
 

 

2 MARKS 

 

1)State the significance of using heuristic functions? 

As a heuristic function that evaluates individual problem states and determines how 

desired they  are.A heuristic function is a function that maps from problem state description to 

measures desirability, usually represented as number weights. The value of a heuristic function at 

a given node in the search process gives a good estimate of that node being on the desired path to 

solution. 

 

2)What is a constraint graph? 

It is helpful to visualize the Constraint Satisfaction Problem as a Constraint Graph.  

A Consraint Graph is a graph where the nodes of the graph corresponds to variables of the 

problem and the arcs corresponds to constraints. 

Eg:Map colouring problem 

  

3)Define ideal rational agent and omniscient agent 

For each possible percept sequence, an ideal rational agent should do whatever action 

is expected to maximize its performance measure on the basis of the evidence provided by the 

percept sequence & whatever built-in knowledge that the agent has. 

An omniscient agent knows the actual outcome of its action and can act accordingly; 

but omniscience is impossible in reality. 

 

4)Give the structure of an agent in an environment 

Agent=Agent Architecture+ Agent Program 

Architecture = the machinery that an agent executes on. 

An agent program implements the agent function mapping percepts to actions for an artificial 

agent 

 

5)What are the four components to define the problem define them 

 Initial state:The agent starts in 

 Successor function:Possible action available to the agent 

 Goal Test:Whether the given state is goal state 

 Path Cost:Numeric cost to each path 

 

6)What is Skolimization 

substituting a ground term(Skolem constant),for the variable in an existential statement – this 

process is called skolemization  

• Skolem constant is new symbol k not previously in KB  
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• Only applied once &  is discardedthen sentence 

E.g., ∃ x Crown ( x ) ∧ OnHead (x, John ) yields Crown ( C 1 ) ∧ OnHead ( C 1, John ) 

 

7)Define atomic sentence and complex sentence 

Atomic sentence: 

The invisible syntactic eleme ts consist of a single proposition symbol.Each symbol stand for a 

proposition that can be true or false 

Eg: John is a man 

Complex sentence: 

It is construced from simple sentence using logical connectives(Λ,V,¬,→,↔) 

Eg:John is tall and fair 

 

8)Write the generalized Modus ponens Rule 

generalized Modus ponens Rule: 

p1 ´, p2 ´, ...pn ´, (p1 ∧ p2 ∧...∧pn ⇒ q) |− SUBST(θ,q)  

where θ is a substitution such that for all i SUBST(θ,pi ´)=SUBST(θ,pi ) 

Eg: 

1) ∀x,y(Parent(x,y) ∧ Male(x) ⇒ Father(x,y))  

2) Parent(Tom,John)  

3) Male(Tom)  

θ={x/Tom, y/John)  

4) Father(Tom,John) 

9)What are the limitations in using propositional logic to represent knowledge base. 

 some knowledge is hard or impossible to encode in the propositional logic. They are 

.Statements about similar objects, relations  

. Statements referring to groups of objects. 

 Lots of propositional variables and lots of rules 

 

10)What is the significance in using the unification algorithm 

Lifted inference rules require finding substitutions that make different logical expressions 

look identical. This process is called unification. It is a key component of all first-order 

inference algorithms. 

 

11)What factors determine the selection of forward and backward reasoning approach for 

an AI problem? 

 If the system has all the necessary data to reach the goal then the forward reasoning is 

followed 
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 If the system doesn’t get all the information from the user then backward reasoning is 

followed 

 

12)What are the differences and similarities between problem solving and planning. 

We put these two ideas together to build planning agents. At the most abstract level, the task of 

planning is the same as problem solving. Planning can be viewed as a type of problem solving in 

which the agent uses beliefs about actions and their consequences to search for a solution over 

the more abstract space of plans, rather than over the space of situations 

 

13)Explain the concept of learning from example. 

Learning is a goal-directed process of a system that improves the knowledge or theknowledge 

representation of the system by exploring experience and prior knowledge. 

 

14)What are all the three factors involved in the analysis of efficiency gained from 

EBL(Explanation Based Learning) 

 Adding large no of rules can slow down the reasoning process.In other words it 

increases the branching factor in the search space 

 Derived rules should avoid dead ends to compensate the slowdown in reasoning 

 Derived rules should be general as possible 

 

15)State the expressiveness extension 

STRIPS is insufficiently expressive for some real domains. As a result, many language variants 

have been developed. Eg: Action description language 

Strips  ADL 

Only positive literals in states Positive and negative literals in states Eg: Poor 

∧ Unknown ¬Rich ∧ ¬Famous 

 

Only ground literals in goals: Rich ∧ Famous Quantified variables in goals:  

∃xAt(P1, x) ∧ At(P2, x) is the goal of having 

P1 and P2 in the same place 

 

16)What is partial order planning 

A set of actions that make up the steps of the plan. These are taken from the set of actions in the 

planning problem. The ―empty‖ plan contains just the Start and Finish actions. Start has no 

preconditions and has as its effect all the literals in the initial state of the planning problem. 

Finish has no effects and has as its preconditions the goal literals of the planning problem. 
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17)Distinguish between supervised and Unsupervised  learning. 

Any situation in which both inputs and outputs of a component can be perceived is called 

supervised learning. Learning when there is no hint at all about the correct outputs is called 

unsupervised learning. 

 

18)What is overfitting and Ockham’s razor 

Finding meaningless regularity in data due to a large number of possible hypotheses. 

Ockham’s razor: if multiple hypotheses are consistent with the data, choose the simplest one 

 

19)State the advantages of inductive learning 

· Rules learners discover for themselves are more likely to fit their existing mental structures 

than rules they have been presented with. This in turn will make the rules more meaningful, 

memorable, and serviceable. 

· The mental effort involved ensures a greater degree of cognitive depth which, again, ensures 

greater memorability. 

 

20) What is inference? 

A conclusion reached on the basis of evidence and reasoning and the process of inferring things 

based on what is already known. Inference engine is a tool which is used in AI to infer 

knowledge. 

 

21.Define Expert System. 

In artificial intelligence, an expert system is a computersystem that emulates the decision-

making ability of a humanexpert. Expert systems are designed to solve complex problems by 

reasoning about knowledge, represented primarily as if–then rules rather than through 

conventional procedural code. 

 

22.List out the roles of expert system 

 Diagnoticians(Eg:MYCIN) 

 Generative system for design purpose (Eg:SALT for aircraft design) 

 Critics(To satisfy soft constraints) 

 

23.Define Knowledge Acquisition and give two real time example 

Knowledge acquisition is the process of extracting, structuring and organizing knowledge 

from one source, usually human experts, so it can be used in software such as an ES. 

Eg:MOLE,SALT 

 

24.List out the limitations of expert system 

 Limitations of the technology 
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 Difficult knowledge acquisition 

 ES are difficult to maintain 

 High development costs 

 

 

25.Define meta knowledge in expert system 

Meta-knowledge is knowledge about the use and control of domain knowledge in an expert 

system. 

 In an expert system, ontology is the meta knowledge that describes everything known 

about the problem domain. 

 Wisdom is the Meta knowledge of determining the best goals of life and how to 

obtain them. 

 

16 MARKS 

UNIT I 

1. Is AI is a science or is it engineering? Or neither or both? Explain.(8) 

AI as Engineering 

AI systems are often thought of as science fiction, but in fact are all around us. AI techniques 

are used, for example, by credit card companies to notice whether your card has been stolen, by 

looking for changes in your spending patterns. AI is also used in chess computers; in intelligent 

agents that search for information on the internet; for scheduling the observations of the Hubble 

space telescope; and for helping doctors diagnose illnesses. Robots were used to help clean up 

after the Chernobyl nuclear power disaster. Even your pocket calculator could be said to be AI - 

100 years ago, no one would have expected a machine to know how to do maths! In order to 

build these intelligent machines AI uses many techniques. Expert Systems use the specialist 

knowledge that people like doctors and lawyers have in order to assist other people by giving 

advice on those subjects. Machine Learning is the study of how computers and robots can learn 

from their experience. Neural Networks are computers that work a little bit like brains (see 

BRAIN, MENTAL PROCESSES). Natural Language studies human languages, like English or 

Japanese, by trying to teach computers to understand them. 

AI as Science 

Surprisingly, tasks which we find hard, computers find easy and vice versa. Although we can 

write chess playing programs that compete for the world championship it is difficult to build a 

robot that can walk or catch a ball. Computers can do calculus, but they can't learn to talk as well 

as a two year old child. Trying to understand why this might be is the scientific side of AI - it is 

the attempt to understand our own intelligence. We can use intelligent machines to help us 

answer these questions about what intelligence is, and how it works. When we think we 

understand how a mental process works in a human or an animal, we can model it on a computer 

and see if our theory is correct. Sometimes it turns out to be simpler to test our theories of 

intelligence by building intelligent machines rather than by analysing people and animals. In this 
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way AI cooperates with other sciences like psychology, and philosophy of mind, which tries to 

understand what it means to be human, and how we think. 

 

 

 

The Future of AI 

Some people are concerned that if research in AI is successful, that computers will become too 

powerful. There are many complicated ethical issues in AI. For example, if a doctor asks an AI 

program for help with a diagnosis, and the machine gives a wrong answer, who is responsible? 

For most equipment a doctor uses, the doctor herself is obliged to use it correctly. But for an AI 

system claiming to have the knowledge of other experts at work, could those other experts, or the 

programmers, be held responsible? In the future AI will also need to involve fields such as social 

policy and ethics. So far though, AI products have been welcomed by our society. Current 

research should soon bring us programs to help us use the power of computers more naturally. 

You may be able to communicate with machines by talking, or they may even guess what you 

are trying to do by watching you and offer advice and help. Hopefully, AI will one day help us 

solve problems we cannot currently solve at all using traditional approaches to science and 

engineering. 

 

 

2. Explain uninformed search strategies(8) 

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. 
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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. 

 

 

 

  

        

        

        

        

        

      

Consider the graph in which let us take A as the starting node and F as the goal node (*)  

 

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

   Rear   Front 

 

 

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

   Rear   Front 

 

 

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

C 

   Rear   Front 

 

 

  A--->    

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

D. 

    A 

    A 

   C B 
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   Rear   Front 

 

 

  A---> B--> 

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

   Rear   Front 

 

 

  A---> B-->C--> 

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

   Rear   Front 

 

 

  A---> B-->C-->D 

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

   Rear   Front 

 

 

  A---> B-->C-->D-->E 

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

   Rear   Front 

 

 

  A---> B-->C-->D-->E-->F 

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. 

   D C 

   E D 

   F E 

    F 
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=====================================================================

== 

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, so it always generating next a 

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

used for DFS.  

  

Concept: 

  Traverse the root node. 

  Traverse any neighbour of the root node. 

  Traverse any neighbour of neighbour of the root node. 

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

 

 PUSH  starting  node A in stack. 

 

   TOP 

 

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

   TOP 

 

 

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

  

   TOP 

 

  

 For simplicity of the demonstration,  iteration from B is not shown, as node B is not 

going to lead us to the goal node. After popping the entire nodes that are  in the sub tree of B, the 

node C is expanded. 

Continuing the iteration from Node C: 

   TOP 

 

 Now C is top node of the stack. Find its neighbours i.e. F and G. both are pushed. and C 

is popped. 

  

   TOP 

     C--> 

 

 

 Now F is the Top Node, find its neighbours, i.e., K and L, both are pushed and F is 

Popped. 

 

   TOP 

     C-->F--> 

 

 

 

A 

A 

B 

C 

C 

F 

G 

K 

L 

G 
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 Node K does not have any neighbours, so it is popped. 

 

   TOP 

     C-->F-->K--> 

 

 

 Node L is the Top node, now it is the goal node, it is popped and the program is exited.  

 

   TOP 

     C-->F-->K-->L. 

 

 

 

Advantages: 

 DFS consumes 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  DFS 

 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 (b
d
) 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. 

 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. 

 

 

L 

G 

G 
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3. Define agent and Explain Agent types(16) 

Simple Reflex Agent 

The simplest kind of agent is the simple reflex agent. These agents select actions on the basis of 

the current percept, ignoring the rest of the percept history. For example, the vacuum agent . 

 

 

Characteristics 

 Only works if the environment is fully observable. 

 Lacking history, easily get stuck in infinite loops 

  One solution is to randomize actions 

 
Model-based reflex agents  

The most effective way to handle partial observability is for the agent to keep track of the part of 

the world it can't see now. That is, the agent should maintain some sort of internal state that 

depends on the percept history and thereby reflects at least some of the unobserved aspects of the 

current state. Updating this internal state information  

 First, we need some information about how the world evolves independently of the agent 

 Second, we need some information about how the agent's own actions affect the world. 

This knowledge about "how the world working - whether implemented in simple Boolean 

circuits or in complete scientific theories-is called a model of the world. An agent that uses such 

a MODEL-BASED model is 

called a model- based agent. 
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Goal-based agents  

Knowing about the current state of the environment is not always enough to decide what to do. 

For example, at a road junction, the taxi can turn left, turn right, or go straight on. The correct 

decision depends on where the taxi is trying to get to. In other words, as well as a current state 

description, the agent needs some sort of goal information that describes situations that are 

desirable-for example, being at the passenger's destination. The agent program can combine this 

with information about the results of possible actions (the same information as was used to 

update internal state in the reflex agent) in order to choose actions that achieve the goal. Figure  

shows the goal-based agent's structure. 

 

Utility-based agents  

Goals alone are not really enough to generate high-quality behavior in most environments. 

For example, there are many action sequences that will get the taxi to its destination (thereby 

achieving the goal) but some are quicker, safer, more reliable, or cheaper than others. Goals 

just provide a crude binary distinction between "happy" and "unhappy" states, whereas a 

more general performance measure should allow a comparison of different world states 

according to exactly how happy they would make the agent if they could be achieved. 

Because "happy" does not sound very scientific, the customary terminology is to say that if 

one world state is preferred to another, then it has higher utility for the agent. 
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Learning Agent: 

4 components : 

Learning element :    Responsible for making improvements. 

Performance element :Responsible for selecting external action.  (entire agent)-Percepts and decides on  

action. 

Critic :Learning element uses feedback from  critic-how the agent ids doing, how the  performance 

element should be modified  to do better in future. 

Problem generator : Responsible for suggesting actions that  will lead to new and informative  

experiences. 
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UNIT II 

1)What are the steps to convert first order logic or predicate logic sentence to normal 

form.Explain each step(8) 

Every sentence of first-order logic can be converted into an inferentially equivalent CNF 

sentence. In particular, the CNF sentence will be unsatisfiable just when the original 

sentenceisunsatisfiable, so we have a basis for doing proofs by contradiction on the CNF 

sentences.  

Here we have to eliminate existential quantifiers. We will illustrate the procedure by translating 

the sentence "Everyone who loves all animals is loved by someone," or 

• Everyone who loves all animals is loved by someone: 

 x [y Animal(y) Loves(x,y)]  [y Loves(y,x)] 

 

1. Eliminate biconditionals and implications 

 x [y Animal(y) Loves(x,y)]  [y Loves(y,x)] 

 

2. Move  inwards: x p ≡ x p,  x p ≡ x p 

 x [y (Animal(y) Loves(x,y))]  [y Loves(y,x)]  

 x [y Animal(y) Loves(x,y)]  [y Loves(y,x)]  

 x [y Animal(y) Loves(x,y)]  [y Loves(y,x)] 

 

3.Standardize variables: each quantifier should use a different one 

 x [y Animal(y) Loves(x,y)]  [z Loves(z,x)]  

 

4.Skolemize: a more general form of existential instantiation. 

Each existential variable is replaced by a Skolem function of the enclosing universally 

quantified variables: 

 x [Animal(F(x)) Loves(x,F(x))] Loves(G(x),x)  

5.Drop universal quantifiers: 

 [Animal(F(x)) Loves(x,F(x))]  Loves(G(x),x)  

6.Distribute over : 

 [Animal(F(x)) Loves(G(x),x)]  [Loves(x,F(x)) Loves(G(x),x)] 
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2)Explain approaches to knowledge representation(8) 

There  are  4  types of  knowledge  representation:  

 Relational  knowledge 

 Inheritable Knowledge. 

 Inferential Knowledge. 

 Declarative / procedural knowledge. 

 

Relational Knowledge :  This knowledge associates elements of one domain with another 

domain. It is made up of objects consisting of attributes and their corresponding associated 

values.  The results of this knowledge type is a mapping of elements among different 

domains. 

The table below shows a simple way to store facts. 

 The facts about a set of objects are put systematically in columns. 

 This representation provides little opportunity for inference. 

Player Height Weight Bats - Throws 

Aaron 6-0 180 Right - Right 

Mays 5-10 170 Right - Right 

Ruth 6-2 215 Left - Left 

Williams 6-3 205 Left - Right 

 

Consider to answer the question -  " Who is the heaviest player ? ".using facts from table the 

answer for the above question cannot be found, but if a procedure is used then the answer for 

such question can be computed. 

Questions like, Who bats left? and who throws right?  can be answered by inferring the above 

data representation. 

Inheritable Knowledge :  Here the knowledge elements inherit attributes from their   parents. 

The knowledge is embodied in the design hierarchies. Within the hierarchy, elements inherit 

attributes from their parents( not all the times). The inheritance is a powerful form of 

inference, but not adequate. 

 The Knowledge representation in hierarchical structure, shown below, is called 

“semantic network” or a collection of “frames” or “slot-and-filler structure". The structure 

shows property inheritance and way for insertion of additional knowledge. 
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Property inheritance : The objects or elements of specific classes inherit attributes and values 

from more general classes. 

The directed arrows represent attributes, and the box nodes represents objects and values of 

the attributes. 

Example, Viewing a node as a frame 

Example :   Baseball-player (node) 

isa :   Adult-Male (Baseball-player is instance of Adult - Male) 

Bates :   EQUAL handed (attributes) 

Height :  6.1 (attributes) 

Batting-average : 0.252  (attributes) 

Algorithm : Property Inheritance (to retrieve value V for an attribute A of an instance object 

O) 

1. Find object O in the knowledge base. 
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2. If there is a value for the attribute A then report that value. 

3. Else, if there is a value for the attribute instance; If not, then fail. 

4. Else, move to the node corresponding to that value and look for a value for the attribute 

A; If one is found, report it. 

5. Else, do until there is no value for the “isa” attribute or until an answer is found : 

a) Get the value of the “isa” attribute and move to that node. 

b) See if there is a value for the attribute A; If yes, report it. 

This algorithm is simple. It describes the basic mechanism of inheritance. It does not say what 

to do if there is more than one value of the instance or ―isa‖ attribute. 

Using the above knowledgebase the answers for the following queries can be found. 

 team (Pee-Wee-Reese) = Brooklyn–Dodger 

 batting–average(Three-Finger-Brown) = 0.106 

 height (Pee-Wee-Reese) = 6.1 

 bats (Three Finger Brown) = right 

Inferential Knowledge :   This knowledge generates new information from the given 

information.  This new information does not require further data gathering, but does require 

analysis of the given information to generate new knowledge.  

 In a given a set of relations and values, one may infer other values or relations. 

 A predicate logic is used to infer from a set of attributes. 

 Inference through predicate logic uses a set of  logical operations to relate 

individual data. 

The symbols used for the logic operations are : "  " (implication), " ¬ " (not), " V " 

(or), "  Λ " (and), "  "  (for all), "  " (there exists). 

Examples  of predicate logic statements : 

 "Wonder" is a name of a dog : dog (wonder) 

 All dogs belong to the class of animals :  x : dog (x)  animal(x) 

 All animals either live on land or in water : x : animal(x) live (x, land) V live (x, 

water) 

From these three statements we can infer that : " Wonder lives either on land or on water." 
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3) Illustrate the use of first order logic to represent the knowledge(8) 

Assertions and queries in first-order logic  

Sentences are added to a knowledge base using TELL, exactly as in propositional logic. Such 

sentences are called assertions. For example, we can assert that John is a king and that kings are 

persons:  

TELL(KB, King (John)) .Where KB is knowledge base. 

TELL(KB, x King(x) => Person(x)).  

We can ask questions of the knowledge base using ASK. For example,  

 

 
returns true. Questions asked using ASK are called queries or goals  

  

The kinship domain  

Objects: people (Eg:John,Mary..) 

Properties: gender  

Relations: parenthood, brotherhood, marriage  

Eg:Parent ( x, y ), Brother ( x, y), Spouse ( x, y )  

Functions: mother-of (one for each person x) Male ( x), Female ( x)  

Relations between predicates and functions:  

 • Male and female are disjoint categories  

Eg: ∀x Male ( x) ⇔ ¬Female ( x) 

• Parent and child relations are inverse  

Eg: ∀x, y Parent ( x, y ) ⇔ Child ( y, x) 

• A grandparent is a parent of parent  

Eg: ∀g, c Grandparent(g, c) ⇔ ∃p Parent(g, p) ∧ Parent( p, c) 

• A sibling is another child of one’s parents And so on ….   

Eg: ∀x, y Sibling ( x, y) ⇔ ( x ≠ y) ∧ ∃p Parent ( p, x) ∧ Parent ( p, y) 

 

Knowledge Representation in Wumpus World: 

Typicalperceptsentence:Percept([Stench,Breeze,Glitter,None,None],5) 

Actions:Turn(Right), Turn(Left), Forward, Shoot, Grab, Release, Climb 

Todeterminebestaction,constructquery:  a BestAction( a,5). 

Perception:s,g,t Percept([s, Breeze,g],t)  Breeze(t)  

s,b,t Percept([s,b,Glitter],t)  Glitter(t) 

Reflex:t Glitter(t)  BestAction(Grab,t) 

Reflex with internal state:t Glitter(t) Holding(Gold,t)  BestAction(Grab,t) 

Holding(Gold,t) is not a percept: keep track of change.  

 

Squares are breezy near a pit: 
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Diagnostic rule---infer cause from effect 

s Breezy(s)   r Adjacent(r,s)  Pit(r) 

Causal rule---infer effect from cause. 

r Pit(r)  [s Adjacent(r,s)  Breezy(s)] 

 

4)Explain the inference process used in First Order Logic(8) 

Two literals are contradictory if one can be unified with the negation of the other. For example 

man(x) and man (Himalayas) are contradictory since man(x) and man(Himalayas ) can be 

unified. In predicate logic unification algorithm is used to locate pairs of literals that cancel out. 

It is important that if two instances of the same variable occur, then they must be given identical 

substitutions. The resolution algorithm for predicate logic as follows 

Let f be a set of given statements and S is a statement to be proved. 

1. Covert all the statements of F to clause form. 

2. Negate S and convert the result to clause form. Add it to the set of clauses obtained in 1. 

3. Repeat until either a contradiction is found or no progress can be made or a predetermined 

amount of effort has been expended. 

a) Select two clauses. Call them parent clauses. 

b) Resolve them together. The resolvent will be the disjunction of all of these literals of 

both clauses. If there is a pair of literals T1 and T2 such that one parent clause 

contains Ti and the other contains T2 and if T1 and T2 are unifiable, then neither t1 

nor T2 should appear in the resolvent. Here Ti and T2 are called complimentary 

literals. 

If the resolvent is the empty clause , then a contradiction has been found. If it is not, then 

add it to the set of clauses available to the procedure. Using resolution to produce proof is 

illustrated in the following statements. 

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



 

 

 

www.rejinpaul.comwww.rejinpaul.com

Download Useful Materials from Rejinpaul.com



 

 

 
. UNIT III: 

1)Explain Bayesian Network  

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 
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 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.Belief networks have often been called causal 

networks and have been claimed to be a good representation of causality. 

The fundamental of Bayesian network is conditional probability.It is denoted by bayes theorm. 

 
 

 

Constructing Bayesian Network: 

To represent a domain in a belief network, the designer of a network must consider the following 

questions: 

 What are the relevant variables? In particular, the designer must consider 

o what the agent may observe in the domain. Each feature that can be observed should 

be a variable, because the agent must be able to condition on all of its observations. 

o what information the agent is interested in knowing the probability of, given the 

observations. Each of these features should be made into a variable that can be 

queried. 

o other hidden variables or latent variables that will not be observed or queried but 

that make the model simpler. These variables either account for dependencies or 

reduce the size of the specification of the conditional probabilities. 

 What values should these variables take? This involves considering the level of detail at 

which the agent should reason to answer the sorts of queries that will be encountered. 

For each variable, the designer should specify what it means to take each value in its 

domain. What must be true in the world for a variable to have a particular value should 

satisfy the clarity principle. It is a good idea to explicitly document the meaning of all 

variables and their possible values. The only time the designer may not want to do this is 

when a hidden variable exists whose values the agent will want to learn from data  

 What is the relationship between the variables? This should be expressed in terms of local 

influence and be modeled using the parent relation. 

 How does the distribution of a variable depend on the variables that locally influence it (its 

parents)? This is expressed in terms of the conditional probability distributions. 
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Example: 

 

 

 

 

 

 

In the above example to represent the casual relationship the new node rainy season is added 

with the network to calculate the probability of the node rain and sprinkler.  
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2)Explain MYCIN 

MYCIN was an early expert system that used artificial intelligence to identify bacteria causing 

severe infections, such as bacteremia and meningitis, and to recommend antibiotics, with the 
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dosage adjusted for patient's body weight — the name derived from the antibiotics themselves, 

as many antibiotics have the suffix " ... 
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UNIT IV 

1)Explain the concept of learning using decision tress.(16) 

A decision tree or a classification tree is a tree in which each internal (non-leaf) node is labeled 

with an input feature. The arcs coming from a node labeled with a feature are labeled with each 

of the possible values of the feature. Each leaf of the tree is labeled with a class or a probability 

distribution over the classes 

Process: 

based on a set of attributes as input, predicted output value, the decision is learned 

 it is called classification learning for discrete values 

 regression for continuous values 

Boolean or binary classification 

 output values are true or false 

 conceptually the simplest case, but still quite powerful 

making decisions 

 a sequence of test is performed, testing the value of one of the attributes in each 

step 

 when a leaf node is reached, its value is returned 

 good correspondence to human decision-making 

Boolean Decision Tree: 

compute yes/no decisions based on sets of desirable or undesirable properties of an object or a 

situation 

 each node in the tree reflects one yes/no decision based on a test of the value of 

one property of the object 

 the root node is the starting point 

 leaf nodes represent the possible final decisions 

 branches are labeled with possible values 

the learning aspect is to predict the value of a goal predicate (also called goal concept) 

 a hypothesis is formulated as a function that defines the goal predicate  

Example: 

Problem to wait for a table at a restaurant. A decision tree decides whether to wait or not in a 

given situation. 

Attributes: 

1. Alternate: alternative restaurant nearby 

2. Bar: bar area to wait 

3. Fri/Sat: true on Fridays and Saturdays 

4. Hungry: whether we are hungry 

5. Patrons: how many people in restaurant (none, some, or full) 

6. price: price range (£ , £ £ , £ £ £ ) 

7. raining: raining outside 
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8. reservation: whether we made a reservation 

9. type: kind of restaurant (French, Italian, Thai, or Burger) 

10. WaitEstimate: estimated wait (<10, 10-30,30-60,>60) 

 

 
 

Expressiveness of Decision Trees: 

decision trees can also be expressed in logic as implication sentencesin principle, they can 

express propositional logic sentences 

 each row in the truth table of a sentence can be represented as a path in the tree 

 often there are more efficient trees 

 some functions require exponentially large decision trees 

 parity function, majority function 

Constructing Decision Trees: 

In general, constructing the smallest possible decision tree is an intractable problem 

 algorithms exist for constructing reasonably small trees 

 basic idea: test the most important attribute first.The attribute that makes the most 

difference for the classification of an example can be determined through information 

theory.hopefully will yield the correct classification with few tests 
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Decision Tree Algorithm: 

Recursive formulation 

 select the best attribute to split positive and negative examples 

 if only positive or only negative examples are left, we are done 

 if no examples are left, no such examples were observed 

 return a default value calculated from the majority classification at the 

node’s parent 

 if we have positive and negative examples left, but no attributes to split them, we 

are in trouble 

 samples  have the same description, but different classifications 

 may be caused by incorrect data (noise), or by a lack of information, or by 

a truly non-deterministic domain 

Sample set: 

 

Choosing Attribute Test: 

The scheme used in decision tree learning for selecting attributes is designed to minimize the 

depth of the final tree. 

The information gain is based on the decrease in entropy after a dataset is split on an attribute. Constructing a decision tree 

is all about finding attribute that returns the highest information gain (i.e., the most homogeneous branches). 
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Performance of Decision Tree Learning 

1.Collect the large set of examples. 

2.Divide it into two disjoint sets:the training set and the test set 

3.Apply the learning algorithm to the training set,generating a hypothesis h, 

4.Measure the percentage of examples in the test set that are correctly classified by h. 

5.Repeat steps 1 to 4 for different sizes of training sets and different randomly selected 

training sets of each size. 

Noise and Over-fitting: 

 the presence of irrelevant attributes (―noise‖) may lead to more degrees of freedom in the 

decision tree 

 the hypothesis space is unnecessarily large 

 overfitting makes use of irrelevant attributes to distinguish between samples that have no 

meaningful differences 

 e.g. using the day of the week when rolling dice 

 over-fitting is a general problem for all learning algorithms 

 decision tree pruning identifies attributes that are likely to be irrelevant 

 very low information gain 

 cross-validation splits the sample data in different training and test sets 

 results are averaged 

 

2)Explain Basic plan generation system with example(16) 

In order to solve nontrivial problems, it is necessary to combine 

 Basic problem solving strategies 

 Knowledge representation mechanisms 

 Partial solutions and at the end combine into complete problem solution 

(decomposition) 
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 Planning refers to the process of computing several steps of a problem solving before 

executing any of them. 

 Planning is useful as a problem solving technique for  non decomposable problem. 

 

Components of a Planning System 

In any general problem solving systems, elementary techniques to perform following functions 

are required 

 Choose the best rule (based on heuristics) to be applied 

 Apply the chosen rule to get new problem state 

 Detect when a solution has been found 

 Detect dead ends so that new directions are explored. 

 

Choose Rules to apply 

Most widely used technique for selecting appropriate rules is to  

 first isolate a set of differences between the desired goal state and current state,  

 identify those rules that are relevant to reducing these difference,  

 if more rules are found then apply heuristic information to choose out of them. 

Apply Rules 

In simple problem solving system,  

 applying rules was easy as each rule specifies the problem state that would result 

from its application. 

 In complex problem we deal with rules that specify only a small part of the 

complete problem state. 

Example: Block World Problem 

Block world problem assumptions  

 Square blocks of same size 

 Blocks can be stacked one upon another. 

 Flat surface (table) on which blocks can be placed. 

 Robot arm that can manipulate the blocks. It can hold only one block at a time. 

 In block world problem, the state is described by a set of predicates representing the facts 

that were true in that state. 

 One must describe for every action, each of the changes it makes to the state description. 

 In addition, some statements that everything else remains unchanged is also necessary. 

  

Actions (Operations) done by Robot 

UNSTACK (X, Y) :  [US (X, Y)] 

 Pick up X from its current position on block Y. The arm must be empty and X has 

no block on top of it.  

STACK (X, Y):   [S (X, Y)]  

 Place block X on block Y. Arm must holding X and the top of  Y is clear.  
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PICKUP (X):   [PU (X) ] 

 Pick up X from the table and hold it. Initially the arm must be empty and top of X 

is clear.  

PUTDOWN (X):   [PD (X)]  

 Put block X down on the table. The arm must have been holding block X.  

Predicates used to describe the state  

 ON(X, Y)  - Block X on block Y. 

 ONT(X)  - Block X on the table.    

 CL(X)  - Top of X clear.  

 HOLD(X)  - Robot-Arm holding X.  

 AE  - Robot-arm empty.   

Logical statements true in this block world. 

 Holding X means, arm is not empty   

  ( X) HOLD (X)  ~ AE 

 X is on a table means that X is not on the top of any block 

  ( X) ONT (X)  ~  ( Y) ON (X, Y) 

 Any block with no block on has clear top 

  ( X) (~  ( Y) ON (Y,X))   CL (X) 

Advantage of this approach is that  

 simple mechanism of resolution can perform all the operations that are required 

on the state descriptions. 

Disadvantage is that  

 number of axioms becomes very large for complex problem such as COLOR of 

block also does not change.  

 So we have to specify rule for each attribute. 

  COLOR(X, red, S)    

   COLOR(X, red, DO(US(Y, Z), s)) 

To handle complex problem domain, there is a need of mechanism that does not require large 

number of explicit frame axioms. 

STRIPS Mechanism 

 One such mechanism was used in early robot problem solving system named STRIPS 

(developed by Fikes, 1971). 

 In this approach, each operation is described by three lists. 

 Pre_Cond list contains predicates which have to be true before operation. 

 ADD list contains those predicates which will be true after operation 

 DELETE list contain those predicates which are no longer true after operation 

 Predicates not included on either of these lists are assumed to be unaffected by the 

operation. 

 Frame axioms are specified implicitly in STRIPS which greatly reduces amount of 

information stored. 
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STRIPS – Style Operators 

S (X, Y) 

 Pre: CL (Y)  HOLD (X) 

 Del: CL (Y)  HOLD (X) 

 Add: AE  ON (X, Y) 

US (X, Y)  

 Pre: ON (X, Y)  CL (X)  AE 

 Del: ON (X, Y)  AE 

 Add: HOLD (X)  CL (Y) 

PU (X) 

 Pre: ONT (X)  CL (X)  AE 

 Del: ONT (X)  AE 

 Add: HOLD (X)  

PD (X) 

 Pre: HOLD (X) 

 Del: HOLD (X) 

 Add: ONT (X)  AE 

Simple Planning using a Goal Stack: 

One of the earliest techniques is planning using goal stack.  

 Problem solver uses single stack that contains  

 sub goals and operators both 

 sub goals are solved  linearly and then finally the conjoined sub goal is solved. 

 Plans generated by this method will contain  

 complete sequence of operations for solving one goal followed by complete 

sequence of operations for the next etc. 

 Problem solver also relies on  

 A database that describes the current situation. 

 Set of operators with precondition, add and delete lists.  

Algorithm: 

 Let us assume that the goal to be satisfied is: 

   GOAL = G1  G2  … Gn  

 Sub-goals G1, G2, … Gn are stacked with compound goal G1  G2  … Gn at the 

bottom. 

  Top  G1 

    G2 

    : 

    Gn  

  Bottom  G1  G2  …  G4 

 At each step of problem solving process, the top goal on the stack is pursued. 
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 Find an operator that satisfies sub goal G1  (makes it true) and replace G1 by the 

operator.  

 If more than one operator satisfies the sub goal then apply some heuristic to 

choose one. 

 In order to execute the top most operation, its preconditions are added onto the stack. 

 Once preconditions of an operator are satisfied, then we are guaranteed that 

operator can be applied to produce a new state.  

 New state is obtained by using ADD and DELETE lists of an operator to the 

existing database. 

 Problem solver keeps tract of operators applied. 

 This process is continued till the goal stack is empty and problem solver returns 

the plan of the problem. 

Goal stack method: 

Logical representation of Initial and Goal states: 

 Initial State:  ON(B, A)  ONT(C)  ONT(A)  ONT(D)  CL(B) CL(C)  

CL(D)  AE 

 Goal State:  ON(C, A)  ON(B, D)  ONT(A)  ONT(D)  CL(C)  CL(B)  

AE 

 

 

 

 

 

 

 

We notice that following sub-goals in goal state are also true in initial state.  

ONT(A)  ONT(D)  CL(C)  CL(B)  AE   

 Represent for the sake of simplicity - TSUBG. 

 Only sub-goals ON(C, A) & ON(B, D) are to be satisfied and finally make sure that 

TSUBG remains true. 

 Either start solving first ON(C, A) or ON(B, D). Let us solve first ON(C, A).  

Goal Stack: 

ON(C, A)  

ON(B, D) 

ON(C, A)  ON(B, D)   TSUBG  

To solve ON(C, A), operation S(C, A) could only be applied.  

 So replace ON(C, A) with S(C, A) in goal stack.  

Goal Stack:  

S (C, A)  

ON(B, D) 

 Initial State    Goal  State 

 

 

 

 

 

  

 

B 

 

A 
C

 

O

D 

C 

 

A 

B 

 

D 
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ON(C, A)  ON(B, D)   TSUBG    

S(C, A) can be applied if its preconditions are true. So add its preconditions on the stack. 

Goal Stack: 

CL(A) 

HOLD(C)   

Preconditions of STACK 

CL(A)    HOLD(C) 

S (C, A) 

Operator 

ON(B, D) 

ON(C, A)  ON(B, D)   TSUBG  

    

Next check if CL(A) is true in State_0. 

 Since it is not true in State_0, only operator that could make it true is US(B, A).  

 So replace CL(A) with US(B, A) and add its preconditions.  

Goal Stack:   

ON(B, A)  

CL(B)         Preconditions of  UNSTACK 

AE 

ON(B, A)  CL(B)   AE 

US(B, A)  

Operator  

HOLD(C)     

CL(A) )    HOLD(C) 

S (C, A) Operator 

ON(B, D) 

ON(C, A)  ON(B, D)   TSUBG  

ON(B, A), CL(B)  and AE are all true in initial state, so pop these along with its compound 

goal. 

 Next pop top operator US(B, A) and produce new state by using its ADD and DELETE 

lists.  

 Add US(B, A) in a queue of sequence ofoperators. 

SQUEUE = US (B, A) 

State_1:   

ONT(A) ONT(C)  ONT(D)  HOLD(B) CL(A)  CL(C) CL(D) 

Goal Stack: 

HOLD(C)     

CL(A) )    HOLD(C) 

 S (C, A) Operator 

ON(B, D) 
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ON(C, A)  ON(B, D)   TSUBG  

To satisfy the goal HOLD(C), two operators can be used e.g., PU(C ) or US(C, X), where X 

could be any block. Let us choose PU(C ) and proceed further.  

 Repeat the process. Change in states is shown below. 

State_1:   

ONT(A) ONT(C)  ONT(D)  HOLD(B) CL(A)  CL(C) CL(D) 

SQUEUE = US (B, A) 

 Next operator to be popped of is S(B, D). So  

State_2:   

ONT(A) ONT(C)  ONT(D)  ON(B, D) CL(A)  CL(C) CL(B)AE 

SQUEUE = US (B, A), S(B, D)  

State_3:  

ONT(A) HOLD(C)  ONT(D)  ON(B, D) CL(A) CL(B) 

SQUEUE = US (B, A), S(B, D), PU(C )  

State_4:   

ONT(A) ON(C, A)  ONT(D)  ON(B, D) CL(C) CL(B) AE 

SQUEUE = US (B, A), S(B, D), PU(C ), S(C, A) 

 

 

UNIT V 

 

1)Explain the architecture of Expert system(8) 

Expert systems solve problems that are normally solved by human ―experts‖. To solve expert-

level problems, expert systems need access to a substantial domain knowledge base,which must 

be built as efficiently as possible. They also need to exploit one or more reasoning mechanisms 

to apply their knowledge to the problems they are given. 

Representing and using domain knowledge: 

Expert systems are complex AI programs.The most widely used way of representing domain 

knowledge in expert systems is as a set of production rules,which are often coupled with a frame 

system that defines the objects that occur in the rule. 
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# Expert System Components # 

Expert systems typically contain the following four components: 

 Knowledge-Acquisition Interface 

 User Interface 

 Knowledge Base 

 Inference Engine 

This architecture differs considerably from traditional computer programs, resulting in several 

characteristics of expert systems. 

Knowledge-Acquisition Interface 

The knowledge-acquisition interface controls how the expert and knowledge engineer interact 

with the program to incorporate knowledge into the knowledge base. It includes features to assist 

experts in expressing their knowledge in a form suitable for reasoning by the computer. 

This process of expressing knowledge in the knowledge base is called knowledge acquisition. 

Knowledge acquisition turns out to be quite difficult in many cases--so difficult that some 

authors refer to the knowledge acquisition bottleneck to indicate that it is this aspect of expert 

system development which often requires the most time and effort. 
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Debugging faulty knowlege bases is facilitated by traces (lists of rules in the order they were 

fired), probes (commands to find and edit specific rules, facts, and so on), and bookkeeping 

functions and indexes (which keep track of various features of the knowledge base such as 

variables and rules). Some rule-based expert system shells for personal computers monitor data 

entry, checking the syntactic validity of rules. Expert systems are typically validated by testing 

their preditions for several cases against those of human experts. Case facilities--permitting a file 

of such cases to be stored and automatically evaluated after the program is revised--can greatly 

speed the vaidation process. Many features that are useful for the user interface, such as on-

screen help and explanations, are also of benefit to the developer of expert systems and are also 

part of knowledge-acquisition interfaces. 

Expert systems in the literature demonstrate a wide range of modes of knowledge acquisition 

(Buchanan, 1985). Expert system shells on microcomputers typically require the user to either 

enter rules explicitly or enter several examples of cases with appropriate conclusions, from 

which the program will infer a rule. 

User Interface 

The user interface is the part of the program that interacts with the user. It prompts the 

user for information required to solve a problem, displays conclusions, and explains its 

reasoning. 

Features of the user interface often include: 

 Doesn't ask "dumb" questions 

 Explains its reasoning on request 

 Provides documentation and references 

 Defines technical terms 

 Permits sensitivity analyses, simulations, and what-if analyses 

 Detailed report of recommendations 

 Justifies recommendations 

 Online help 

 Graphical displays of information 

 Trace or step through reasoning 

The user interface can be judged by how well it reproduces the kind of interaction one might 

expect between a human expert and someone consulting that expert. 
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Knowledge Base 

The knowledge base consists of specific knowledge about some substantive domain. A 

knowledge base differs from a data base in that the knowledge base includes both explicit 

knowledge and implicit knowledge. Much of the knowledge in the knowledge base is not stated 

explicitly, but inferred by the inference engine from explicit statements in the knowledge base. 

This makes knowledge bases have more efficient data storage than data bases and gives them the 

power to exhaustively represent all the knowledge implied by explicit statements of knowledge. 

There are several important ways in which knowledge is represented in a knowledge base. For 

more information, see knowledge representation strategies. 

Knowledge bases can contain many different types of knowledge and the process of acquiring 

knowledge for the knowledge base (this is often called knowledge acquisition) often needs to be 

quite different depending on the type of knowledge sought. 

Types of Knowledge 

There are many different kinds of knowledge considered in expert systems. Many of these form 

dimensions of contrasting knowledge: 

 explicit knowledge 

 implicit knowledge 

 domain knowledge 

 common sense or world knowledge 

 heuristics 

 algorithms 

 procedural knowledge 

 declarative or semantic knowledge 

 public knowledge 

 private knowledge 

 shallow knowledge 

 deep knowledge 

 metaknowledge 

Inference Engine 

The inference engine uses general rules of inference to reason from the knowledge base and 

draw conclusions which are not explicitly stated but can be inferred from the knowledge base. 

Inference engines are capable of symbolic reasoning, not just mathematical reasoning. Hence, 

they expand the scope of fruitful applications of computer programs. 
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The specific forms of inference permitted by different inference engines varies, depending on 

several factors, including the knowledge representation strategies employed by the expert 

system. 

2)Explain knowledge Acquisition (8) 

Knowledge acquisition is the process of extracting, structuring and organizing knowledge from 

one source, usually human experts, so it can be used in software such as an ES. This is often the 

major obstacle in building an ES. 

There are three main topic areas central to knowledge acquisition that require consideration in all 

ES projects. First, the domain must be evaluated to determine if the type of knowledge in the 

domain is suitable for an ES. Second, the source of expertise must be identified and evaluated to 

ensure that the specific level of knowledge required by the project is provided. Third, if the 

major source of expertise is a person, the specific knowledge acquisition techniques and 

participants need to be identified. 

Theoretical Considerations 

An ES attempts to replicate in software the reasoning/pattern-recognition abilities of human 

experts who are distinctive because of their particular knowledge and specialized intelligence. 

ES should be heuristic and readily distinguishable from algorithmic programs and databases. 

Further, ES should be based on expert knowledge, not just competent or skillful behavior. 

Domains 

Several domain features are frequently listed for consideration in determining whether an ES is 

appropriate for a particular problem domain. Several of these caveats relate directly to 

knowledge acquisition. First, bona fide experts, people with generally acknowledge expertise in 

the domain, must exist. Second, there must be general consensus among experts about the 

accuracy of solutions in a domain. Third, experts in the domain must be able to communicate the 

details of their problem solving methods. Fourth, the domain should be narrow and well defined 

and solutions within the domain must not require common sense. 

Experts 

Although an ES knowledge base can be developed from a range of sources such as textbooks, 

manuals and simulation models, the knowledge at the core of a well developed ES comes from 

human experts. Although multiple experts can be used, the ideal ES should be based on the 

knowledge of a single expert. In light of the pivotal role of the expert, caveats for choosing a 

domain expert are not surprising. First, the expert should agree with the goals of the project. 

Second, the expert should be cooperative and easy to work with. Third, good verbal 

communication skills are needed. Fourth, the expert must be willing and able to make the 

required time commitment (there must also be adequate administrative/managerial support for 

this too). 
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Knowledge Acquisition Technique 

At the heart of the process is the interview. The heuristic model of the domain is usually 

extracted through a series of intense, systematic interviews, usually extending over a period of 

many months. Note that this assumes the expert and the knowledge engineer are not the same 

person. It is generally best that the expert and the knowledge engineer not be the same person 

since the deeper the experts' knowledge, the less able they are in describing their logic. 

Furthermore, in their efforts to describe their procedures, experts tend to rationalize their 

knowledge and this can be misleading. 

General suggestions about the knowledge acquisition process are summarized in rough 

chronological order below: 

1. Observe the person solving real problems. 

2. Through discussions, identify the kinds of data, knowledge and procedures required to 

solve different types of problems. 

3. Build scenarios with the expert that can be associated with different problem types. 

4. Have the expert solve a series of problems verbally and ask the rationale behind each 

step. 

5. Develop rules based on the interviews and solve the problems with them. 

6. Have the expert review the rules and the general problem solving procedure. 

7. Compare the responses of outside experts to a set of scenarios obtained from the project's 

expert and the ES. 

Note that most of these procedures require a close working relationship between the knowledge 

engineer and the expert. 

Practical Considerations 

The preceding section provided an idealized version of how ES projects might be conducted. In 

most instances, the above suggestions are considered and modified to suit the particular project. 

The remainder of this section will describe a range of knowledge acquisition techniques that 

have been successfully used in the development of ES. 

Operational Goals 

After an evaluation of the problem domain shows that an ES solution is appropriate and feasible, 

then realistic goals for the project can be formulated. An ES's operational goals should define 

exactly what level of expertise its final product should be able to deliver, who the expected user 

is and how the product is to be delivered. If participants do not have a shared concept of the 

project's operational goals, knowledge acquisition is hampered. 

Pre-training 

Pre-training the knowledge engineer about the domain can be important. In the past, knowledge 

engineers have often been unfamiliar with the domain. As a result, the development process was 

greatly hindered. If a knowledge engineer has limited knowledge of the problem domain, then 
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pre-training in the domain is very important and can significantly boost the early development of 

the ES. 

Knowledge Document 

Once development begins on the knowledge base, the process should be well documented. In 

addition to tutorial a document, a knowledge document that succinctly state the project's current 

knowledge base should be kept. Conventions should be established for the document such as 

keeping the rules in quasi-English format, using standard domain jargon, giving descriptive 

names to the rules and including supplementary, explanatory clauses with each rule. The rules 

should be grouped into natural subdivisions and the entire document should be kept current. 

Scenarios 

An early goal of knowledge acquisition should be the development of a series of well developed 

scenarios that fully describe the kinds of procedures that the expert goes through in arriving at 

different solutions. If reasonably complete case studies do not exist, then one goal of pre-training 

should be to become so familiar with the domain that the interviewer can compose realistic 

scenarios. Anecdotal stories that can be developed into scenarios are especially useful because 

they are often examples of unusual interactions at the edges of the domain. Familiarity with 

several realistic scenarios can be essential to understanding the expert in early interviews and the 

key to structuring later interviews. Finally, they are ultimately necessary for validation of the 

system. 

3)Explain Expert system Shell(8) 

The E.S shell simplifies the process of creating a knowledge base. It is the shell that actually 

processes the information entered by a user relates it to the concepts contained in the knowledge 

base and provides an assessment or solution for a particular problem. Thus E.S shell provides a 

layer between the user interface and the computer O.S to manage the input and output of the 

data. It also manipulates the information provided by the user in conjunction with the knowledge 

base to arrive at a particular conclusion. 

 Expert system shells are the main choice for building small ESs due primarily to their ease of 

use. The shell is really a ready-made ES without a knowledge base. All the programming 

components are there, waiting for rules to be entered into  the system. Expert system shells 

therefore provide a quick way to develop an ES without having to build the entire system from 

scratch. The basic structure of an ES shell and its relationship to a knowledge base is illustrated 

in Figure 5.1. 
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Domain-Specific Shells: 

 Domain-specific shells are simply ES shells that have been written to represent 

knowledge within a specific domain. For example, shells are available to assist with the help 

desk, scheduling and configuration of systems. The shells provide a specific user-interface to 

assist with the trapping of knowledge, but tend to be more expensive than more general ES 

shells. Case-based reasoning (CBR) Express is one example of a domain-specific shell. 

Examples of ES Shells Expert system shells include:   

 Crystal   

 JESS.  

Crystal is an old ES shell that has the following facilities:  

 a relatively simple inference engine that supports a knowledge base of rules  

  facilities for creating a graphical user-interface  

  a backward chaining inference engine   

 automatic, but basic, explanation features   

 can interface with text files, databases, spreadsheets and C code.  

While Crystal is not a modern tool it was used in a variety of real world applications. This 

included an ES created by a bank to assess mortgage applications. JESS by comparison is a 

modern ES shell written in Java. Unlike Crystal it was not designed for the creation of 

standalone ESs but is instead designed to support the development of hybrid intelligent 

information systems, i.e., systems containing both procedural and declarative components (see 

Chapter 6 for more details of hybrid intelligent information systems). JESS was written entirely 

in Java and was designed in such a way that components created by JESS can be integrated 
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directly with procedural components, assuming that they are also written in Java. To facilitate 

this JESS has the following features: 

 tools for extending Eclipse, an Integrated Development Environment often used for 

developing Java programs  

  an inference engine that supports both forward chaining and backward chaining  

  the ability to perform reasoning upon other Java objects. 

JESS does not provide graphical user-interface facilities directly. However, Java programmers 

already have facilities to create these and JESS programmers have access to all of the Java API. 

As systems created with JESS are written in Java this provides and easy method of developing 

web-based ESs. 

 

4)Explain DART Expert system(8) 

 
The current DART knowledge base consists of 300 EMYCIN parameters and 190 production 

rules and was constructed over a period of 8 months. During this period 5 specialists were 

interviewed about different aspects of the diagnostic process and the knowledge base reflects 

their composite expertise.  

As might be expected, much of the requested diagnostic data is already in a machine-

readable form on the subject computer system. However, as the transcript shows, this 

information must currently be entered by the user. This interaction forms a substantial fraction of 

me users input. Indeed, wc estimate 30 to 60 percent of the current interaction between program 

and user will be eliminated when this online data is exploited. 

 It is clear that the communications protocols form the crux of the expertise, both for the 

human specialist and for DART. Although our experts were able to easily articulate these 

protocols, their translation into the production rule formalism was tedious. A protocol represents 

an expected sequence of transactions between components. However, in order to indentify 
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specific faulty components, the production rules capture only the possible deviaiions from this 

expected sequence. Thus each protocol yields a substantial number of rules which only indirectly 

reflect the original sequence and tend to produce rather opaque explanations of the diagnostic 

reasoning. Furthermore, for any lengthy protocol, ensuring the completeness of the resulting 

ruleset becomes a significant problem. In a collateral effort, wc are investigating the use of 

explicit representations of these protocols with general diagnostic rules which will hypothesize 

deviations directly from the protocols. 
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