40)) 
(WIFE (VALUE Sita)) 
(CHILDREN (VALUE Bubu, Gita)) 
(ADDRESS 

(STREET (VALUE 100 kps)) 
(CITY(VALUE Delhi)) 
(COUNTRY(VALUE India)) 
(ZIP (VALUE 756005)))) 

 
2) Create a frame of the person Anand who is a chemistry professor in RD Women’s College. 
His wife name is Sangita having two children Rupa and Shipa. 

(Anand 
(PROFESSION (VALUE Chemistry Professor)) 
(ADDRESS (VALUE RD Women’s College)) 
(WIFE (VALUE Sangita)) 
(CHILDREN(VALUE RupaShipa))) 

 
3) Create a frame of the person Akash who has a white maruti car of LX-400 Model. It has 5 
doors. Its weight is 225kg, capacity is 8, and mileage is 15 km /lit. 

(Akash 
(CAR (VALUE Maruti)) 
(COLOUR (VALUE White)) 
(MODEL (VALUE LX-400)) 
(DOOR (VALUE 5)) 
(WEIGHT (VALUE 225kg)) 
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(CAPACITY (VALUE 8)) 
(MILAGE (VALUE 15km/lit))) 

The frames can be attached with another frame and can create a network of frames. The 
main task of action frame is to provide the facility for procedural attachment and help in reasoning 
process. Reasoning using frames is done by instantiation. Instantiation process begins, when the 
given situation is matched with frames that are already in existence. The reasoning process tries to 
match the current problem state with the frame slot and assigns them values.The valuesassigned to 
the slots depict a particular situation and by this, the reasoning process moves towards a goal. The 
reasoning process can be defined as filling slot values in frames. 

 
SCRIPT 
 

It is an another knowledge representation technique. Scripts are frame like structures used 
to represent commonly occurring experiences such as going to restaurant, visiting a doctor. A script 
is a structure that describes a stereotyped sequence of events in a particular context. A script 
consist of a set of slots. Associated with each slot may be some information about what kinds of 
values it may contain as well as a default value to be used if no other information is available. 
Scripts are useful because in the real world, there are no patterns to the occurrence of events. These 
patterns arise because of clausal relationships between events. The events described in a script 
form a giant casual chain. The beginning of the chain is the set of entry conditions which enable the 
first events of the script to occur. The end of the chain is the set of results which may enable later 
events to occur. The headers of a script can all serve as indicators that the script should be 
activated. Once a script has been activated, there are a variety of ways in which it can be useful in 
interpreting a particular situation. A script has the ability to predict events that has not explicitly 
been observed. An important use of scripts is to provide a way of building a single coherent 
interpretation from a collection of observation. Scripts are less general structures than are frames 
and so are not suitable for representing all kinds of knowledge. Scripts are very useful for 
representing the specific kinds of knowledge for which they were designed. 

 
A script has various components like: 
 

1) Entry condition: It must be true before the events described in the script can occur. E.g. in a 
restaurant script the entry condition must be the customer should be hungry and the customer has 
money. 
 
2) Tracks: It specifies particular position of the script e.g. In a supermarket script the tracks may be 
cloth gallery, cosmetics gallery etc. 
 
3) Result: It must be satisfied or true after the events described in the script have occurred. 
e.g. In a restaurant script the result must be true if the customer is pleased. 
The customer has less money. 
 
4) Probs: It describes the inactive or dead participants in the script e.g. In a supermarket script, the 
probes may be clothes, sticks, doors, tables, bills etc. 
 
5) Roles: It specifies the various stages of the script. E.g. In a restaurant script the scenes may be 
entering, ordering etc. 
 
Now let us look on a movie script description according to the above component. 

a) Script name : Movie 
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b) Track : CINEMA HALL 
c) Roles : Customer(c), Ticket seller(TS), Ticket Checker(TC), Snacks Sellers (SS) 
d) Probes : Ticket, snacks, chair, money, Ticket, chart 
e) Entry condition : The customer has money 

The customer has interest to watch movie. 
6) Scenes: 
 

a. SCENE-1 (Entering into the cinema hall) 
C PTRANS C into the cinema hall 
C ATTEND eyes towards the ticket counter 
C PTRANS C towards the ticket counters 
C ATTEND eyes to the ticket chart 
C MBUILD to take which class ticket 
C MTRANS TS for ticket 
C ATRANS money to TS 
TS ATRANS ticket to C 

b. SCENE-2 (Entering into the main ticket check gate) 
C PTRANS C into the queue of the gate 
C ATRANS ticket to TC 
TC ATTEND eyes onto the ticket 
TC MBUILD to give permission to C for entering into the hall 
TC ATRANS ticket to C 
C PTRANS C into the picture hall. 

c. SCENE-3 (Entering into the picture hall) 
C ATTEND eyes into the chair 
TC SPEAK where to sit 
C PTRANS C towards the sitting position 
C ATTEND eyes onto the screen 

d. SCENE-4 (Ordering snacks) 
C MTRANS SS for snacks 
SS ATRANS snacks to C 
C ATRANS money to SS 
C INGEST snacks 

e. SCENE-5 (Exit) 
C ATTEND eyes onto the screen till the end of picture 
C MBUILD when to go out of the hall 
C PTRANS C out of the hall 

7) Result: 
The customer is happy 
The customer has less money 

 
Example 2: Write a script of visiting a doctor in a hospital 

1) SCRIPT_NAME : Visiting a doctor 
2) TRACKS : Ent specialist 
3) ROLES : Attendant (A), Nurse(N), Chemist (C), 
Gatekeeper(G), Counter clerk(CC), Receptionist(R), Patient(P), 
Ent specialist Doctor (D), Medicine 
Seller (M). 
4) PROBES : Money, Prescription, Medicine, Sitting chair, 
Doctor’s table, Thermometer, Stetho scope, writing pad, pen, 
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torch, stature. 
5) ENTRY CONDITION: The patient need consultation. 
Doctor’s visiting time on. 
6) SCENES: 

a. SCENE-1 (Entering into the hospital) 
P PTRANS P into hospital 
P ATTEND eyes towards ENT department 
P PTRANS P into ENT department 
P PTRANS P towards the sitting chair 

b. SCENE-2 (Entering into the Doctor’s Room) 
P PTRANS P into doctor’s room 
P MTRANS P about the diseases 
P SPEAK D about the disease 
D MTRANS P for blood test, urine test 
D ATRANS prescription to P 
P PTRANS prescription to P. 
P PTRANS P for blood and urine test 

c. SCENE-3 (Entering into the Test Lab) 
P PTRANS P into the test room 
P ATRANS blood sample at collection room 
P ATRANS urine sample at collection room 
P ATRANS the examination reports 

d. SCENE-4 (Entering to the Doctor’s room with Test reports) 
P ATRANS the report to D 
D ATTEND eyes into the report 
D MBUILD to give the medicines 
D SPEAK details about the medicine to P 
P ATRANS doctor’s fee 
P PTRANS from doctor’s room 

e. SCENE-5 (Entering towards medicine shop) 
P PTRANS P towards medicine counter 
P ATRANS Prescription to M 
M ATTEND eyes into the prescription 
M MBUILD which medicine to give 
M ATRANS medicines to P 
P ATRANS money to M 
P PTRANS P from the medicine shop 

7) RESULT: 
The patient has less money 
Patient has prescription and medicine. 
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UNIT III 

KNOWLEDGE INFERENCE 

 

Knowledge representation -Production based system, Frame based system. 

Inference – Backward chaining, Forward chaining, Rule value approach, Fuzzy 

reasoning - Certainty factors, Bayesian Theory-Bayesian Network-Dempster - 

Shafer theory. 

 
Knowledge Representation-Knowledge-based system  

• Knowledge base: 

 – A set of sentences that describe the world in some formal (representational) 

language (e.g. first-order logic)  

– Domain specific knowledge 

 • Inference engine:  

– A set of procedures that work upon the representational language and can infer 

new facts or answer KB queries (e.g. resolution algorithm, forward chaining)  

– Domain independent 

 

Automated reasoning systems 
 

 Theorem provers 

– Prove sentences in the first-order logic. Use inference rules, resolution rule and 

resolution refutation. 

• Deductive retrieval systems 

-Systems based on rules (KBs in Horn form) 

– Prove theorems or infer new assertions 

• Production systems 

– Systems based on rules with actions in antecedents 

– Forward chaining mode of operation 

• Semantic networks 

– Graphical representation of the world, objects are nodes in thegraphs, 

relations are various links 

• Frames: 

– object oriented representation, some procedural control of 

inference 
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Production  based systems  

Based on rules, but different from KBs in the Horn form Knowledge base is divided 

into:  

• A Rule base (includes rules)  

• A Working memory (includes facts)  

Rules: a special type of if – then rule  

P1∧P2∧….Pn =>a1,a2,….ak 

 

Basic operation:  

• Check if the antecedent of a rule is satisfied 

 • Decide which rule to execute (if more than one rule is satisfied) 

 • Execute actions in the consequent of the rule. 

 

Working: 

 Consists of a set of facts – statements about the world but also can represent various 

data structures 

• The exact syntax and representation of facts may differ across 

different systems 

 

• Examples: 

– predicates 

– such as Red(car12) 

– but only ground statements 

or 

– (type attr1:value1 attr2:value2 …) objects 

such as: (person age 27 home Toronto) 

The type, attributes and values are all atoms 

Rules: 

P1∧P2∧….Pn =>a1,a2,….ak 

Antecedents: conjunctions of conditions  

• Examples:  
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– a conjunction of literals  

 A(x) ∧ B(x) ∧ C(y) 

– simple negated or non-negated statements in predicate logic 

 • or  

– conjunctions of conditions on objects/object – (type attr1 spec1 attr2 spec2 …)  

– Where specs can be an atom, a variable, expression, condition  

(person age [n+4] occupation x)  

(person age {< 23 ∧ > 6}) 

P1∧P2∧….Pn =>a1,a2,….ak 

 

Consequent: a sequence of actions 

 • An action can be:  

– ADD the fact to the working memory (WM) 

 – REMOVE the fact from the  WM  

– MODIFY an attribute field  

– QUERY the user for input, etc …  

• Examples: 

 A(x) ∧ B(x) ∧ C(y)=>add D(x) 

 

 • Or  

(Student name x) ⇒ ADD (Person name x) 

Use forward chaining to do reasoning:  

– If the antecedent of the rule is satisfied (rule is said to be “active”) then its 

consequent can be executed (it is “fired”)  

• Problem: Two or more rules are active at the same time. Which one to execute 

next? 
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Strategy for selecting the rule to be fired from among possible candidates is called 

conflict resolution 

Why is conflict resolution important? Or, Why do we care about the order? • Assume 

that we have two rules and the preconditions of both are satisfied: 

R1: A(x) ∧ B(x) ∧ C(y)=>add D(x) 

R2: A(x) ∧ B(x) ∧ E(z)=>delete A(x) 

What can happen if rules are triggered in different order? 

Why is conflict resolution important? Or, Why do we care about the order? • Assume 

that we have two rules and the preconditions of both are satisfied: 

R1: A(x) ∧ B(x) ∧ C(y)=>add D(x) 

R2: A(x) ∧ B(x) ∧ E(z)=>delete A(x) 

What can happen if rules are triggered in different order? 

 – If R1 goes first, R2 condition is still satisfied and we infer D(x) 

 – If R2 goes first we may never infer D(x) 

 

Problems with production systems:  

– Additions and Deletions can change a set of active rules;  

– If a rule contains variables testing all instances in which the rule is active 

may require a large number of unifications.  

– Conditions of many rules may overlap, thus requiring to repeat the same 

unifications multiple times.  

• Solution: Rete algorithm  

– gives more efficient solution for managing a set of active rules and 

performing unifications  

– Implemented in the system OPS-5 (used to implement XCON – an expert 

system for configuration of DEC computers) 
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Rete algorithm 

 • Assume a set of rules: 

 A(x) ∧ B(x) ∧ C(y)=>add D(x) 

A(x) ∧ B(x) ∧ D(x)=>add D(x) 

A(x) ∧ B(x) ∧ E(z)=>delete A(x) 

 

 And Facts: 

  A(1), A(2), B(1), B(2), B(3), B(4), C(5) 

 

• Rete: 

 – Compiles the rules to a network that merges conditions of multiple rules together 

(avoid repeats)  

– Propagates valid unifications  

– Reevaluates only changed conditions 

 

Frame based System: 

Many different ways of representing the same knowledge. Representation may 

make inferences easier or more difficult.  

Example: • How to represent:  “Car #12 is red.”  

Solution 1: ? 

 

Many different ways of representing the same knowledge. R 

epresentation may make inferences easier or more difficult. 

 Example: • How to represent: “Car #12 is red.”  

Solution 1: Red(car12). 

 – It’s easy to ask “What’s red?”  

– But we can’t ask “what is the color of car12?” 

 Solution 2: ? 

 

Many different ways of representing the same knowledge.  

Representation may make inferences easier or more difficult.  
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Example: • How to represent: “Car #12 is red.”  

Solution 1: Red(car12). – It’s easy to ask “What’s red?”  

– But we can’t ask “what is the color of car12?” Solution 2: Color (car12, red).  

– It’s easy to ask “What’s red?”  

– It’s easy to ask “What is the color of car12?” – Can’t ask “What property of car12 

has value red?” Solution 3: ? 

Many different ways of representing the same knowledge. Representation may 

make inferences easier or more difficult.  

Example: • How to represent: “Car #12 is red.” Solution 1: Red(car12).  

– It’s easy to ask “What’s red?”  

– But we can’t ask “what is the color of car12?” Solution 2: Color (car12, red).  

– It’s easy to ask “What’s red?”  

– It’s easy to ask “What is the color of car12?”  

– Can’t ask “What property of car12 has value red?” Solution 3: Prop(car12, color , 

red).  

– It’s easy to ask all these questions. 

 

Prop(Object, Property, Value)  

• Called: object-property-value representation 

 • In FOL statements about the world, e.g. statements about objects are scattered 

around  

• If we merge many properties of the object of the same type into one structure we 

get the object-centered representation:  

Prop(Object, Property1, Value1)  

Prop(Object, Property2, Value2) 

 …  

Prop(Object, Property-n, Value-n) 
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Objects: a natural way to organize the knowledge about 

 

 • physical objects:  

– a desk has a surface-material, # of drawers, width, length, height, color, procedure 

for unlocking, etc.  

– some variations: no drawers, multi-level surface  

• situations:  

– a class: room, participants, teacher, day, time, seating arrangement, lighting, 

procedures for registering, grading, etc.  

– leg of a trip: destination, origin, conveyance, procedures for buying ticket, getting 

through customs, reserving hotel room, locating a car rental etc. 

 

 

 

 

Rule-Based Systems 

 Rule-based systems or production systems are computer systems that use rules to 

provide recommendations or diagnoses, or to determine a course of action in a 

particular situation or to solve a particular problem. 

 A rule-based system consists of a number of components: 

 a database of rules (also called a knowledge base) 

 a database of facts 

 an interpreter, or inference engine 

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



 In a rule-based system, the knowledge base consists of a set of rules that represent 

the knowledge that the system has. 

 The database of facts represents inputs to the system that are used to derive 

conclusions, or to cause actions. 

 The interpreter, or inference engine, is the part of the system that controls the 

process of deriving conclusions. It uses the rules and facts, and combines them 

together to draw conclusions. 

 Using deduction to reach a conclusion from a set of antecedents is called forward 

chaining. 

 An alternative method, backward chaining, starts from a conclusion and tries to 

show it by following a logical path backward from the conclusion to a set of 

antecedents that are in the database of facts. 

 

Inference 

 Forward Chaining 

 Forward chaining employs the system starts from a set of facts, and a set of 

rules, and tries to find a way of using those rules and facts to deduce a 

conclusion or come up with a suitable course of action. 

 This is known as data-driven reasoning because the reasoning starts from a 

set of data and ends up at the goal, which is the conclusion. 

 When applying forward chaining, the first step is to take the facts in the fact 

database and see if any combination of these matches all the antecedents of 

one of the rules in the rule database. 

 When all the antecedents of a rule are matched by facts in the database, then 

this rule is triggered. 

 Usually, when a rule is triggered, it is then fired, which means its conclusion 

is added to the facts database. If the conclusion of the rule that has fired is an 

action or a recommendation, then the system may cause that action to take 

place or the recommendation to be made. 

 For example, consider the following set of rules that is used to control an 
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elevator in a three-story building: 

 

Rule 1 

IF on first floor and button is pressed on first floor. 

THEN open door 

Rule 2 

IF on first floor 

AND button is pressed on second floor 

THEN go to second floor 

Rule 3 

IF on first floor 

AND button is pressed on third floor 

THEN go to third floor 

Rule 4 

IF on second floor 

AND button is pressed on first floor 

AND already going to third floor 

THEN remember to go to first floor later 

 This represents just a subset of the rules that would be needed, but we can use 

it to illustrate how forward chaining works. 

 Let us imagine that we start with the following facts in our database: 

Fact 1 

At first floor 

Fact 2 

Button pressed on third floor 

Fact 3 

Today is Tuesday 

Now the system examines the rules and finds that Facts 1 and 2 match the 

antecedents of Rule 3. Hence, Rule 3 fires, and its conclusion “Go to third 

floor” is added to the database of facts. Presumably, this results in the elevator 
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heading toward the third floor. 

 Note that Fact 3 was ignored altogether because it did not match the 

antecedents of any of the rules. 

 Now let us imagine that the elevator is on its way to the third floor and has 

reached the second floor, when the button is pressed on the first floor. The fact 

Button pressed on first floor 

  Is now added to the database, which results in Rule 4 firing. 

 Now let us imagine that later in the day the facts database contains the 

following information: 

Fact 1 

At first floor 

Fact 2 

Button pressed on second floor 

Fact 3 

Button pressed on third floor 

 In this case, two rules are triggered—Rules 2 and 3. In such cases where there 

is more than one possible conclusion, conflict resolution needs to be applied 

to decide which rule to fire. 

 

 Conflict Resolution 

 In a situation where more than one conclusion can be deduced from a set of 

facts, there are a number of possible ways to decide which rule to fire. 

 For example, consider the following set of rules: 

IF it is cold 

THEN wear a coat 

IF it is cold 

THEN stay at home 

IF it is cold 

THEN turn on the heat 

 If there is a single fact in the fact database, which is “it is cold,” then clearly 
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there are three conclusions that can be derived. In some cases, it might be fine 

to follow all three conclusions, but in many cases the conclusions are 

incompatible. 

 In one conflict resolution method, rules are given priority levels, and when a 

conflict occurs, the rule that has the highest priority is fired, as in the following example: 

IF patient has pain 

THEN prescribe painkillers priority 10 

IF patient has chest pain 

THEN treat for heart disease priority 100 

 Here, it is clear that treating possible heart problems is more important than 

just curing the pain. 

 An alternative method is the longest-matching strategy. This method 

involves firing the conclusion that was derived from the longest rule. 

 

 For example: 

IF patient has pain 

THEN prescribe painkiller 

IF patient has chest pain 

AND patient is over 60 

AND patient has history of heart conditions 

THEN take to emergency room 

 Here, if all the antecedents of the second rule match, then this rule’s 

conclusion should be fired rather than the conclusion of the first rule because 

it is a more specific match. 

 A further method for conflict resolution is to fire the rule that has matched the 

facts most recently added to the database. 

 In each case, it may be that the system fires one rule and then stops, but in 

many cases, the system simply needs to choose a suitable ordering for the 

rules because each rule that matches the facts needs to be fired at some point. 
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 Meta Rules 

 In designing an expert system, it is necessary to select the conflict resolution 

method that will be used, and quite possibly it will be necessary to use different methods to 

resolve different types of conflicts. 

 For example, in some situations it may make most sense to use the method 

that involves firing the most recently added rules. 

 This method makes most sense in situations in which the timeliness of data is 

important. It might be, for example, that as research in a particular field of medicine 

develops, and new rules are added to the system that contradicts some of the older rules. 

 It might make most sense for the system to assume that these newer rules are 

more accurate than the older rules. 

 It might also be the case, however, that the new rules have been added by an 

expert whose opinion is less trusted than that of the expert who added the 

earlier rules. 

 In this case, it clearly makes more sense to allow the earlier rules priority. 

 This kind of knowledge is called meta knowledge—knowledge about knowledge. 

The rules that define how conflict resolution will be used, and how other aspects of 

the system itself will run, are called meta rules. 

 The knowledge engineer who builds the expert system is responsible for building 

appropriate meta knowledge into the system (such as “expert A is to be trusted 

more than expert B” or “any rule that involves drug X is not to be trusted as much as 

rules that do not involve X”). 

 Meta rules are treated by the expert system as if they were ordinary rules but 

are given greater priority than the normal rules that make up the expert system. In this 

way, the meta rules are able to override the normal rules, if necessary, and are certainly 

able to control the conflict resolution process. 

Backward Chaining 

 Forward chaining applies a set of rules and facts to deduce whatever conclusions 

can be derived, which is useful when a set of facts are present, but you do not know 

what conclusions you are trying to prove. 
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 Forward chaining can be inefficient because it may end up proving a number of 

conclusions that are not currently interesting. 

 In such cases, where a single specific conclusion is to be proved, backward chaining 

is more appropriate. 

 In backward chaining, we start from a conclusion, which is the hypothesis we wish 

to prove, and we aim to show how that conclusion can be reached from the rules 

and facts in the database. 

 The conclusion we are aiming to prove is called a goal, and so reasoning in this way 

is known as goal-driven reasoning. 

 Backward chaining is often used in formulating plans. 

 A plan is a sequence of actions that a program decides to take to solve a particular 

problem. 

 Backward chaining can make the process of formulating a plan more efficient than 

forward chaining. 

 Backward chaining in this way starts with the goal state, which is the set of 

conditions the agent wishes to achieve in carrying out its plan. It now examines this 

state and sees what actions could lead to it. 

 For example, if the goal state involves a block being on a table, then one possible 

action would be to place that block on the table. 

 This action might not be possible from the start state, and so further actions need to 

be added before this action in order to reach it from the start state. 

 In this way, a plan can be formulated starting from the goal and working back 

toward the start state. 

 The benefit in this method is particularly clear in situations where the first state 

allows a very large number of possible actions. 

 In this kind of situation, it can be very inefficient to attempt to formulate a plan 

using forward chaining because it involves examining every possible action, without 

paying any attention to which action might be the best one to lead to the goal state. 
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 Backward chaining ensures that each action that is taken is one that will definitely 

lead to the goal, and in many cases this will make the planning process far more 

efficient. 

 

Comparing Forward and Backward Chaining 

 

 Let us use an example to compare forward and backward chaining. In this  case, we 

will revert to our use of symbols for logical statements, in order to clarify the 

explanation, but we could equally well be using rules about elevators or the 

weather. 

Rules: 

Rule 1 A ^ B → C 

Rule 2 A → D 

Rule 3 C ^ D → E 

Rule 4 B ^ E ^ F → G 

Rule 5 A ^ E → H 

Rule 6 D ^ E ^ H → I 

Facts: 

Fact 1 A 

Fact 2 B 

Fact 3 F 

Goal: 

Our goal is to prove H. 

 

 First let us use forward chaining. As our conflict resolution strategy, we will fire 

rules in the order they appear in the database, starting from Rule 1. 

 In the initial state, Rules 1 and 2 are both triggered. We will start by firing Rule 1, 

which means we add C to our fact database. Next, Rule 2 is fired, meaning we add D 

to our fact database. 

 We now have the facts A, B, C, D, F, but we have not yet reached our goal, which is G. 
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 Now Rule 3 is triggered and fired, meaning that fact E is added to the database. 

 As a result, Rules 4 and 5 are triggered. Rule 4 is fired first, resulting in Fact G being 

added to the database, and then Rule 5 is fired, and Fact H is added to the database. 

 We have now proved our goal and do not need to go on any further. 

 This deduction is presented in the following table: 

 

 

 

Now we will consider the same problem using backward chaining. To do so, we will use a 

goals database in addition to the rule and fact databases. 

 In this case, the goals database starts with just the conclusion, H, which we want to 

prove. We will now see which rules would need to fire to lead to this conclusion. 

 Rule 5 is the only one that has H as a conclusion, so to prove H, we must prove the 

antecedents of Rule 5, which are A and E. 

 Fact A is already in the database, so we only need to prove the other antecedent, E. 

Therefore, E is added to the goal database. Once we have proved E, we now know 

that this is sufficient to prove H, so we can remove H from the goals database. 

 So now we attempt to prove Fact E. Rule 3 has E as its conclusion, so to prove E, we 

must prove the antecedents of Rule 3, which are C and D. 

 Neither of these facts is in the fact database, so we need to prove both of them. They 

are both therefore added to the goals database. D is the conclusion of Rule 2 and 

Rule 2’s antecedent, A, is already in the fact database, so we can conclude D and add 

it to the fact database. 
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 Similarly, C is the conclusion of Rule 1, and Rule 1’s antecedents, A and B, are both 

in the fact database. So, we have now proved all the goals in the goal database and 

have therefore proved H and can stop. 

 This process is represented in the table below: 

 

 

 In this case, backward chaining needed to use one fewer rule. If the rule database 

had had a large number of other rules that had A, B, and F as their antecedents, then 

forward chaining might well have been even more inefficient. 

 In general, backward chaining is appropriate in cases where there are few possible 

conclusions (or even just one) and many possible facts, not very many of which are 

necessarily relevant to the conclusion. 

 Forward chaining is more appropriate when there are many possible conclusions. 

 The way in which forward or backward chaining is usually chosen is to consider 

which way an expert would solve the problem. This is particularly appropriate 

because rule-based reasoning is often used in expert systems. 

 

Fuzzy reasoning- Certainty factors: 

 

 Fuzzy Systems include Fuzzy Logic and Fuzzy Set Theory. 

• Knowledge exists in two distinct forms : 

− the Objective knowledge that exists in mathematical form is used in engineering 

problems; and 

− the Subjective knowledge that exists in linguistic form, usually impossible to 

quantify. 

Fuzzy Logic can coordinate these two forms of knowledge in a logical way.  
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• Fuzzy Systems can handle simultaneously the numerical data and  linguistic knowledge. 

• Fuzzy Systems provide opportunities for modeling of conditions which are inherently 

imprecisely defined. 

• Many real world problems have been modeled, simulated, and replicated with the help of 

fuzzy systems. 

• The applications of Fuzzy Systems are many like : Information retrieval systems,  

Navigation system, and Robot vision. 

• Expert Systems design have become easy because their domains are inherently fuzzy and 

can now be handled better;  

Examples :  

Decision-support systems, Financial planners, Diagnostic system, and 

Meteorological system. 

Any system that uses Fuzzy mathematics may be viewed as Fuzzy system. 

The Fuzzy Set Theory - membership function, operations, properties and the relations have 

been described in previous lectures. These are the prerequisites for understanding Fuzzy 

Systems. The applications of Fuzzy set theory is Fuzzy logic which is covered in this section. 

Here the emphasis is on the design of fuzzy system and fuzzy controller in a closed–loop. 

The specific topics of interest are : 

− Fuzzification of input information, 

− Fuzzy Inferencing using Fuzzy sets , 

− De-Fuzzification of results from the Reasoning process, and 

− Fuzzy controller in a closed–loop. 

 

Fuzzy Inferencing, is the core constituent of a fuzzy system. A block schematic of Fuzzy 

System is shown in the next slide. Fuzzy Inferencing combines the facts obtained from the 

Fuzzification with the fuzzy rule base and conducts the Fuzzy Reasoning Process. 

 

A block schematic of Fuzzy System is shown below 
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Fuzzy System elements 
 

− Input Vector : X = [x1 , x2, . . . xn ] T are crisp values, which are transformed into 

fuzzy sets in the fuzzification block. 

− Output Vector : Y = [y1 , y2, . . . ym ] T comes out from the defuzzification block, 

which transforms an output fuzzy set back to a crisp value. 

− Fuzzification : a process of transforming crisp values into grades of membership 

for linguistic terms, "far", "near", "small" of fuzzy sets. 

− Fuzzy Rule base : a collection of propositions containing linguistic  variables; the 

rules are expressed in the form: 

If (x is A ) AND (y is B ) . . . . . . THEN (z is C) 

 

where x, y and z represent variables (e.g. distance, size) and A, B and Z are linguistic 

variables (e.g. `far', `near', `small'). 

− Membership function : provides a measure of the degree of similarity of elements 

in the universe of discourse U to fuzzy set. 

− Fuzzy Inferencing : combines the facts obtained from the Fuzzification with the 

rule base and conducts the Fuzzy reasoning process. 

− Defuzzyfication: Translate results back to the real world values. 
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Fuzzy Logic 

A simple form of logic, called a two-valued logic is the study of "truth tables" and logic 

circuits. Here the possible values are true as 1, and false as 0. 

This simple two-valued logic is generalized and called fuzzy logic which treats "truth" as a 

continuous quantity ranging from 0 to 1. 

Definition : Fuzzy logic (FL) is derived from fuzzy set theory dealing with reasoning that is 

approximate rather than precisely deduced from classical two-valued logic. 

− FL is the application of Fuzzy set theory. 

− FL allows set membership values to range (inclusively) between 0 and 1. 

− FL is capable of handling inherently imprecise concepts. 

− FL allows in linguistic form, the set membership values to imprecise concepts 

like "slightly", "quite" and "very". 

 

Bayesian thoery 

An agent must update its belief when it observes new evidence. A new piece of 

evidence is conjoined to the old evidence to form the complete set of evidence. Bayes' rule 

specifies how an agent should update its belief in a proposition based on a new piece of 

evidence. 

Suppose an agent has a current belief in proposition h based on evidence k already 

observed, given by P(h|k), and subsequently observes e. Its new belief in h is P(h|e∧k). 

Bayes' rule tells us how to update the agent's belief in hypothesis h as new evidence 

arrives. 

Proposition:  (Bayes' rule)  

As long as P(e|k)≠0, 

P(h | e ∧k) = P(e | h ∧k) ×P(h | k) / P(e | k). 

This is often written with the background knowledge k implicit. In this case, 

if P(e)≠0, then 

P(h | e ) = P(e | h ) ×P(h ) / P(e ). 

P(e|h) is the likelihood of the hypothesis h; P(h) is the prior of the hypothesis h. 

Bayes' rule states that the posterior is proportional to the likelihood times the prior. 
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Proof: 

The commutativity of conjunction means that h∧e is equivalent to e ∧h, and so they 

have the same probability given k. Using the rule for multiplication in two different ways, 

P(h| e ∧k) = p (e | h ∧k ) ×P(h | k) / P(e | k) 

 

 This is often written with the background knowledge k implicit. In this case, if P(e)≠0, then 
 

P(h | e ∧k) = P(h|e∧k) ×P(e|k) 

               = P(e|h∧k)×P(h|k). 

The theorem follows from dividing the right-hand sides by P(e|k). 

Bayes' rule is used to compare various hypotheses (different hi's), where it can be 

noticed that the denominator P(e | k) is a constant that does not depend on the particular 

hypothesis. When comparing the relative posterior probabilities of hypotheses, we can 

ignore the denominator. To get the posterior probability, the denominator can be 

computed by reasoning by cases. If H is an exclusive and covering set of propositions 

representing all possible hypotheses, then 

  
 P(e|k)= ∑ h∈HP(e∧h| k) 

 
= 

 
=∑h∈HP(e|h∧k)×P(h|k). 

 

Thus, the denominator of Bayes' rule is obtained by summing the numerators for all 

the hypotheses. When the hypothesis space is large, computing the denominator can be 

computationally difficult. 

Generally, one of P(e | h ∧k) or P(h | e ∧k) is much easier to estimate than the other. 

This often occurs when you have a causal theory of a domain, and the predictions of 

different hypotheses - the P(e | hi ∧k) for each hypothesis hi - can be derived from the 

domain theory. 

 

Bayesian Network 

The notion of conditional independence can be used to give a concise representation 

of many domains. The idea is that, given a random variable X, a small set of variables may 

exist that directly affect the variable's value in the sense that X is conditionally independent 
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of other variables given values for the directly affecting variables. The set of locally  

affecting variables is called the Markov blanket. This locality is what is exploited in a belief 

network. A belief network is a directed model of conditional dependence among a set of 

random variables. The precise statement of conditional independence in a belief network 

takes into account the directionality. 

To define a belief network, start with a set of random variables that represent all of the 

features of the model. Suppose these variables are {X1,...,Xn}. Next, select a total ordering of 

the variables, X1,...,Xn. 

The chain rule shows how to decompose a conjunction into conditional 

probabilities: 

P(X1=v1∧X2=v2∧···∧Xn=vn) 

 
= ∏i=1n P(Xi=vi|X1=v1∧···∧Xi-1=vi-1). 

Or, in terms of random variables and probability distributions, 

P(X1, X2,···, Xn) = ∏i=1n P(Xi|X1, ···, Xi-1). 

Define the parents of random variable Xi, written parents(Xi), to be a minimal set of 

predecessors of Xi in the total ordering such that the other predecessors of Xi are 

conditionally independent of Xi given parents(Xi). That is, parents(Xi) ⊆{X1,...,Xi-1} such 

that 

  

P(Xi|Xi-1...X1) = P(Xi|parents(Xi)). 

If more than one minimal set exists, any minimal set can be chosen to be the parents. There 

can be more than one minimal set only when some of the predecessors are deterministic 

functions of others. We can put the chain rule and the definition of parents together, giving 

 P(X1, X2,···, Xn) = ∏i=1
n P(Xi|parents(Xi)). 

The probability over all of the variables, P(X1, X2,···, Xn), is called the joint probability 

distribution. A belief network defines a factorization of the joint probability distribution, 

where the conditional probabilities form factors that are multiplied together. 
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A belief network, also called a Bayesian network, is an acyclic directed graph (DAG), where 

the nodes are random variables. There is an arc from each element of parents(Xi) into Xi. 

Associated with the belief network is a set of conditional probability distributions - the 

conditional probability of each variable given its parents (which includes the prior 

probabilities of those variables with no parents). 

Thus, a belief network consists of 

 a DAG, where each node is labeled by a random variable; 

 a domain for each random variable; and 

 a set of conditional probability distributions giving P(X|parents(X)) for each 

variable X. 

A belief network is acyclic by construction. The way the chain rule decomposes the 

conjunction gives the ordering. A variable can have only predecessors as parents. Different 

decompositions can result in different belief networks. 

Example 

 Suppose we want to use the diagnostic assistant to diagnose whether there is a fire 

in a building based on noisy sensor information and possibly conflicting explanations of 

what could be going on. The agent receives a report about whether everyone is leaving the 

building. Suppose the report sensor is noisy: It sometimes reports leaving when there is no 

exodus (a false positive), and it sometimes does not report when everyone is leaving (a 

false negative). Suppose the fire alarm going off can cause the leaving, but this is not a 

deterministic relationship. Either tampering or fire could affect the alarm. Fire also causes 

smoke to rise from the building. 

Suppose we use the following variables, all of which are Boolean, in the following order: 

 Tampering is true when there is tampering with the alarm. 

 Fire is true when there is a fire. 

 Alarm is true when the alarm sounds. 

 Smoke is true when there is smoke. 

 Leaving is true if there are many people leaving the building at once. 

 Report is true if there is a report given by someone of people 

leaving. Report is false if there is no report of leaving. 
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The variable Report denotes the sensor report that people are leaving. This information is 

unreliable because the person issuing such a report could be playing a practical joke, or no 

one who could have given such a report may have been paying attention. This variable is 

introduced to allow conditioning on unreliable sensor data. The agent knows what the 

sensor reports, but it only has unreliable evidence about people leaving the building. As 

part of the domain, assume the following conditional independencies: 

 Fire is conditionally independent of Tampering (given no other 

information). 

 Alarm depends on both Fire and Tampering. That is, we are making no 

independence assumptions about how Alarm depends on its predecessors 

given this variable ordering. 

 Smoke depends only on Fire and is conditionally independent 

of Tampering and Alarm given whether there is a Fire. 

 Leaving only depends on Alarm and not directly   

on Fire or Tampering or Smoke. That is, Leaving is conditionally 

independent of the other variables given Alarm. 

 Report only directly depends on Leaving. 
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This network represents the factorization 

P(Tampering,Fire,Alarm,Smoke,Leaving,Report) 

 
= 

P(Tampering) ×P(Fire) 

×P(Alarm|Tampering,Fire) 

  

×P(Smoke|Fire) 

×P(Leaving|Alarm) 

×P(Report|Leaving). 

We also must define the domain of each variable. Assume that the variables are Boolean; 

that is, they have domain {true,false}. We use the lower-case variant of the variable to 

represent the true value and use negation for the false value. Thus, for 

example, Tampering=true is written as tampering, andTampering=false is written 

as ¬tampering. 

The examples that follow assume the following conditional probabilities: 

P(tampering) = 0.02 

P(fire) = 0.01 

P(alarm | fire ∧tampering) = 0.5 

P(alarm | fire ∧¬tampering) = 0.99 

P(alarm | ¬fire ∧tampering) = 0.85 

P(alarm | ¬fire ∧¬tampering) = 0.0001 

P(smoke | fire ) = 0.9 

P(smoke | ¬fire ) = 0.01 

P(leaving | alarm) = 0.88 

P(leaving | ¬alarm ) = 0.001 

P(report | leaving ) = 0.75 

P(report | ¬leaving ) = 0.01 

 

Dempster- Shafer theory 

 

 The Dempster-Shafer theory, also known as the theory of belief functions, is a 

generalization of the Bayesian theory of subjective probability. 
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 Whereas the Bayesian theory requires probabilities for each question of interest, 

belief functions allow us to base degrees of belief for one question on probabilities 

for a related question. These degrees of belief may or may not have the 

mathematical properties of probabilities; 

 The Dempster-Shafer theory owes its name to work by A. P. Dempster (1968) and 

Glenn Shafer (1976), but the theory came to the attention of AI researchers in the 

early 1980s, when they were trying to adapt probability theory to expert systems. 

 Dempster-Shafer degrees of belief resemble the certainty factors in MYCIN, and this 

resemblance suggested that they might combine the rigor of probability theory with 

the flexibility of rule-based systems. 

 The Dempster-Shafer theory remains attractive because of its relative flexibility. 

 The Dempster-Shafer theory is based on two ideas: 

o the idea of obtaining degrees of belief for one question from subjective 

probabilities for a related question, 

o Dempster's rule for combining such degrees of belief when they are based on 

independent items of evidence. 

 To illustrate the idea of obtaining degrees of belief for one question from subjective 

probabilities for another, suppose I have subjective probabilities for the reliability of 

my friend Betty. My probability that she is reliable is 0.9, and my probability that she 

is unreliable is 0.1. Suppose she tells me a limb fell on my car. This statement, which 

must true if she is reliable, is not necessarily false if she is unreliable. So her testimony 

alone justifies a 0.9 degree of belief that a limb fell on my car, but only a zero degree of 

belief (not a 0.1 degree of belief) that no limb fell on my car. This zero does not mean that I 

am sure that no limb fell on my car, as a zero probability would; it  erely means that Betty's 

testimony gives me no reason to believe that no limb fell on my car. The 0.9 and the zero 

together constitute a belief function. 

 To illustrate Dempster's rule for combining degrees of belief, suppose I also have a 

0.9 subjective probability for the reliability of Sally, and suppose she too testifies, 

independently of Betty, that a limb fell on my car. The event that Betty is reliable is 

independent of the event that Sally is reliable, and we may multiply the probabilities 
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of these events; the probability that both are reliable is 0.9x0.9 = 0.81, the probability 

that neither is reliable is 0.1x0.1 = 0.01, and the probability that at least one is reliable 

is 1 - 0.01 = 0.99. Since they both said that a limb fell on my car, at least of them 

being reliable implies that a limb did fall on my car, and hence I may assign this event 

a degree of belief of 0.99. Suppose, on the other hand, that Betty and Sally contradict 

each other—Betty says that a limb fell on my car, and Sally says no limb fell on my 

car. In this case, they cannot both be right and hence cannot both be reliable—only 

one is reliable, or neither is reliable. The prior probabilities that only Betty is reliable, 

only Sally is reliable, and that neither is reliable are 0.09, 0.09, and 0.01, respectively, 

and the posterior probabilities (given that not both are reliable) are 9 19 , 9 19 , and 1 

19 , respectively. Hence we have a 9 19 degree of belief that a limb did fall on my car 

(because Betty is reliable) and a 9 19 degree of belief that no limb fell on my car 

(because Sally is reliable). 

 In summary, we obtain degrees of belief for one question (Did a limb fall on my car?) 

from probabilities for another question (Is the witness reliable?). Dempster's rule 

begins with the assumption that the questions for which we have probabilities are 

independent with respect to our subjective probability judgments, but this independence is 

only a priori; it disappears when conflict is discerned between the different items of 

evidence. 

 Implementing the Dempster-Shafer theory in a specific problem generally involves 

solving two related problems. 

o First, we must sort the uncertainties in the problem into a priori independent 

items of evidence. 

o Second, we must carry out Dempster's rule computationally. These two 

problems and their solutions are closely related. 

 Sorting the uncertainties into independent items leads to a structure involving items 

of evidence that bear on different but related questions, and this structure can be 

used to make computations 

 This can be regarded as a more general approach to representing uncertainty than 

the Bayesian approach. 
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The basic idea in representing uncertainty in this model is: 

 Set up a confidence interval -- an interval of probabilities within which the 

true probability lies with a certain confidence -- based on the Belief B and 

plausibility PL provided by some evidence E for a proposition P. 

 The belief brings together all the evidence that would lead us to believe in P 

with some certainty. 

 The plausibility brings together the evidence that is compatible with P and is 

not inconsistent with it. 

 This method allows for further additions to the set of knowledge and does 

not assume disjoint outcomes. 

 If Ω is the set of possible outcomes, then a mass probability, M, is defined for 

each member of the set  2 Ω and takes values in the range [0,1].  

The Null set,θ , is also a member of  2 Ω . 

 This deals wit set theory terminology that will be dealt with in a tutorial shortly. 

Also see exercises to get experience of problem solving in this important 

subject matter. 

M is a probability density function defined not just for Ω but for em all subsets. 

 

So if is the set { Flu (F), Cold (C), Pneumonia (P) } then is the set {θ , {F}, {C}, {P}, {F, C}, {F, 

P}, {C, P}, {F, C, P} } 

The confidence interval is then defined as [B(E),PL(E)], where 

 

Where i.e. all the evidence that makes us believe in the correctness of P, and 

 

where  i.e. all the evidence that contradicts P. 

 

 Let X be the universal set: the set of all states under consideration. The power set is 
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the set of all possible sub-sets of X, including the empty set . For example, if: X = 

{a,b}then 2x = {Ǿ, {a},{b}, X} 

 The elements of the power set can be taken to represent propositions that one 

might be interested in, by containing all and only the states in which this 

proposition is true. 

 The theory of evidence assigns a belief mass to each element of the power set. 

Formally, a function m: 2x→ [0, 1] is called a basic belief assignment (BBA), when it 

has two properties. 

 First, the mass of the empty set is zero: m (Ǿ) = 0 

 Second, the masses of the remaining members of the power set add up to a total of  

1: 

Σ m(A) = 1 

A€ 2x 

  The mass m(A) of a given member of the power set, A, expresses the proportion of 

all relevant and available evidence that supports the claim that the actual state 

belongs to A but to no particular subset of A. The value of m(A) pertains only to the 

set A and makes no additional claims about any subsets of A, each of which have, by 

definition, their own mass. 

 From the mass assignments, the upper and lower bounds of a probability interval 

can be defined. This interval contains the precise probability of a set of interest (in 

the classical sense), and is bounded by two non-additive continuous measures called 

belief (or support) and plausibility: 

 bel(A) ≤ P(A) ≤ pl(A) 
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Benefits of Dempster-Shafer Theory: 

 Allows proper distinction between reasoning and decision taking 
 No modeling restrictions (e.g. DAGs) 
 It represents properly partial and total ignorance 
 Ignorance is quantified: 

o low degree of ignorance means 
- high confidence in results 
- enough information available for taking decisions 
o high degree of ignorance means 
- low confidence in results 
- gather more information (if possible) before taking decisions 

 Conflict is quantified: 
o low conflict indicates the presence of confirming information sources 
o high conflict indicates the presence of contradicting sources. 
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 Simplicity: Dempster’s rule of combination covers 

 combination of evidence 
 Bayes’ rule 
 Bayesian updating (conditioning) 
 belief revision (results from non-monotonicity) 
 

 DS-Theory is not very successful because: 
 Inference is less efficient than Bayesian inference 
 Pearl is the better speaker than Dempster (and Shafer, Kohlas, etc.) 
 Microsoft supports Bayesian Networks 
 The UAI community does not like „outsiders“. 
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Artificial Intelligence and Expert System 

Class Notes 

(Unit – IV) 

 

Natural language processing 

There have been three different approaches taken in the development of natural language 

understanding program. 

(i) The use of keyword and pattern matching. 

(ii) Comparing and matching the input to the real world situations. 

(iii) Combined syntactic(structural) and semantic directed analysis. 

The Keyword and pattern matching is the simplest. It is based on the use of sentence templates, which 

contain keyword or phrases that are matched against input sentences. 

Advantage: Ungrammatical but meaningful sentences are still accepted. 

Disadvantage: No actual knowledge structures are created. 

Comparing and matching the input to the real world situation is based on the use of structure such as 

frames or scripts. It depends on the use of constraints imposed by context & world knowledge to 

develop an understanding of the language inputs. 

 Advantage: Much of the computation required for syntactical analysis is bypassed. 

 Disadvantage: A substantial amount of specific, as well as general knowledge must be pre-

stored. 

In Syntactic and semantic directed analysis, knowledge structures are constructed during the syntactic 

and semantic analysis of the input sentence. Parsers are used analyze individual sentences and to build 

structures that can be used directly or transformed into the required knowledge formats. 

 Advantage: The power and versatility it provides. 

 Disadvantage: Large amount of computation is required. 

 

Basic steps of Natural Language processing with suitable block diagram. 
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Natural languages are those spoken by people. We can break the process down into the following 

pieces: 

 

1) Morphological Analysis: Individual worlds are analyzed into their components and non word tokens, 

such as punctuation are separated from the words. 

 

2) Syntactic Analysis: Linear sequences of words are transformed into structures that show how the 

words relate each other. Some word sequences may be rejected if they violate the languages rules for 

how words may be combined. 

 

3) Semantic Analysis: The structures created by the syntactic analyzer are assigned meanings. 

 

4) Discourse Integration: The meaning of an individual sentence may depend on the sentences that 

precede it and may influence the meanings of the sentence (may depend on the sentences that precede 

it) that follow it. 

 

5) Pragmatic Analysis: The structure representing what was said is reinterpreted to determine that what 

was actually meant. For example, the sentence “Do you know what time it is?” should be interpreted as 

a request to be told the time. 

 

 

Fig: Block Diagram of Natural Language Processing 

Results of each of the main processes combine to form a natural language system.  

 

Parsing: The process of determining the syntactical structure of a sentence is known as parsing. The 

structure of a sentence can be represented with a syntactic tree. It converts a flat list into a hierarchical 

Input String Parser Output 

Representation 

Structure 

Lexicon 
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structure. Parsers may be designed to process a sentence using either a Top-Down or a Bottom-Up 

approach. 

Bottom-Up Parsing begins with the sentence to be parsed and applies the grammar rules backward until 

a single tree whose terminals are the words of the sentence and whose top node is the start symbol has 

been produced. Consider the sentence “Kathy Jumped the Horse”. 

 

    Kathy Jumped The Horse 

N Jumped The Horse 

N V The Horse 

N V ART Horse 

N V ART N 

N V NP 

N VP 

NP VP 

 S 

 

Top-Down Parsing begins with the start symbol and applies the grammar rules forward until the 

symbols at the terminal of the tree  corresponds to the components of the sentence being parsed. 

Consider the sentence “Kathy Jumped the Horse”. 

 

S NP VP 

  N  VP 

  Kathy VP 

  Kathy V NP 

  Kathy Jumped NP 

  Kathy Jumped ART N 

  Kathy Jumped The N  
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  Kathy Jumped The Horse 

 

Lexicon: The lexicon is a dictionary of words where each word contains some syntactic, semantic and 

possibly some pragmatic information. 

 

Draw the parse tree for the following sentences: 

 

Sourav scored a beautiful goal. 

 

Recursive Transition Network (RTN)  

 

A recursive transition network (RTN) is defined by a graph of nodes and edges. The edges are labeled 

with output symbols—these are the primitives in the language. The nodes and edge structure provides 

the means of combination. One of the nodes is designated the start node (indicated by an arrow 

pointing into that node). One or more of the nodes may be designated as final nodes (indicated by an 

inner circle). A string is in the language if there exists some path from the start node to a final node in 

the graph where the output symbols along the path edges produce the string. A simple RTN with three 

nodes and four edges that can produce four different sentences. Starting at the node marked Noun, 

there are two possible edges to follow. Each edge outputs a different symbol, and leads to the node 

marked Verb. From that node there are two output edges, each leading to the final node marked S. 

Since there are no edges out of S, this ends the string. Hence, the RTN can produce four strings 

corresponding to the four different paths from the start to final node: “Alice jumps”, “Alice runs”, “Bob 

jumps”, and “Bob runs”.Recursive transition networks are more efficient than listing the strings in a 

language, since the number of possible strings increases with the number of possible paths through the 

graph. 
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Consider what happens when we add the single “and” edge to the previous network to produce the 

network shown in Figure 2.2 below. 

 

 

 

 

 

 

 

 

 

 

 

Now, we can produce infinitely many different strings! We can follow the “and” edge back to the Noun 

node to produce strings like “Alice runs and Bob jumps and Alice jumps” with as many conjuncts as we 

want. 

 

Different strings can be produced by the RTN below: 
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a. How many nodes are needed for a recursive transition network that can produce exactly 8 strings? 

b. How many edges are needed for a recursive transition network that can produce exactly 8 strings? 
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Augmented Transition Networks 

 

An augmented transition network (ATN) is a type of graph structure used in the operational definition 

of formal languages, used especially in parsing relatively complex natural languages, and having wide 

application in artificial intelligence. An ATN can, theoretically, analyze the structure of any sentence, 

however complicated. 

 

Parsing with an ATN 

1. Set the ATN pointer to [S] and the source pointer to the 1st word of the sentence.  The ATN 
pointer points to the current node. 

2. Select an arc out of the current node which satisfies any associated test and, if the arc is labeled 
with a word category, the current word must be a member of that category. 

3. Execute any actions associated with the arc and: 
• If the arc is a word category, update the current position in the source sentence by one 

word and change the current node to the destination of the arc 
• If the arc corresponds to another ATN, push the starting node of the ATN onto the ATN 

pointer 
• If the arc is jump, chage the current node to the destination of that arc 
• If the arc is done, pop the current node off of the ATN pointer and set * to the value 

returned by this node.  If the ATN pointer is now empty and all of the text has been 
processed, return *.  If the ATN pointer is empty and there is remaining text, fail.  
Otherwise, return to step 2. 

Planning: 

Definition: Generation of a sequence of actions to achieve a goal is called planning. 

Planning is the process of computing several steps of a problem-solving procedure before executing any 

of them. This problem can be solved by search.  

Both planning and searching concerned with finding a path from a start state to a goal. The main 

difference between search and planning is the representation of states: 

In search, states are represented as a single entity (which may be quite a complex object, but its internal 

structure is not used by the search algorithm). 

In planning, states have structured representations (collections of properties) which are used by the 

planning algorithm 

 

There are two types of planners: 
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    Progression Planner: It searches forward from the initial situation to the goal situation.  

    Regression Planner: It searches backward from the goal situation to the initial situation. 

 

Representation of Planning 

The representation of planning problems-states, actions, and goals-should make it possible for planning 

algorithms to take advantage of the logical structure of the problem. 

Representation of states. Planners decompose the world into logical conditions and represent a state as 

a conjunction of positive literals. 

Representation of goals. A goal is a partially specified state, represented as a conjunction of positive 

ground literals, 

Representation of actions. An action is specified in terms of the preconditions that must hold before it 

can be executed and the effects that ensue when it is executed. For example, an action for flying a plane 

from one location to another is:  

Action(Fly(p, from, to), 

PRECOND:At(p,from) ٨ Plane(p) ٨ Airport(from) ٨ Airport(to) 

EFFECT: ~At(p,from)  ٨ At(p, to)) 

 

This is more properly callled an action schema, meaning that it: represents a number of different actions 

that can be derived by instantiating the variables p, from, and to to different constants. In general, an 

action schema consists of three parts: 

The action name and parameter list-for example, Fly(p, from, to)-serves to identify the action. 

The precondition is a conjunction of function-free positive literals stating what must be true in a state 

before the action can be executed. Any variables in the precondition must also appear in the action's 

parameter list. 

The effect is a conjunction of function-free literals describing how the state changes when the action is 

executed. 

 

Representation of States: Conjunction of literals 

                      At(p, Raipur) ^ Plane(p) ^ Airport(Raipur) ^ Airport(Mumbai) 
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Representation of Goals 

                      At(p, Mumbai) 

Representation of Actions            Action Schema  

                         Action( 

                                      Fly(p,from,to),                                                     : Action Name 

                                      PRECOND: At(p,from) ^ Plane(p)                     : precondition must be true 

                                      EFFECT: ~At(p,from) ^ At(p,to) 

                                    ) 

 

A planner that can represent plans in which some steps are ordered (before or after) with respect to 

each other and other steps are unordered is called a partial order planner. Any planning algorithm that 

can place two actions into a plan without specifying which comes first is called a partial order planner. 

The alternative is a total order planner, in which plans consist of a simple list of steps. A totally ordered 

plan that is derived from a plan P  by adding ordering constraints is called a linearization of P. Total 

order plan search explores only strict linear sequence of actions directly connected to the start or goal. 
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Progression Planning 

Progression planners plan in a forwards direction, from the initial state to the goal. An operator is 

applicable to the current state if the atoms in its precondition all unify with atoms in the current 

state. We generate the successors by taking the current state and 

• inserting the operator’s positive effects (add-list), and 

• deleting the operator’s negative effects (delete-list). 

 

Regression Planning 

Regression planners plan in a backwards direction, from the goal to the initial state, 

applying operators in reverse. At each point, we compute predecessor states. For example, if the 

goal contains the atom holding(a), then we find all operators that have holding(x) as a positive 

effect. We generate the predecessors by taking the goal and 

• deleting all of the operator’s positive effects, and 

• inserting all of the operator’s preconditions. 

The predecessor now acts as a subgoal: it is a state that we would like to achieve. So we compute 

its predecessors. And so we continue until, if possible, we reach a subgoal all of whose atoms are 

true in the initial state. 

 

Progression vs Regression Planning: 

1. Progression is data driven. It may do lots of work that is irrelevant to the goal. Regression is 

goal driven, appropriate for problem solving. 

2. Complexity of regression planning can be much less than that of progression planning 

 

Partial-Order versus Total-Order Planning 

A planner that can represent plans in which some steps are ordered with respect to each other but 

others are unordered is a partial-order or non-linear planner. 

Simple-minded planners cannot represent plans in this way: even when steps do not need to be 

ordered, they are still ordered (the ordering coming from the order in which they were 

determined during planning). We call these total-order or linear planners. 

Plan space planning is amenable to partial-order planning in a way that state space planning is 

generally not. 
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Introduction to STRIPS 

The language of STRIPS is propositional or first-order logic. The state of the world is 

represented by a conjunction of literals, (but first-order literals must be ground and function-

free). 

The Closed World Assumption (CWA) holds: everything that is not mentioned in a state is 

assumed to be false.  

The current state is represented as a conjunction of literals. The goal is represented in STRIPS as 

a conjunction of positive (non-negated) literals. The goal is satisfied if the current state contains 

all (positive) literals in the goal. An action in is represented by a set of preconditions that must 

hold before it can be executed and a set of effects that happen when it is executed. 

Blocks World Planning Examples 

 

The world consists of: A flat surface such as a tabletop  
 An adequate set of identical blocks which are identified by letters.  
 The blocks can be stacked one on one to form towers of apparently unlimited height.  
 The stacking is achieved using a robot arm which has fundamental operations and states which can 

be assessed using logic and combined using logical operations.  
 The robot can hold one block at a time and only one block can be moved at a time.  
 

The Blocks World 

The blocks world is a simple world in which planning algorithms are commonly taught and 

demonstrated. It comprises a robot arm and a number of labeled wooden cubes, resting on a table. 

Here is an example of an initial state and a goal state. 

 

 

 

 

 

 

 

The robot is capable of four actions: stacking a block that it is holding on top of another block; 

unstacking a block from another block; picking a block up from the table; and putting down a block that 

it is holding onto the table. 
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We shall use the four actions:  
UNSTACK(A,B)  -- pick up clear block A from block B;  

STACK(A,B)        -- place block A using the arm onto clear block B;  

PICKUP(A)          -- lift clear block A with the empty arm;  

PUTDOWN(A)    -- place the held block A onto a free space on the table.  

and the five predicates:  
      ON(A,B)                -- block A is on block B.  

      ONTABLE(A)      -- block A is on the table.  

      CLEAR(A)            -- block A has nothing on it.  

      HOLDING(A)       -- the arm holds block A.  

      ARMEMPTY        -- the arm holds nothing.  

 

Using logic but not logical notation we can say that If the arm is holding a block it is not empty 

If block A is on the table it is not on any other block If block A is on block B,block B is not 

clear.  

 

 

 

 

 

start state:  

ON(B, A)  ONTABLE(A)  ONTABLE(C)  ONTABLE(D)  ARMEMPTY  

 

goal state:  

ON(C, A)  ON(B,D)  ONTABLE(A)  ONTABLE(D)  
 

we derive the following plan  

1. UNSTACK(B,A)  
2. STACK (B,D)  
3. PICKUP(C)  
4. STACK (C,A)  

 

The blocks world is chosen because:  

 it is sufficiently simple and well behaved.  
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 easily understood  

 yet still provides a good sample environment to study planning:  
o problems can be broken into nearly distinct subproblems  
o we can show how partial solutions need to be combined to form a realistic complete 

solution.  
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Artificial Intelligence and Expert System 

Class Notes 

(Unit – V) 

 

Expert System: 

An expert system is a set of programs that manipulate encoded knowledge to solve problems in a 

specialized domain that normally requires human expertise. 

 

Successful Expert Systems 

Expert systems can be created almost for any domain for which there exists a human expert. Some of 

the expert systems which have been created are: 

 

DENDRAL – It is considered to be the first expert system. It identifies the molecular structure of 

unknown compounds. It is developed by Stanford University. 

 

MYCIN – A seminal expert system which made significant contributions to the field; but was not used 

in actual practice. Provides assistance to physicians in the diagnosis and treatment of meningitis and 

bacterial infections. It is developed by Stanford University. 

 

PROSPECTOR – Used successfully to locate deposits of several minerals, including copper and uranium. 

It is developed by SRI International. 

 

ALTREX – helps diagnose engine troubles of certain models of Toyota cars. Used in a central service 

department which can be called up by those actually servicing the cars for assistance, if required. 

It is developed by their research lab. 
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PREDICTE – Given information about a high-rise building to be constructed, it provides estimates of the 

time required to construct it. Developed by Digital Equipment Corporation for use by Land Lease, 

Australia. 

 

XCON/R1: It is used at Digital Equipment Corporation for configuring VAX computer. 

 

 

 

Characteristics Features of Expert System: 

1. Expert systems use knowledge rather than data to control the solution process. 
2. The knowledge is encoded and maintained as an entity separate from the control program. 
3. Expert systems are capable of explaining how a particular conclusion was reached. 
4. Expert systems use symbolic representations for knowledge and perform their inference 

through symbolic computation. 
5. Expert systems often reason with meta-knowledge. 

 

Applications of Expert system: 

1. Different types of medical diagnosis. 
2. Diagnosis of complex electronic and electromechanical systems. 
3. Forecasting crop damage. 
4. Numerous applications related to space planning and exploration. 
5. The design of very large scale integration (VLSI) systems. 
6. Stock and bond portfolio selection and management. 
7. Planning experiments in biology, chemistry and molecular genetics. 
8. Diagnosis of software development projects. 
9. Location of faults in computer and communication system. 
10. Numerous military applications ranging from battlefield assessment to ocean surveillance. 
 

Expert system Architecture/Rule based system architecture: 

The most common form of architecture used in expert and other types of knowledge based system is 

the production system, also called the rule based system. This type of system uses knowledge encoded 

in the form of production rules , that is , if …then rules. 

The system consists of the following components: 
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i) Knowledge base: 

ii) Inference Engine: 

iii) Explanation module: 

iv) Working memory: 

v) I/O interfaces: 

vi) Editor: 

vii) Case history File: 

viii) Learning Module:  

 

 

 

Non production system architecture: 

 

Knowledge Acquisition: Knowledge acquisition is the extraction of knowledge from sources of expertise 

and its transfer to the knowledge base and sometimes to the inference engine. Knowledge is a collection 

of specialized facts, procedures and judgment rules. There are 3 types of knowledge acquisition. 

1. Manual 
2. Semiautomatic 
3. Automatic (Computer Aided) 
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Manual Methods of Knowledge Acquisition 

 

 Process as shown in Figure 

 Interviewing 

 Tracking the Reasoning Process 

 Observing 

 Manual methods: slow, expensive and 
sometimes inaccurate 

Semiautomatic Methods 

 

 Support Experts Directly as shown in fig 

 Help Knowledge Based System 
 

 

Automatic Methods 

 Expert’s and/or the knowledge base’s roles are minimized (or eliminated) 

 Induction Method  
 

 

 

Knowledge Based System 
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Cut Predicate: The cut is a built in predicate that instructs the interpreter not to backtrack beyond the 

point at which it occurs. 

 

Fail Predicate: The fail predicate will make a clause to fail during execution. In order to force 

backtracking, this predicate is useful. 

 

Cut-fail Combination: A rule with cut-fail combination says that the search need not proceed. Cut-fail is 

also used for expressing negative facts. For example: “John does not like snakes” like(John,Snakes):- !,fail 

Example: 

Person(X):-Man(X)                                       If we change Person(X):-Man(X),! 

Man(John)     Answer: X=John 

Man(Mike)          If we change Person(X):-!,Man(X) 

                                                                  Answer: X=John   X=Mike 

      If we change Person(X):-Man(X),!,fail 

      Answer: No Answer 

 

 

Introduction to Expert Systems: MYCIN 

MYCIN was the first large expert system to perform at the level of a human expert and to 

provide users with an explanation of its reasoning. Most expert systems developed since 

MYCIN have used MYCIN as a benchmark to define an expert system. Moreover, the 

techniques developed for MYCIN have become widely available in the various small 
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expert system building tools. 

MYCIN was developed at Stanford University in the mid-1970s. It was designed 

to aid physicians in the diagnosis and treatment of meningitis and bacteremia infections. 

MYCIN was strictly a research system. AI investigators wanted to advance the state of 

expert system building by undertaking a hard problem with clear, practical ramifications. 

MYCIN'S EXPERTISE 

MYCIN provides consultative advice about bacteremia (infections that involve bacteria 

in the blood) and meningitis (infections that involve inflammation of the membranes that 

envelop the brain and spinal cord). These infectious diseases can be fatal and often show 

themselves during hospitalization. A patient, for example, might develop such an 

infection while recovering from heart surgery. The need to act quickly further 

compounds the problem. The attending physician typically takes samples to determine 

the identity of the infectious organisms, but positive identification normally takes 24 to 

48 hours. In many cases, the physician must begin treatment in the absence of complete 

lab results. The diagnosis and treatment of these diseases are complex enough that an 

attending physician will often seek the advice of an expert. 

MYCIN is a computer program designed to provide attending physicians with 

advice comparable to that which they would otherwise get from a consulting physician 

specializing in bacteremia and meningitis infections. To use MYCIN, the attending 

physician must sit in front of a computer terminal that is connected to a DEC-20 (one of 

Digital Equipment Corporation's mainframe computers) where the MYCIN program is 

stored. When the MYCIN program is evoked, it initiates a dialogue. The physician types 

answers in response to various questions. Eventually MYCIN provides a diagnosis and a 

detailed drug therapy recommendation. 

MYCIN reasons about data associated with a patient. It considers, for example, 
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laboratory results of body fluid analyses, symptoms that the patient is displaying, and 

general characteristics of the patient, such as age and sex. MYCIN obtains this 

information by interrogating the physician. A MYCIN consultation proceeds in two 

phases. First a diagnosis is made to identify the most likely infectious organisms. Then 

one or more drugs are prescribed that should control for all of the possible organisms. 

The antibiotics prescribed must rid the patient of the disease. They must also interact 

favorably with each other, and be appropriate for the specific patient. 

MYCIN may ask for the results of a test that has not yet been completed. In this 

case the physician must answer UNKNOWN. This is proper because, when diagnosing 

infections, doctors rarely have the luxury of perusing a complete set of laboratory data. 

Rather, because early treatment is important, doctors have learned to work from partial 

information. MYCIN accommodates to this situation by accepting UNKNOWN as a 

response. Like a human specialist, MYCIN will reason with incomplete information. 

In addition to unknown information, there also may be information of which the 

doctor is uncertain. Ambiguities arise in reading cultures, for example, in labeling 

symptoms. To accommodate uncertainty, all information given to MYCIN may be 

qualified by a certainty factor- a number between - 1 and + 1- that indicates the doctor's 

degree of confidence in the answer to a question. Thus, if a doctor is only moderately 

certain that a particular symptom is present, he or she can respond to a question by typing 

"YES .4" to indicate a limited confidence in the response. 

Doctors, like most consumers of expertise, are often interested in how a 

conclusion is reached or why information is requested. MYCIN is able to respond to 

such queries and, within constraints, can explain its reasoning. Users can ask "WHY?" 

when MYCIN is asking for data, and MYCIN will explain what hypotheses it is 

considering and how the present question will provide data that will add support or help 
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to rule out that hypothesis. After diagnosis and prescription are complete, the physician 

can if desired, trace MYCIN's entire diagnostic trail. 
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