
UNIT - III 

What are lists and how to represent lists: 

 

Lists are one of the most fundamental data structures in Prolog. A list is an ordered collection 

of elements, which can be numbers, atoms, variables, or even other lists. Prolog represents 

lists using a head-tail notation, which allows for easy manipulation and recursive processing. 

Unlike arrays in procedural languages, lists in Prolog are dynamic and immutable, meaning 

elements cannot be changed once a list is created, but new lists can be formed by modifying 

existing ones.   

 

A list in Prolog is enclosed within square brackets "[...]". The elements of the list are 

separated by commas. For example:   

 

- An empty list: [] 

- A list of numbers: [1, 2, 3, 4] 

- A list of atoms: [apple, banana, mango] 

- A list containing other lists: [[1, 2], [3, 4], [5, 6]] 

 

Prolog also provides head-tail notation, which represents a list as "Head | Tail". Here, the 

"Head" refers to the first element, while "Tail" is the rest of the list. For example, in "[1, 2, 

3]", "1" is the head, and "[2, 3]" is the tail. This notation is used for list processing in 

recursive predicates.   

 

Several built-in predicates help in working with lists in Prolog:   

 - Checking membership: "member(X, List)." checks whether "X" is an element of 

"List".   

 - Concatenation: "append(List1, List2, Result)." joins "List1" and "List2" to produce 

"Result".   

 - Finding the length: "length(List, N)." returns the number of elements in "List".   

 - Extracting elements: Using head-tail notation to recursively process lists.   

 

Lists in Prolog are a powerful tool for representing and manipulating structured data. The 

head-tail notation provides a convenient way to decompose and process lists recursively. 

With built-in predicates and recursion, Prolog efficiently handles lists for a variety of logical 

and computational tasks. 

 

A list in Prolog can be thought of as a nested structure similar to a right-branching tree. Each 

list element (except the last) is a node with two branches:   

 - The head (first element)   

 - The tail (remaining elements, which is another list or an empty list)   

 

For example, the list [1, 2, 3] can be visualized as:   

     . 

    / \ 



   1   . 

      / \ 

     2   . 

        / \ 

       3  [] 

This structure shows how lists in Prolog are naturally recursive, making them easy to process 

with recursion.   

 

Lists in Dot (.) Notation   

Prolog internally represents lists using the dot notation (.(Head, Tail)). This is the same as the 

head-tail notation [H | T].   

 

For example:   

- [1, 2, 3] is equivalent to .(1, .(2, .(3, []))) 

- [a, b, c] is represented as .(a, .(b, .(c, []))) 

 

- The dot notation is the internal representation used by Prolog, and understanding it helps 

when working with Prolog internals.   

- The tree structure helps visualize recursive list processing.   

Thus, Prolog lists can be manipulated in multiple forms—list notation [H | T], dot notation 

.(H, T), and as a right-branching tree structure 

 

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

 

Explain different operations on lists. 

  

Lists are a fundamental data structure in Prolog, and various operations can be performed on 

them using built-in predicates and recursive rules. These operations include checking 

membership, concatenation, finding length, adding or removing elements, and more. Below 

are some of the most common list operations in Prolog. 

 

1. Checking Membership (member/2) 

To check if an element exists in a list, Prolog provides the member/2 predicate where 2 is no. 

of args given. 

member(X, [X | _]).  % X is the head of the list 

member(X, [_ | T]) :- member(X, T).  % Recursively check the tail 

 

Example code: 

 

% Defining a list 

fruits([apple, banana, orange, mango]). 

 

% Checking if an element is in a list 

fmember(X, [X|_]).  % X is the head of the list 



fmember(X, [_|T]) :- fmember(X, T).  % X is in the tail of the list 

 

%this is pre-defined predicate. 

%member(X, [X|_]).  % X is the head of the list 

%member(X, [_|T]) :- member(X, T).  % X is in the tail of the list 

 

% Query example: 

% ?- fruits(F), fmember(orange, F). 

% ?- fruits(_), fmember(orange, _). 

% Output: F = [apple, banana, orange, mango]. Or TRUE 

 

2. Concatenation (append/3)  

The append/3 predicate joins two lists into a single list. 

append([], L, L).  % Base case: appending an empty list does not change L 

append([H | T], L2, [H | L3]) :- append(T, L2, L3).  % Recursive step 

 

Example: 

% Defining a list 

fruits([apple, banana, orange, mango]). 

 

?- fruits(F),append(F,[1,2,3],F1). 

F = [apple,banana,orange,mango] 

F1 = [apple,banana,orange,mango,1,2,3] 

 

3. Finding the Length of a List (length/2) 

The length/2 predicate calculates the number of elements in a list. 

length([], 0).  % The length of an empty list is 0 

length([_ | T], N) :- length(T, N1), N is N1 + 1.  % Recursive count 

Example: 

% Defining a list 

fruits([apple, banana, orange, mango]). 

 

?- fruits(F), length(F, X).   

Output : 

F = [apple,banana,orange,mango] 

X = 4 

 

4. Adding an Element to a List 

To add an element at the beginning, we simply use head-tail notation: 

 

%a user defined predicate 

add_to_start(Element, List, [Element|List]). 

 

Example: 



?- fruits(F), add_to_start(grape, F, Result). 

 

F = [apple,banana,orange,mango] 

Result = [grape,apple,banana,orange,mango] 

 

To add an element at the end, we use recursion: 

add_to_end(X, [], [X]).   

add_to_end(X, [H | T], [H | L]) :- add_to_end(X, T, L). 

Example: 

?- add_to_end(5, [1, 2, 3], X).   

X = [1, 2, 3, 5].   

 

5. Removing an Element from a List 

To remove an element from a list: 

remove(X, [X | T], T).  % If X is the head, remove it 

remove(X, [H | T], [H | T1]) :- remove(X, T, T1).  % Otherwise, search in tail 

Example: 

?- remove(2, [1, 2, 3], X).   

X = [1, 3].   

 

6. Reversing a List (reverse/2) 

Reversing a list can be done using recursion: 

reverse([], []).   It is a pre-defined predicate. 

reverse([H | T], Rev) :- reverse(T, RevT), append(RevT, [H], Rev).   

Example: 

?- reverse([1, 2, 3], X).   

X = [3, 2, 1].   

 

7. Finding the Last Element (last/2) 

To get the last element of a list: 

last([X], X).  % If there's only one element, it's the last 

last([_ | T], X) :- last(T, X).  % Otherwise, check the tail 

Example: 

?- last([1, 2, 3, 4], X).   

X = 4.   

8. Finding the First (Head) Element (head/2) 

Getting the first element is straightforward: 

head([H | _], H).   

Example: 

?- head([a, b, c], X).   

X = a.   

 

9. Splitting a List (split/3) 

To split a list at a given position: 



split([], [], []).   

split([H | T], [H | L1], L2) :- split(T, L1, L2).   

Example: 

?- split([1, 2, 3], X, Y).   

X = [1], Y = [2, 3].   

 

Prolog provides powerful list operations through recursion and built-in predicates. These 

operations—such as checking membership, concatenation, length calculation, 

adding/removing elements, reversing, and finding elements—are essential for solving many 

logical and computational problems efficiently. 

 

The operations like member/2, append/3, length/2, and reverse/2 are predefined, while other 

operations such as adding/removing elements, splitting lists, and finding the last element, etc 

are user-defined rules implemented manually. However, some Prolog versions might provide 

built-in predicates for even these operations. 

 

** At least write 5 to 6 predicates 

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

 

Explain about permutations with example. 

 

A permutation is a specific arrangement or ordering of elements from a given set or list. In 

simple terms, it refers to all possible ways to arrange a set of items in different orders. 

For example, if we have three elements {1, 2, 3}, the different possible permutations are:  

(1, 2, 3), (1, 3, 2), (2, 1, 3), (2, 3, 1), (3, 1, 2), (3, 2, 1). 

 

If there are N elements, the total number of permutations is given by N! (N factorial), 

meaning: 

For 3 elements: 3! = 3 × 2 × 1 = 6 permutations and for 4 elements: 4! = 4 × 3 × 2 × 1 = 24 

permutations. 

 

In Prolog, a permutation of a list refers to any possible reordering of its elements. Since 

Prolog is well-suited for handling recursive structures, permutations can be generated 

effectively using recursive rules.   

 

To generate all possible permutations of a list, we need to:   

 1. Select an element from the list.   

 2. Find the permutation of the remaining elements.   

 3. Place the selected element at the front of each permutation.   

 

A common way to implement this in Prolog is by defining a `permutation/2` predicate. This 

involves recursively selecting an element from the list, computing the permutations of the 

remaining elements, and then combining them.   

 



A possible implementation of the permutation predicate is:   

permutation([], []).  % Base case: The permutation of an empty list is an empty list.  

 

permutation(List, [H | Perm]) :- 

    select(H, List, Rest),  % Select H from List, leaving Rest. 

    permutation(Rest, Perm).  % Recursively find the permutation of the Rest. 

 

Here, the select/3 predicate is a built-in Prolog predicate that removes an element from a list 

while returning the remaining elements. It is used to pick each element in turn.   

 

Querying Prolog for the permutations of [1,2,3] will yield:   

?- permutation([1,2,3], X). 

X = [1,2,3] ; 

X = [1,3,2] ; 

X = [2,1,3] ; 

X = [2,3,1] ; 

X = [3,1,2] ; 

X = [3,2,1] ; 

false. 

 

Each result represents a different way to order the elements of the list.   

 

 - The base case ensures that the permutation of an empty list is an empty list.   

- The recursive case picks one element (H) from the list, removes it, computes the 

permutation of the remaining elements (Rest), and then prepends (prefixes)  H to each 

resulting permutation.   

 - The select/3 predicate takes care of removing elements systematically.   

 

This approach ensures that all possible arrangements of the list elements are generated. The 

number of permutations for a list of length N is N! (factorial of N), meaning the number of 

solutions grows rapidly for larger lists. 

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

 

Explain the Operator notation : 

Prolog allows users to define custom operators to improve readability and make expressions 

more intuitive. This helps eliminate excessive parentheses and function-style notation, 

making code look more natural.   

 

Operator Basics   

An operator in Prolog is a symbolic representation of a function or relation. Operators can be 

written in infix, prefix, or postfix notation.   

 

Example Without Operators:   

likes(john, pizza).   



 

With Custom Operator:   

:- op(500, xfy, likes).   

john likes pizza.   

 

This is achieved using the "op/3" predicate.   

 

Types of Operators in Prolog : Operators are categorized based on their position relative to 

operands:   

 

1. Infix Operators (between operands)   

   - Example: X + Y instead of +(X, Y)   

   - Types: xfx, xfy, yfx   

 

2. Prefix Operators (before an operand)   

   - Example: -X instead of negate(X)   

   - Types: fx, fy   

 

3. Postfix Operators (after an operand)   

   - Example: X! instead of factorial(X)   

   - Types: xf, yf   

 

Defining Operators Using "op/3"   

 

The "op/3" predicate is used to define custom operators:   

 

:- op(Precedence, Type, Operator).   

 

- Precedence: A number (0-1200) indicating operator binding strength (higher = stronger).   

- Type: Defines how the operator interacts with operands.   

- Operator: The actual symbol or name.   

 

Examples of Operator Definitions   

 

1. Infix Operator   

:- op(500, xfy, likes).   

tom likes pizza.   

mary likes pasta.   

=>Equivalent to likes(tom, pizza).   

Query:   

?- tom likes pizza.   

true.   

 

2. Prefix Operator   



:- op(900, fy, not).   

not happy.   

=>Equivalent to not(happy).   

Query:   

?- not happy.   

true.   

 

3. Postfix Operator   

:- op(600, yf, !).   

5!.   

=>Equivalent to !(5).   

Query:   

?- 5!.   

 

Operator Associativity : 

we can also specify the associativity of operators with the xfx notation. Associativity 

determines how operators group expressions:   

 

- xfx – Non-associative (no chaining)   

- xfy – Right-associative (a op (b op c))   

- yfx – Left-associative ((a op b) op c)   

 

 

Example:   

:- op(500, yfx, plus).   

a plus b plus c.   % Interpreted as (a plus b) plus c   

 

Built-in Operators in Prolog   

 

Operator  | Type    | Meaning   

:-   | xfx    | Rule definition   

=   | xfx    | Unification   

is   | xfx    | Arithmetic evaluation   

+, -, *, /  | yfx    | Arithmetic   

 

--- 

 

Advantages of Operator Notation : 

 

- Without Operators:   

  plus(2, times(3, 4)).   

- With Operators (Infix Notation):   

  2 + (3 * 4).   

--- 



Different Notations for Different Uses   

Notation    | Use Case     | Example   

Infix (xfx, xfy, yfx)   | Binary relations or arithmetic  | X + Y, father(john,  

         mike) → john father mike   

Prefix (fx, fy)    | Logical negation, function-like  

operations     | not happy, -5   

 

Postfix (xf, yf)   | Factorial, units, postfix operations  | 5!, distance km   

 

For example, negation (not X) is more natural in prefix form, while factorial (X!) makes 

sense in postfix form. 

--- 

Control Over Associativity & Precedence   

- Left vs. Right Associativity:   

  - yfx → Left-associative ((a + b) + c)   

  - xfy → Right-associative (a + (b + c))   

--- 

Custom Operators for Domain-Specific Languages:  Prolog is widely used in AI, logic 

programming, and natural language processing. Custom operators help define domain-

specific languages (DSLs) for specific applications.   

 

For example, in legal reasoning:   

:- op(500, xfx, implies).   

innocent(X) implies not guilty(X).   

This makes Prolog look like human language!   

--- 

Makes Queries More Natural   

Compare these two:   

- Without Operators:   

  loves(john, mary).   

 

- With Operators (op/3):   

  :- op(500, xfx, loves).   

  john loves mary.   

 

For knowledge representation, the second one is much easier to read and understand.   

 

However, care must be taken not to override important built-in operators. By using operator 

notation effectively, Prolog programs become more intuitive and closer to natural language. 

 

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

 

  



Explain Arithmetics of prolog: 

 

Arithmetic in Prolog is used for numerical computations, comparisons, and evaluations. 

Unlike procedural languages, Prolog treats arithmetic operations as relations rather than 

direct computations.   

 

Prolog supports standard arithmetic operators:   

- Addition ("+") → "X + Y"   

- Subtraction ("-") → "X - Y"   

- Multiplication ("*") → "X * Y"   

- Division ("/") → "X / Y" (floating-point division)   

- Integer Division ("//") → "X // Y" (quotient without remainder)   

- Modulus ("mod") → "X mod Y" (remainder of division)   

- Exponentiation ("") → "X  Y" (power calculation)   

 

Example Expressions:   

A = 10 + 5.   % This does not evaluate the expression   

B is 10 + 5.  % Evaluates and assigns B = 15   

 

--- 

 

Using "is" for Arithmetic Evaluation: In Prolog, arithmetic expressions are not evaluated 

automatically. To evaluate an expression, use the "is" operator:   

 

Example:   

X is 5 + 3.  % X = 8   

 

X = 5 + 3.   % X will be assigned the symbolic expression 5 + 3, not evaluated   

--- 

Comparison Operators in Prolog: Prolog provides arithmetic comparison operators:   

 

- "="  → Unification (checks if terms are identical, not evaluated)   

- "=:="  → Checks if two expressions are numerically equal after evaluation   

- "=\="  → Checks if two expressions are not equal after evaluation   

- "<"  → Less than   

- ">"  → Greater than   

- "=<"  → Less than or equal to   

- ">="  → Greater than or equal to   

 

Examples:   

5 =:= 2 + 3.  % true, since 5 = 5   

10 > 5.       % true   

10 =\= 4 * 2. % true, since 10 ≠ 8   

--- 



Integer and Floating-Point Numbers : Prolog distinguishes between integers and floating-

point numbers.  

 

- Integer Example: "X is 10 // 3." → "X = 3"   

- Floating-Point Example: "Y is 10 / 3." → "Y = 3.3333"   

--- 

Using "between/3" for Range Checking   

The "between(Low, High, X)" predicate generates numbers in a given range:   

Example:   

between(1, 5, X).  % X takes values from 1 to 5   

--- 

Accumulating Values Using Recursion: Prolog can perform calculations recursively.   

 

Example: Computing factorial using recursion:   

factorial(0, 1).   

factorial(N, F) :-   

   N > 0,   

   N1 is N - 1,   

   factorial(N1, F1),   

   F is N * F1.   

 

Query:   

?- factorial(5, X).  % X = 120   

--- 

 

Prolog supports arithmetic using "is" for evaluation and provides standard operators for 

computations and comparisons. Arithmetic can be integrated into Prolog's declarative style 

using recursion and logical relations. Understanding Prolog's arithmetic is essential for 

numerical problem-solving in logic programming. 

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

 

Write about Retrieving structured information from a database: 

Prolog is an excellent language for storing and retrieving structured information from a 

database. Instead of specifying all details explicitly, we can query data based on its structure. 

 



 

1. Representing Family Information in Prolog 

Each person is represented as: 

person(Name, Surname, date(Day, Month, Year), Job). 

 Job: Either unemployed or works(Organization, Salary). 

Example Family Database 

family( 

    person(tom, fox, date(7, may, 1950), works(bbc, 15200)), 

    person(ann, fox, date(9, may, 1951), unemployed), 

    [person(pat, fox, date(5, may, 1973), unemployed),  

     person(jim, fox, date(5, may, 1973), unemployed)] 

). 

This stores structured data about the Fox family. 

2. Querying Information by Structure 

The key idea is that queries do not need complete data—we can retrieve objects by their 

structure alone. 

(a) Retrieving All Families 

?- family(Husband, Wife, Children). 

(b) Finding Families with a Specific Surname 

?- family(person(_, fox, _, _), _, _). 

This retrieves all families where the husband's surname is Fox, without specifying other 

details. 



(c) Finding Families with at Least Three Children 

?- family(_, _, [_, _, _ | _]). 

This ensures the family has at least three children. 

(d) Finding All Married Women 

?- family(_, person(Name, Surname, _, _), _). 

3. Utility Rules for Queries 

To make database interaction easier, we define utility rules. 

(a) Checking Husbands, Wives, and Children 

husband(X) :- family(X, _, _).   

wife(X) :- family(_, X, _).   

child(X) :- family(_, _, Children), member(X, Children).   

(b) Checking if a Person Exists in the Database 

exists(Person) :- husband(Person); wife(Person); child(Person). 

(c) Retrieving Date of Birth and Salary 

dateofbirth(person(_, _, Date, _), Date).   

salary(person(_, _, _, works(_, S)), S).   

salary(person(_, _, _, unemployed), 0).   

4. Sample Queries 

(a) Finding All People in the Database 

?- exists(person(Name, Surname, _, _)). 

(b) Finding Children Born in 1981 

?- child(person(_, _, date(_, _, 1981), _)). 

(c) Finding Employed Wives 

?- wife(person(Name, Surname, _, works(_, _))). 

(d) Finding Unemployed People Born Before 1963 

?- exists(person(Name, Surname, date(_, _, Year), unemployed)), Year < 1963. 

(e) Finding People Born Before 1950 with Salary < 8000 



?- exists(Person), 

   dateofbirth(Person, date(_, _, Year)), 

   Year < 1950, 

   salary(Person, Salary), 

   Salary < 8000. 

(f) Finding Families with at Least Three Children 

?- family(person(_, Name, _, _), _, [_, _, _ | _]). 

5. Computing Family Income 

To compute total family income, we define a recursive rule: 

total([], 0).   

total([Person | List], Sum) :-   

    salary(Person, S),   

    total(List, Rest),   

    Sum is S + Rest. 

This calculates the total salary for a given list of people. 

(a) Querying a Family’s Total Income 

?- family(Husband, Wife, Children), 

   total([Husband, Wife | Children], Income). 

(b) Finding Families with Average Income < 2000 

?- family(Husband, Wife, Children), 

   total([Husband, Wife | Children], Income), 

   length([Husband, Wife | Children], N), 

   Income / N < 2000. 

This finds families where the average income per member is less than 2000. 

Thus, Prolog functions as a powerful database query language, enabling flexible and 

structured retrieval of information.  

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

What is data abstraction : 

 

Data abstraction is the process of organizing complex information into meaningful units, 

allowing programmers to interact with structured data without worrying about 

implementation details. In Prolog, this means representing data in a way that allows easy 

access while hiding the underlying representation. 

 

1. Importance of Data Abstraction 

 Simplifies data handling: Organizes related pieces of information into logical units. 

 Encapsulation: Hides implementation details from the user. 



 Enhances readability: Focuses on meaningful relations instead of raw data structures. 

 Improves reusability: Allows structured queries without knowing exact data 

representation. 

 

2. Data Abstraction in the Family Example 

Considering the family database, where each family consists of: 

 A husband 

 A wife 

 A list of children 

Instead of accessing each detail manually, we use selector relations to retrieve information 

without exposing the internal representation. 

Defining Selectors in Prolog : Selectors help extract specific components from a structured 

object. 

husband(family(Husband, _, _), Husband).   

wife(family(_, Wife, _), Wife).   

children(family(_, _, Children), Children).   

Here, each selector relation: 

 Takes a family object as input. 

 Extracts a specific component (husband, wife, or children). 

3. Advantages of Using Selector Relations 

 Encapsulation: The user does not need to know how the data is stored. 

 Simplified queries: The database can be queried using meaningful predicates. 

 Improved flexibility: If the internal representation changes, queries remain 

unchanged. 

For example, assume we want to find the second child of a family. Instead of directly 

accessing a list, we use selector relations: 

?- family(F), children(F, [_, SecondChild | _]). 

This query retrieves the second child without needing to know that children are stored in a 

list. 

Using selectors, we can easily retrieve components: 

?- family(F), husband(F, H). 

H = person(tom, fox, date(7, may, 1950), works(bbc, 15200)). 

 

?- family(F), wife(F, W). 

W = person(ann, fox, date(9, may, 1951), unemployed). 

 

?- family(F), children(F, C). 

C = [person(pat, fox, date(5, may, 1973), unemployed),   

     person(jim, fox, date(5, may, 1973), unemployed)]. 

This approach ensures that programmers focus on logic and relationships rather than 

implementation details, making Prolog a powerful database query language. 🚀 

 

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

Explain Simulating a non-deterministic automaton or Explain NFA. 

 

A non-deterministic finite automaton (NFA) is a mathematical model used in computer 

science to recognize patterns and process languages. Unlike a deterministic finite automaton 

(DFA), which follows a single computation path for a given input, an NFA can follow 

multiple paths simultaneously due to its ability to transition to multiple states for the same 

input. This allows it to handle uncertainty efficiently. 



 

Purpose of an NFA 

 

The primary goal of an NFA is to model and process sequences of inputs where multiple 

outcomes are possible. Since an NFA can explore all possible paths simultaneously, it 

provides a flexible way to represent complex decision-making processes, especially in pattern 

recognition, text processing, and artificial intelligence. 

Applications of NFAs 

 Regular Expressions: Many search algorithms and text processors (e.g., grep, regex 

engines) use NFAs to match patterns efficiently. 

 Compiler Design: NFAs help in lexical analysis to classify keywords, identifiers, and 

symbols. 

 Artificial Intelligence: They are used in probabilistic reasoning, game theory, and 

robotics. 

 Network Security: Intrusion detection systems use NFAs to recognize malicious 

patterns in network traffic. 

  

Example: Automatic Door System 

Consider an automatic door that opens when a person approaches and remains open while 

they are in range. The door closes when the person moves away. This system can be modeled 

as an NFA: 

1. States: {Closed, Open} 

2. Inputs: {PersonDetected, NoPerson} 

3. Transitions: 

o If the door is Closed and a person is detected, it transitions to Open. 

o If the door is Open and no person is detected, it may stay Open or transition to 

Closed (non-determinism). 

This non-deterministic behavior models real-world scenarios where decisions are not always 

fixed and depend on multiple conditions. 

Here's a simple state diagram for the Automatic Door System modeled as an NFA: 

 

Explanation of the Diagram: 

 The door starts in the Closed state. 

 If a PersonDetected event occurs, the system transitions to the Open state. 



 Once the door is Open, it can remain open as long as a person is detected. 

 If NoPerson is detected, the system may either keep the door open for a short time or 

transition back to the Closed state immediately (which introduces non-determinism). 

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

Explain the Travel planning example. 

 

A travel planner is a system that finds valid flight routes between two cities on a given day, 

ensuring proper scheduling and transfer times. 

Purpose 

The main objective is to compute possible flight routes using structured data, ensuring flights 

operate on the given weekday and that transfer times between connecting flights are 

sufficient. 

Structure of the Flight Timetable 

Each flight record follows this structure: 

Departure-time / Arrival-time / Flight-number / List-of-days 

Example: 

timetable(london, edinburgh,   

  [ 9:40 / 10:50 / lba4733 / alldays,   

    19:40 / 20:50 / lba4833 / [mo,tu,we,th,fr,su] ]).   

 Departure-time & Arrival-time: Represented as HH:MM. 

 Flight-number: Unique identifier. 

 List-of-days: Days when the flight operates (alldays or specific weekdays). 

Finding a Route 

The route relation is used to compute a valid travel plan: 

route(Start, Destination, Day, Route) 

 Direct Flight: If a direct flight exists, return it. 

 Indirect Flight: If no direct flight is available, find an intermediate city where a 

transfer is possible. 

Auxiliary Predicates 

1. Flight Availability: 

2. flight(From, To, Day, FlightNum, DepTime, ArrTime) 

o Checks if a flight exists on a given day. 

3. Departure Time Extraction: 

4. deptime(Route, Time) 

o Retrieves departure time of the next flight in a route. 

5. Transfer Time Verification: 

6. transfer(Time1, Time2) 

o Ensures at least 40 minutes between connecting flights. 

Example Use Cases 

1. Finding Direct Flights: 

2. ?- flight(london, ljubljana, Day, _, _, _). 

o Output: 

o Day = fr; 

o Day = su; 

o no. 

3. Finding a Route from London to Edinburgh on Monday: 

4. ?- route(london, edinburgh, mo, Route). 

o Example Output: 

o Route = [london-edinburgh : lba4733 : 9:40] 



Relation to Non-Deterministic Automata 

 Cities → Automaton states 

 Flights → Transitions between states 

 Timetable → Transition relation 

 Route search → Pathfinding in an automaton 

This approach efficiently models flight planning and can be optimized for larger databases. 

Let me know if you need refinements! 

 

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

Explain the eight queens problem: 

 

The Eight Queens Problem is a classic combinatorial puzzle that requires placing eight 

queens on an 8×8 chessboard such that no two queens threaten each other. This means: 

1. No two queens can be in the same row. 

2. No two queens can be in the same column. 

3. No two queens can be on the same diagonal. 

Purpose of the Problem 

The problem is an example of constraint satisfaction problems (CSPs) and is used in: 

 Artificial Intelligence (AI) for solving optimization problems. 

 Backtracking algorithms in programming. 

 Graph theory and combinatorics for exploring search spaces. 

Solution Approach 

There are multiple ways to solve the Eight Queens Problem: 

1. Backtracking Algorithm 

o Place queens row by row, ensuring that no placement violates constraints. 

o If a valid position is found, move to the next row. 

o If a row has no valid positions, backtrack to the previous row and try another 

position. 

2. Constraint Propagation (Heuristic Approach) 

o Use constraints to limit choices before placing a queen, improving efficiency. 

3. Genetic Algorithms & Evolutionary Techniques 

o Randomly generate board configurations and evolve solutions using mutation 

and crossover. 

4. Mathematical Solutions 

o Solutions can be precomputed for an N×N board, as the problem generalizes 

to the N-Queens problem. 

Example of Backtracking Solution (Steps) 

1. Place a queen in the first available row and column. 

2. Move to the next row and place the next queen where it’s safe. 

3. If a row has no valid positions, backtrack to the previous row and adjust placement. 

4. Repeat until all eight queens are placed correctly. 

Applications of the Problem 

 Scheduling Problems (e.g., exam timetables). 

 Parallel processing and CPU register allocation. 

 AI-based search algorithms (e.g., A* search). 

Would you like an implementation in Python or Prolog? 

 

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

 


