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COURSE CONTENT 
 

KNOWLEDGE REPRESENTATION AND REASONING LABORATORY 
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ACSE09 Foundation 
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0 0 2 1 40 60 100 

Contact Classes: Nil Tutorial Classes: Nil Practical Classes: 45 Total Classes: 45 

Prerequisite: There is no prerequisite to take this course 
 

I.  COURSE OVERVIEW: 

This course introduces students to the principles of symbolic AI through hands-on problem solving using Prolog. This 

laboratory focuses on representing knowledge using facts, rules, and logical structures, and performing inference 

through pattern matching, unification, and backtracking. Students will learn to model real-world scenarios using 

declarative logic, design intelligent agents, and solve problems involving reasoning, planning, and decision making. 

The course emphasizes developing expert systems, rule-based reasoning, and logical query processing. By the end of 

the laboratory, students gain practical experience in building intelligent applications that leverage formal logic and 

automated reasoning techniques. 

 

II. COURSES OBJECTIVES: 

    The students will try to learn 

 

I. The foundational understanding of how knowledge can be represented using logical facts, rules, and structures 

in Prolog. 

II. The application of reasoning techniques such as unification, pattern matching, and backtracking for solving 

AI-related problems. 

III. The ability to construct rule-based systems, expert systems, and intelligent agents using Prolog’s declarative 

programming approach. 

IV. The problem-solving skills by modeling real-world situations and implementing automated reasoning 

solutions in Prolog. 

 

III. COURSE OUTCOMES:  

      At the end of the course students should be able to: 

CO1 Identify the fundamental principles of knowledge representation, logical reasoning, and declarative 

programming in Prolog. 

CO2 Describe the structure and use of facts, rules, queries, and logical operators for representing knowledge 

effectively. 

CO3 Explain the concepts of unification, pattern matching, and backtracking as applied in Prolog reasoning 

systems. 

CO4 Interpret real-world problem domains and map them into appropriate logical representations using 

Prolog constructs. 

CO5 Apply predicates, recursion, and inference techniques to build basic knowledge-based and rule-driven 

systems. 

CO6 Use Prolog to implement simple reasoning tasks such as classification, relationship identification, 

pathfinding, and decision logic. 
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Knowledge Representation and Reasoning 

 

Introduction to Prolog (Programming in Logic) 

Prolog, an acronym for Programming in Logic, is a high-level declarative language rooted in the 

principles of first-order predicate logic and automated reasoning. Introduced in the early 1970s by 

Alain Colmerauer and Robert Kowalski, Prolog emerged from efforts to construct computational 

models capable of representing knowledge symbolically and deriving conclusions through logical 

inference. Unlike imperative languages such as Java, C, or Python - where programmers specify 

algorithmic steps, Prolog is founded on the paradigm of describing relationships, constraints, and 

logical dependencies, leaving the operational details of search and deduction to its inference engine. 

This shift from procedural specification to logical representation makes Prolog particularly suitable for 

domains requiring structured reasoning, explanation, and symbolic manipulation. 

The conceptual foundation of Prolog lies in three core constructs: facts, rules, and queries. Facts 

capture fundamental assertions about a domain. Rules express logical conditions that infer new 

knowledge when certain premises are satisfied, adhering to the Horn clause representation commonly 

used in logic programming. Queries serve as the interface through which users interrogate the 

knowledge base. The execution of a Prolog program is therefore a process of logical deduction, where 

the system attempts to satisfy queries by unifying terms, propagating variable bindings, and 

systematically exploring the search space. 

Two important mechanisms underlie Prolog’s operational semantics: unification and backtracking. 

Unification provides a substitution-based matching procedure that establishes equivalence between 

symbolic expressions, enabling variables to acquire values that satisfy logical constraints. 

Backtracking allows Prolog to navigate alternative computational paths when initial attempts to 

resolve a query fail, effectively enabling the exploration of multiple hypotheses or solution branches. 

This combination of unification-driven inference and systematic search forms the basis for Prolog’s 

non-deterministic behavior, where multiple solutions may be discovered for a single query. 

Prolog also supports recursion, list processing, tree traversal, and graph exploration through 

compact and mathematically transparent constructs. More advanced variants incorporate Constraint 

Logic Programming (CLP), extending Prolog’s capabilities to reason about numerical domains, 

scheduling constraints, optimization problems, and combinatorial configurations. 

Due to its logical expressiveness and robust inference capabilities, Prolog plays a significant role in 

numerous research and application areas. In Artificial Intelligence, it supports expert systems, 

reasoning engines, planning frameworks, and symbolic decision systems. In Computational Linguistics, 

Prolog facilitates grammar specification, language parsing, and semantic modeling through Definite 

Clause Grammars. It is equally valuable in knowledge representation, enabling the modeling of 

ontologies, semantic networks, and rule-based systems. Prolog’s relevance extends to theorem 

proving, automated deduction, bioinformatics knowledge systems, and intelligent tutoring 

environments, where explainability and logical transparency are essential. 

Prolog represents a foundational technology in the landscape of logic-based computation. Its 

declarative nature, grounded in formal logic, enables researchers and practitioners to construct 

systems that reason, infer, and explain. As the need for interpretable AI and structured knowledge 
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models grows, Prolog continues to offer a rigorous framework for developing intelligent systems that 

integrate logical clarity with computational power. 

 

 

Important Prolog Terminologies 

1. Fact 

A fact is a basic unit of knowledge representation that states something unconditionally true about a 

domain. It corresponds to a ground assertion in logic. 

Example: 

parent(john, mary). 

This indicates that John is the parent of Mary. 

2. Rule 

A rule establishes a conditional relationship between predicates using the “:-” operator. The head of the 

rule is true if all predicates in the body are true. Rules enable Prolog to derive new knowledge from existing 

information. 

Example: 

grandparent(X, Y) :- parent(X, Z), parent(Z, Y). 

This defines the relationship between grandparents and grandchildren. 

3. Query (Goal) 

A query is a question posed to the Prolog interpreter. The system attempts to satisfy the goal using facts, 

rules, unification, and backtracking. 

Example: 

?- parent(john, Y). 

Prolog returns all values of Y that satisfy the predicate. 

4. Predicate 

A predicate denotes a relation or property. It is identified by its name and arity. Predicates form the core 

components of facts and rules. 

Example: 

parent/2 represents a binary relation between a parent and a child. 

5. Atom 

An atom is a symbolic constant representing names, identifiers, or states. It is indivisible and used frequently 

in predicates and compound terms. 

Example: 

sunny. 

rainy. 

6. Variable 
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A variable is a placeholder that can be instantiated to different values during unification. Variables begin 

with uppercase letters or underscores. 

Example: 

likes(john, X). 

Here, X may unify with any term that satisfies the predicate. 

 

7. Term 

A term is the fundamental data object in Prolog. Terms may be atoms, numbers, variables, or compound 

structures. 

Examples: 

Atom: apple 

Number: 5 

Variable: X 

8. Compound Term 

A compound term represents a structured object composed of a functor and one or more arguments. 

Example: 

point(4, 7). 

Represents a geometric point with coordinates (4, 7). 

9. Functor 

The functor is the name of a compound term and defines its structural form. Combined with the arity, it 

uniquely identifies a relation or structure. 

Example: 

In edge(a, b), the functor is edge/2. 

10. Unification 

Unification is the process of determining whether two terms can be made identical through consistent 

substitutions. It is fundamental to Prolog’s pattern matching and inference. 

Example: 

?- f(X, b) = f(a, Y). 

X = a, 

Y = b. 

11. Backtracking 

Backtracking is Prolog’s method for exploring alternative possibilities when a goal fails. The system reverses 

to the most recent choice point and tries a different path. 

Example: 

color(red). 

color(green). 
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color(blue). 

Query: 

?- color(X). 

Prolog returns each color through backtracking. 

12. Clause 

A clause is either a fact or a rule. Clauses form the core structure of a Prolog program and correspond to 

Horn clauses in logic. 

Example: 

mammal(cat). 

animal(X) :- mammal(X). 

13. Knowledge Base 

The knowledge base contains all facts and rules stored in Prolog. It represents the domain of discourse and 

supports logical inference. 

Example: 

A family relationship knowledge base containing facts like: 

father(john, adam). 

mother(sara, adam). 

14. Recursion 

Recursion is used when a predicate refers to itself. It supports iteration over lists, trees, and structured data 

and is vital for defining inductive relationships. 

Example: 

length([], 0). 

length([_|T], N) :- length(T, M), N is M + 1. 

15. List 

A list is an ordered collection of elements enclosed in square brackets. Lists are central to many Prolog 

programs. 

Example: 

[1, 2, 3]. 

[H|T] = [1, 2, 3].   % H=1, T=[2,3] 

16. Cut Operator (!) 

The cut operator is used to control backtracking by preventing Prolog from reconsidering previous choices. 

It improves efficiency and enforces determinism. 

Example: 

max(X, Y, X) :- X >= Y, !. 

max(_, Y, Y). 

17. Anonymous Variable (_) 
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The anonymous variable is used when a value is intentionally ignored. Prolog does not store bindings for 

anonymous variables. 

Example: 

parent(_, Child). 

18. Arity 

Arity refers to the number of arguments a predicate has. Name and arity together uniquely identify a 

predicate. 

Example: 

distance/3 is different from distance/2. 

 

19. Goal and Subgoals 

A goal is the main objective Prolog tries to satisfy. Subgoals are smaller tasks derived from a rule’s body 

that must be resolved to satisfy the main goal. 

Example: 

happy(X) :- wealthy(X), healthy(X). 

To satisfy happy(X), Prolog must satisfy subgoals wealthy(X) and healthy(X). 

20. Resolution 

Resolution is the inference mechanism used by Prolog to derive conclusions. Prolog uses SLD-resolution to 

reduce goals and generate logical consequences. 

Example: 

Given: 

parent(alex, brian). 

parent(brian, chris). 

Prolog infers: 

grandparent(alex, chris). 

21. Built-in Predicate 

Built-in predicates are predefined operations for arithmetic, list processing, I/O, and control flow. They 

extend Prolog beyond pure logical relations. 

Examples: 

write(X). 

member(A, List). 

X is Y + 1. 
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EXERCISES FOR KNOWLEDGE REPRESENTATION AND  

REASONING LABORATORY 

 
Note:  
1. Students are encouraged to bring their own laptops for laboratory practice 

sessions. 

 

1.  Getting Started Exercises - Facts, Rules and Goals 

1.1 Food 

A restaurant maintains a simple knowledge base to categorize different food items and to determine which 

meals they can be served for. The system stores facts about which items are considered food, and which 

items are served during lunch or dinner. Using these facts, the restaurant also wants to define a rule to 

identify whether something can be considered a general meal. 

Your task is to use the given facts, rules, and queries to derive correct conclusions using Prolog’s inference 

mechanism. 

 

Facts: 

The restaurant has the following information: 

food(burger).        % X is a food item. 

food(sandwich). 

food(pizza). 

lunch(sandwich).   % X is served at lunch. 

dinner(pizza).        % X is served at dinner. 

 

Rule: 
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Define a rule to classify an item as a meal: 

meal(X) :- food(X).    % An item X is a meal if X is a food. 

 

Queries / Goals 

Use Prolog to answer the following queries: 

Q1. Is pizza a food? 

?- food(pizza). 

true. 

Q2. Which item is both a meal and served at lunch? 

?- meal(X), lunch(X). 

X = sandwich. 

Q3. Is sandwich served at dinner? 

?- dinner(sandwich). 

false. 

 

Sample Test Case 1 

Input Query 

?- food(X). 

Output 

X = burger ; 

X = sandwich ; 

X = pizza ; 

false. 

 

Sample Test Case 2 

Input Query 

?- meal(X). 

Output 

X = burger ; 

X = sandwich ; 

X = pizza ; 

false. 

 

Sample Test Case 3 

Input Query 

?- lunch(X). 
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Output 

X = sandwich. 

 

Sample Test Case 4 

Input Query 

?- dinner(X). 

Output 

X = pizza. 

 

Sample Test Case 5 

Input Query 

?- food(X), dinner(X). 

Output 

X = pizza. 

 

Sample Test Case 6 

Input Query 

?- lunch(burger). 

Output 

false. 

 

Sample Test Case 7 

Input Query 

?- meal(X), dinner(X). 

Output 

X = pizza. 

 

1.2 Family Relationship 

You are given a small family tree using parent relationships. Your task is to define:  

Facts representing parent–child relationships 

Rules to infer new relations such as: 

• Grandparent 

• Child 

• Has a child 

Using these, you must answer queries about family relationships. 
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* parent/2 is Prolog notation used to describe a predicate (a relation) and the number of 

arguments it takes. 

Notation Meaning 

parent/2 Predicate named parent, takes 2 arguments 

grandparent/2 Predicate named grandparent, 2 arguments 

has_child/1 Predicate named has_child, 1 argument 

 

Facts:  

The family tree is defined using the following parent/2 relation: 

parent(pam, bob). 

parent(tom, bob). 

parent(tom, liz). 

parent(bob, ann). 

parent(bob, pat). 

parent(pat, jim). 

 

Rules: 

You must define these rules: 

1. Grandparent rule 

grandparent(X, Y) :- parent(X, Z), parent(Z, Y). 

2. Child rule 

child(X, Y) :- parent(Y, X). 

3. Has-child rule 

has_child(X) :- parent(X, _). 

Queries: 
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Q1: Who is Pat’s parent? 

?- parent(X, pat). 

Q2: Does Liz have a child? 

?- has_child(liz). 

Q3: Who is Pat’s grandparent? 

?- grandparent(X, pat). 

 

Sample Test Case 1 

Input Query 

?- parent(X, pat). 

Output 

X = bob. 

 

Sample Test Case 2 

Input Query 

?- has_child(liz). 

Output 

false. 

 

Sample Test Case 3 

Input Query 

?- grandparent(X, pat). 

Output 

X = tom; 

X = pam; 

false 

 

Sample Test Case 4 

Input Query 

?- child(jim, X). 

Output 

X = pat. 

 

Sample Test Case 5 

Input Query 

?- parent(X, Y). 

Output 
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X = pam, 

Y = bob ; 

X = tom, 

Y = bob ; 

X = tom, 

Y = liz ; 

X = bob, 

Y = ann ; 

X = bob, 

Y = pat ; 

X = pat, 

Y = jim ; 

 

1.3 Student – Teacher Relationship 

A university wants to maintain information about which students study which courses and which teachers 

teach those courses. Using this database, we want to determine: 

• What course a student studies 

• Which course a teacher teaches 

• Who is the professor of a specific student 

• Which students are taught by a particular professor 

You must provide facts, a rule for determining professorship, and perform queries to retrieve information 

from the knowledge base. 

 

Facts 

studies(charlie, csc135).     % charlie studies csc135 

studies(olivia, csc135).      % olivia studies csc135 

studies(jack, csc131).        % jack studies csc131 

studies(arthur, csc134).      % arthur studies csc134 

teaches(kirke, csc135).       % kirke teaches csc135 

teaches(collins, csc131).     % collins teaches csc131 

teaches(collins, csc171).     % collins teaches csc171 

teaches(juniper, csc134).     % juniper teaches csc134 

 

Rule 

professor(X, Y) :- teaches(X, C), studies(Y, C). 

X is a professor of Y if X teaches course C and Y studies the same course C. 

Here: 
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X → Professor (teacher) 

Y → Student 

C → Course 

All are variables. 

 

Queries: 

Q1. What does Charlie study? 

?- studies(charlie, What). 

Output 

What = csc135. 

Q2. Who are the students of professor Kirke? 

?- professor(kirke, Students). 

Output 

Students = charlie ; 

Students = olivia. 

 

Sample Test Case 1 

Input Query 

?- teaches(Teacher, csc131). 

Output 

Teacher = collins. 

 

Sample Test Case 2 

Input Query 

?- studies(Student, csc134). 

Output 

Student = arthur. 

 

Sample Test Case 3 

Input Query 

?- professor(P, S). 

Output 

P = kirke, S = charlie ; 

P = kirke, S = olivia ; 

P = collins, S = jack ; 

P = juniper, S = arthur ; 

false. 
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Sample Test Case 4 

Input Query 

?- professor(collins, olivia). 

Output 

false. 

 

Sample Test Case 5 

Input Query 

?- professor(juniper, S). 

Output 

S = arthur. 

 

1.4 Car Ownership 

A car dealership maintains information about people and the cars they own. Each car has a type such as 

sedan or truck. Using Prolog, represent this information and determine car ownership, car type, and 

relationships between people and cars. 

 

Facts 

owns(jack, car(bmw)). 

% Jack owns a BMW car 

owns(john, car(chevy)). 

% John owns a Chevy car 

owns(olivia, car(civic)). 

% Olivia owns a Civic car 

owns(jane, car(chevy)). 

% Jane owns a Chevy car 

sedan(car(bmw)). 

% BMW is a sedan 

sedan(car(civic)). 

% Civic is a sedan 

truck(car(chevy)). 

% Chevy is a truck 

 

Rules 

owner_of(Person, Car) :-  owns(Person, Car). 

Meaning: 
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A person Person is the owner of Car if they own that car. 

car_type(Car, Type) :- sedan(Car), Type = sedan ; truck(Car), Type = truck. 

Meaning: 

A car is of a certain Type (sedan/truck) based on facts. 

owns_type(Person, Type) :- owns(Person, Car), car_type(Car, Type). 

Meaning: 

A person owns a car of type Type if they own a car and that car is of type Type. 

  

Queries 

Q1. What car does John own? 

?- owns(john, X). 

Q2. Does John own anything? 

?- owns(john, _). 

Q3. Who owns the Chevy car? 

?- owns(Who, car(chevy)). 

Q4. Does Jane own a sedan? 

?- owns(jane, X), sedan(X). 

Q5. Does Jane own a truck? 

?- owns(jane, X), truck(X). 

 

Sample Test Case 1 

Input Query 

?- owns(john, X). 

Output 

X = car(chevy). 

 

Sample Test Case 2 

Input Query 

?- owns(john, _). 

Output 

true. 

 

Sample Test Case 3 

Input Query 

?- owns(Who, car(chevy)). 

Output 

Who = john ; 
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Who = jane. 

 

Sample Test Case 4 

Input Query 

?- owns(jane, X), sedan(X). 

Output 

false. 

 

Sample Test Case 5 

Input Query 

?- owns(jane, X), truck(X). 

Output 

X = car(chevy). 

 

Sample Test Case 6 

Input Query 

?- sedan(X). 

Output 

X = car(bmw) ; 

X = car(civic). 

 

Sample Test Case 7 

Input Query 

?- truck(X). 

Output 

X = car(chevy). 

 

1.5 Doctor Patient Relationship 

A hospital wants to maintain information about which patients are diagnosed with which diseases and which 

doctors treat those diseases. 

Using this database, we want to determine: 

• What disease a patient has 

• Which disease a doctor treats 

• Who is the doctor of a specific patient 

• Which patients are treated by a particular doctor 

You must provide facts, a rule for determining treatment responsibility, and queries to retrieve information 

from the knowledge base. 
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Facts 

diagnosed(sam, diabetes).           % sam is diagnosed with diabetes 

diagnosed(rachel, flu).                 % rachel is diagnosed with flu 

diagnosed(leo, hypertension).     % leo is diagnosed with hypertension 

diagnosed(nina, diabetes).          % nina is diagnosed with diabetes 

treats(dr_adams, diabetes).         % dr_adams treats diabetes 

treats(dr_clark, hypertension).     % dr_clark treats hypertension 

treats(dr_smith, flu).                     % dr_smith treats flu 

treats(dr_smith, cold).                  % dr_smith also treats cold 

 

Rule 

doctor(X, Y) :- treats(X, D), diagnosed(Y, D). 

Meaning: 

X is the doctor of Y if X treats disease D and Y is diagnosed with the same disease D. 

Here: 

X → Doctor 

Y → Patient 

D → Disease 

(All are variables) 

 

Queries 

Q1. What disease is Sam diagnosed with? 

?- diagnosed(sam, What). 

Output 

What = diabetes. 

Q2. Who are the patients treated by Dr. Adams? 

?- doctor(dr_adams, Patients). 

Output 

Patients = sam ; 

Patients = nina. 

Sample Test Cases 

 

Sample Test Case 1 

Input Query 

?- treats(Doctor, flu). 

Output 
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Doctor = dr_smith. 

 

Sample Test Case 2 

Input Query 

?- diagnosed(Patient, diabetes). 

Output 

Patient = sam ; 

Patient = nina. 

 

Sample Test Case 3 

Input Query 

?- doctor(D, P). 

Output 

D = dr_adams, P = sam ; 

D = dr_adams, P = nina ; 

D = dr_smith, P = rachel ; 

D = dr_clark, P = leo ; 

false. 

 

Sample Test Case 4 

Input Query 

?- doctor(dr_clark, rachel). 

Output 

false. 

Because Dr. Clark treats hypertension, and Rachel has flu. 

 

Sample Test Case 5 

Input Query 

?- doctor(dr_smith, P). 

Output 

P = rachel. 

 

2.  Operator Evaluation 

2.1 Expression Evaluation 
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The goal of this problem is to understand how Prolog handles arithmetic operations. Unlike many 

languages, Prolog does not evaluate arithmetic expressions automatically. To evaluate an arithmetic 

expression, Prolog uses the special operator is, and the expression must always be on the right side of is. 

This program demonstrates: 

• Basic arithmetic operations (+, -, *, /, mod, ^) 

• Correct and incorrect use of is/2 

• Difference between assignment (=) and evaluation (is) 

• Arithmetic comparison operators (<, >, =<, >=, =:=, ==`) 

• How Prolog answers arithmetic queries 

Note: Facts and Rules: No facts and rules are needed for arithmetic example. 

 

Queries 

?- X is 3+2. 

?- 3+2 is X. 

?- X = 3+2. 

?- X is +(3,2). 

?- 5 is 3+2. 

?- X is 3*2. 

?- X is 3-2. 

?- X is -(2,3). 

?- X is 5-3-1. 

?- X is 3/5. 

?- X is 3 mod 5. 

?- X is 5^3. 

?- X is (5^3)^2. 

?- Y is 3+2*4-1. 

?- Y is (3+2)*4-1. 

?- X is 3*2, Y is X*2. 

 

Sample Test Case 1 

Input Query 

?- X is 3+2. 

Output 

X = 5. 

 

Sample Test Case 2 

Input Query 

?- 3+2 is X. 
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Output 

ERROR: is/2: Arguments are not sufficiently instantiated 

 

 

Sample Test Case 3 

Input Query 

?- X = 3+2. 

Output 

X = 3+2. 

 

Sample Test Case 4 

Input Query 

?- X is 3*2. 

Output 

X = 6. 

 

Sample Test Case 5 

Input Query 

?- X is 3/5. 

Output 

X = 0.6. 

 

Sample Test Case 6 

Input Query 

?- X is 5^3. 

Output 

X = 125. 

 

Sample Test Case 7 

Input Query 

?- Y is 3+2*4-1. 

Output 

Y = 10. 

 

Sample Test Case 8 

Input Query 

?- X is 3*2, Y is X*2. 
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Output 

X = 6, 

Y = 12. 

 

 

 

2.2 Built-in Arithmetic Functions 

Design and implement a Prolog program to evaluate arithmetic expressions represented using structured 

terms. Each expression may consist of: 

• Addition: add(X, Y) 

• Subtraction: sub(X, Y) 

• Multiplication: mul(X, Y) 

• Division: div(X, Y) 

• Nested expressions (e.g., add(mul(2,3), sub(10,4))) 

Write a predicate: 

evaluate(Expression, Result) 

that computes the numerical value of the given arithmetic expression using recursion and the is/2 operator. 

Your program must correctly handle: 

• Integer values 

• Nested arithmetic expressions 

• Multiple operations combined together 

Example Expressions 

• add(2, 3) 

• sub(10, mul(2, 3)) 

• add(mul(3, 5), div(20, 4)) 
 

Facts 

% expression(Name, Expr) 

expression(e1, add(4,6)). 

expression(e2, add(mul(2,3), sub(10,4))). 

expression(e3, div(20,5)). 

expression(e4, sub(add(10, mul(2,5)), div(30,3))). 

expression(e5, add(mul(2, add(3,1)), sub(15, div(9,3)))). 

 

Rules 

Base Case: Integer Evaluation 

evaluate(X, X) :- 

    number(X).     % If the expression is a number, result is the number itself 

Addition 
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evaluate(add(X, Y), R) :- 

    evaluate(X, R1), 

    evaluate(Y, R2), 

    R is R1 + R2. 

Subtraction 

evaluate(sub(X, Y), R) :- 

    evaluate(X, R1), 

    evaluate(Y, R2), 

    R is R1 - R2. 

Multiplication 

evaluate(mul(X, Y), R) :- 

    evaluate(X, R1), 

    evaluate(Y, R2), 

    R is R1 * R2. 

Division 

evaluate(div(X, Y), R) :- 

    evaluate(X, R1), 

    evaluate(Y, R2), 

    R is R1 / R2. 

 

Sample Test Case 1 

Input Query: Simple Addition 

?- evaluate(add(4, 6), R). 

Output 

R = 10. 

 

Sample Test Case 2 

Input Query: Nested Expression 

?- evaluate(add(mul(2, 3), sub(10, 4)), R). 

Output 

R = 12. 

 

Sample Test Case 3 

Input Query: Expression with Division 

?- evaluate(div(20, 5), R). 

Output 
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R = 4. 

 

Sample Test Case 4 

Input Query: Multi-Level Nesting 

?- evaluate(sub(add(10, mul(2, 5)), div(30, 3)), R). 

Output 

R = 17. 

 

 

 

 

Sample Test Case 5 

Input Query: Deeply Nested Expression 

?- evaluate(add(mul(2, add(3, 1)), sub(15, div(9,3))), R). 

Output 

R = 23. 

 

2.3 Sum, Average and Maximum of Numbers 

Read a list of numbers and write a program to compute the sum, average, and maximum of a list of numbers 

using arithmetic operators. 

Create three predicates: 

list_sum(List, Sum). 

list_average(List, Average). 

list_max(List, Max). 

Your program must: 

• Use recursion for computing the sum. 

• Use arithmetic operators (+, >, /, etc.). 

• Correctly compute: 

o The total sum of elements 

o The average (sum divided by number of elements) 

o The maximum element of the list 

• Handle lists of positive integers. 
 

Facts 

% list_data(Name, List) 

list_data(l1, [2,4,6,8]). 

list_data(l2, [10,20,30]). 

list_data(l3, [5,7,2,9,1]). 

list_data(l4, [3,6,9]). 
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list_data(l5, [42]). 

 

Rules 

Rule 1: list_sum(List, Sum) – Using Recursion 

% sum of an empty list is 0 

list_sum([], 0). 

% recursive sum: Sum = Head + SumOfTail 

list_sum([H|T], Sum) :- 

    list_sum(T, Rest), 

    Sum is H + Rest. 

 

 

Rule 2: list_average(List, Average) 

list_average(List, Average) :- 

    list_sum(List, Sum), 

    length(List, N), 

    N > 0, 

    Average is Sum / N. 

Rule 3: list_max(List, Max) 

% max of single-element list 

list_max([X], X). 

% recursive max 

list_max([H|T], Max) :- 

    list_max(T, TempMax), 

    (H > TempMax -> Max = H ; Max = TempMax). 

 

Sample Test Case 1 

Input Query: Simple Sum 

?- list_sum([2,4,6,8], S). 

Output 

S = 20. 

 

Sample Test Case 2 

Input Query: Compute Average 

?- list_average([10, 20, 30], A). 

Output 
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A = 20. 

 

Sample Test Case 3 

Input Query: Maximum Element 

?- list_max([5, 7, 2, 9, 1], M). 

Output 

M = 9. 

 

Sample Test Case 4 

Input Query: All Operations on the Same List 

?- list_sum([3,6,9], S), list_average([3,6,9], A), list_max([3,6,9], M). 

Output 

S = 18, 

A = 6, 

M = 9. 

Sample Test Case 5 

Input Query: Single Element List 

?- list_max([42], M). 

Output 

M = 42. 

 

2.4 Student Grade Calculation 

Write a Prolog program to compute a student's final grade based on five assessment components: 

• Assignment Score (A) 

• Mid-term Exam (M) 

• Lab Performance (L) 

• Project Score (P) 

• Final Exam (F) 

The final grade must be calculated using the following weighted formula: 

 

Write a predicate: 

final_grade(A, M, L, P, F, Grade) 

Use arithmetic operators: 

• (multiplication) 

• + (addition) 

• / (division) 

• // (integer division) — in one test case 

• mod (modulus) — in one test case 
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Your program must compute Grade as a floating value. 

 

Facts 

% student(ID, Assignment, Midterm, Lab, Project, FinalExam) 

student(s1, 80, 70, 90, 85, 75). 

student(s2, 100, 100, 100, 100, 100). 

student(s3, 30, 40, 35, 20, 50). 

student(s4, 80, 70, 60, 90, 50). 

student(s5, 90, 80, 70, 60, 50). 

student(s6, 0, 0, 0, 0, 0). 

 

Rules 

Final Grade Calculation Rule 

% final_grade(A, M, L, P, F, Grade) 

final_grade(A, M, L, P, F, Grade) :- Grade is ((A*10) + (M*20) + (L*15) + (P*25) + (F*30)) / 100. 

Rule to get grade directly from student ID 

% grade_of_student(ID, Grade) 

grade_of_student(ID, Grade) :- student(ID, A, M, L, P, F), final_grade(A, M, L, P, F, Grade). 

 

Sample Test Case 1 

Input Query: Calculate grade of student s1 

?- grade_of_student(s1, G). 

Output 

G = 79.0. 

 

Sample Test Case 2 

Input Query: Perfect score student 

?- grade_of_student(s2, G). 

Output 

G = 100.0. 
 

Sample Test Case 3 

Input Query: Low score student 

?- grade_of_student(s3, G). 

Output 

G = 38.5. 
 

Sample Test Case 4 
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Input Query: Using Integer Division (//) 

?- grade_of_student(s4, G), R is G // 1. 

Output 

G = 69.5, 

R = 69. 
 

Sample Test Case 5 

Input Query: Use Modulus (mod) 

?- grade_of_student(s5, G), X is round(G*10), M is X mod 10. 

Output 

G = 69.5, 

X = 695, 

M = 5. 
 

Sample Test Case 6 

Input Query: Boundary Case 

?- grade_of_student(s6, G). 

Output 

G = 0.0. 

2.5 Student Performance Checker 

In IARE College, faculty use an automated Prolog-based system to evaluate the performance of students. 

Each student’s score must be compared with different benchmarks to determine their academic status. 

The system uses comparison operators such as: 

>, <, >=, =<, =:=, =\=. 

Your task is to write a Prolog program that evaluates various academic conditions for students. 

Design and implement the predicate: 

check_status(Operation, Score, Benchmark, Result) 

Where: 

• Score → the student's marks 

• Benchmark → cutoff/requirement 

• Operation → the type of comparison 

• Result → yes/no 

The system supports the following operations: 

Operation Meaning 

pass              True if Score >= Benchmark 

fail              True if Score < Benchmark 

distinction True if Score > Benchmark 
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equal_to True if Score =:= Benchmark 

not_equal_to True if Score == Benchmark 

 

Facts 

status_description(pass, 'Student passes if score is greater than or equal to the benchmark.'). 

status_description(fail, 'Student fails if score is less than the benchmark.'). 

status_description(distinction, 'Student earns distinction if score is strictly greater than the benchmark.'). 

status_description(equal_to, 'Student score must match the benchmark exactly.'). 

status_description(not_equal_to, 'Student score must differ from the benchmark.'). 

 

Rules 

check_status(pass, Score, Benchmark, yes) :- Score >= Benchmark, !. 

check_status(pass, _, _, no). 

check_status(fail, Score, Benchmark, yes) :- Score < Benchmark, !. 

check_status(fail, _, _, no). 

check_status(distinction, Score, Benchmark, yes) :- Score > Benchmark, !. 

check_status(distinction, _, _, no). 

check_status(equal_to, Score, Benchmark, yes) :- Score =:= Benchmark, !. 

check_status(equal_to, _, _, no). 

check_status(not_equal_to, Score, Benchmark, yes) :- Score =\= Benchmark, !. 

check_status(not_equal_to, _, _, no). 

Sample Test Case 1 

Input Query: Checking Pass Status  

A student scored 78, and the passing mark is 40. 

?- check_status(pass, 78, 40, R). 

Output 

R = yes. 

 

Sample Test Case 2 

Input Query: Checking Failure  

A student scored 32, but the passing mark is 40. 

?- check_status(fail, 32, 40, R).  

Output 

R = yes. 

 

Sample Test Case 3 

Input Query: Checking Distinction  
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A student earns distinction only if score > 75. 

?- check_status(distinction, 88, 75, R).  

Output 

R = yes. 

 

Sample Test Case 4 

Input Query: Checking Exact Match  

A student scored 50, and the benchmark is also 50. 

?- check_status(equal_to, 50, 50, R).  

Output 

R = yes. 

 

Sample Test Case 5 

Input Query: Checking Non-Equality  

The benchmark is 60, but the student scored 60 — does not count as "not equal". 

?- check_status(not_equal_to, 60, 60, R).  

Output 

R = no. 

 

 

 

 

3.  List Concepts 

3.1 Own Pet and Love  

A small pet adoption center tracks the pets they have and the characteristics of each pet. Mary adopts pets 

based on specific conditions and loves whatever she owns. You must represent this knowledge in Prolog 

using facts and rules, and then use queries to retrieve information such as what Mary owns and who loves 

which pets. 

 

Facts 

cat(fubby).                % Fubby is a cat 

black_spots(fubby).  % Fubby has black spots 

cat(coby).                  % Coby is also a cat (additional fact for listing) 

dog(figaro).               % Figaro is a dog 

white_spots(figaro).   % Figaro has white spots 

 

Rules 
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owns(mary, Pet) :- 

    cat(Pet), 

    black_spots(Pet). 

Meaning: 

Mary owns a pet if the pet is a cat and has black spots. 

loves(Who, What) :- 

    owns(Who, What). 

Meaning: 

Someone loves whatever they own. 

 

Queries 

Q1. List all cat facts 

?- listing(cat). 

Q2. List the rule for owns/2 

?- listing(owns). 

Q3. Who loves what? 

?- loves(Who, What). 

Q4. Does Mary own something? 

?- owns(mary, _). 

 

Sample Test Case 1 

Input Query 

?- listing(cat). 

 

Output 

cat(fubby). 

cat(coby). 

true. 

 

Sample Test Case 2 

Input Query 

?- listing(owns). 

Output 

owns(mary, A) :- 

    cat(A), 

    black_spots(A). 
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true. 

 

Sample Test Case 3 

Input Query 

?- loves(Who, What). 

Output 

Who = mary, 

What = fubby. 

 

Sample Test Case 4 

Input Query 

?- owns(mary, _). 

Output 

true. 

 

Sample Test Case 5 

Input Query 

?- black_spots(X). 

Output 

X = fubby. 

 

Sample Test Case 6 

Input Query 

?- owns(mary, figaro). 

Output 

false. 

 

Sample Test Case 7 

Input Query 

?- black_spots(X) ; white_spots(X). 

Output 

X = fubby ; 

X = figaro. 

 

3.2 Student-Course Enrollment 

A university wants to keep track of which students are taking which courses. Some courses are marked as 

difficult.  
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You must write facts to record student-course enrollment and identify struggling students, i.e., students 

taking difficult courses. 

 

Facts 

takes(ashok, maths).    % ashok studies maths 

takes(sita, physics).      % sita studies physics 

takes(ram, maths).       % ram studies maths 

difficult(maths).            % maths is a difficult course 

 

Rule 

struggling(Student) :- takes(Student, Course), difficult(Course). 

% A Student is struggling if they take a Course and that Course is difficult. 

 

Queries 

Q1. Who is struggling? 

?- struggling(X). 

Q2. What course does ram take? 

?- takes(ram, C). 

Q3. Is physics difficult? 

?- difficult(physics). 

Q4. List all student-course relationships? 

?- listing(takes). 

Q5. List all difficult courses? 

?- listing(difficult). 

 

Sample Test Case 1 

Input Query 

?- struggling(X). 

 

Output 

X = ashok ; 

X = ram. 

 

Sample Test Case 2 

Input Query 

?- takes(ram, C). 

Output 
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C = maths. 

 

Sample Test Case 3 

Input Query 

?- difficult(physics). 

Output 

false. 

 

Sample Test Case 4 

Input Query 

?- listing(takes). 

Output 

takes(ashok, maths). 

takes(sita, physics). 

takes(ram, maths). 

true. 

 

3.3 Library Book Tracking System 

A college library maintains simple lists to track student activities. Each student borrows books, and each 

list represents the order in which books were borrowed. The librarian wants to perform several operations 

on these lists, such as finding the last borrowed book, identifying the book borrowed just before the last 

one, retrieving a specific book in the borrowing order, counting all borrowed books, and generating the 

reverse list to see the latest activity first. 

You must help the librarian by writing Prolog predicates to perform these operations. 

% Find the last element of a list 

% my_last(X, List) :- X is the last element of List. 

my_last(X, [X]). 

my_last(X, [_|T]) :- 

    my_last(X, T). 

% Find the last but one element of a list 

% last_but_one(X, List) :- X is the second last element. 

last_but_one(X, [X, _]). 

last_but_one(X, [_|T]) :- 

    last_but_one(X, T). 

% Find the K'th element of a list (1-based indexing) 

% element_at(X, List, K) :- X is the Kth element of List. 

element_at(X, [X|_], 1). 
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element_at(X, [_|T], K) :- 

    K > 1, 

    K1 is K - 1, 

    element_at(X, T, K1). 

% Find the number of elements of a list 

% list_length(List, N) :- N is the number of elements. 

list_length([], 0). 

list_length([_|T], N) :- 

    list_length(T, N1), 

    N is N1 + 1. 

% Reverse a list 

% reverse_list(List, ReversedList) 

reverse_list(L, R) :- 

    reverse_acc(L, [], R). 

% Helper accumulator predicate 

reverse_acc([], Acc, Acc). 

reverse_acc([H|T], Acc, R) :- 

    reverse_acc(T, [H|Acc], R). 

 

Sample Test Case 1 

Input Query: Last Book 

?- my_last(Book, [maths, physics, chemistry, biology]). 

Output 

Book = biology. 

 

Sample Test Case 2 

Input Query: Last But One 

?- last_but_one(B, [maths, physics, chemistry, biology]). 

Output 

B = chemistry. 

 

 

Sample Test Case 3 

Input Query: Kth Book 

?- element_at(X, [maths, physics, chemistry, biology], 3). 

Output 
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X = chemistry. 

 

Sample Test Case 4 

Input Query: List Length 

?- list_length([maths, physics, chemistry, biology], L). 

Output 

L = 4. 

 

Sample Test Case 5 

Input Query: Reverse Borrow History 

?- reverse_list([maths, physics, chemistry, biology], R). 

Output 

R = [biology, chemistry, physics, maths]. 

 

3.4 Secret Code Validator 

Lila is a young puzzle enthusiast who loves creating secret messages for her friends. She designs her codes 

using sequences of symbols, such as letters, numbers, or special characters. 

But there is a catch: 

A secret code is considered valid only if it is a palindrome. 

A palindrome is a sequence that reads the same forward and backward. 

Examples: 

• [x, a, m, a, x] 

• [1, 2, 3, 2, 1] 

• [r, a, c, e, c, a, r] 

Lila wants to check whether a given list of symbols forms a valid palindromic secret code. 

Your task is to help Lila by writing a Prolog program with a predicate: is_palindrome(List). 

The predicate must: 

• Succeed if the list is a palindrome 

• Fail if the list is not a palindrome 

• Use list operations (such as reversing a list) 

• Work for any list of characters or numbers 

% Reverse a list using an accumulator 

% reverse_list(List, ReversedList) 

reverse_list(L, R) :- 

    reverse_acc(L, [], R). 

reverse_acc([], Acc, Acc). 

reverse_acc([H|T], Acc, R) :- 

    reverse_acc(T, [H|Acc], R). 
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% Check whether a list is a palindrome 

% is_palindrome(List) :- true if List reads the same forward and backward. 

is_palindrome(List) :- 

    reverse_list(List, Rev), 

    List = Rev. 

 

Sample Test Case 1 

Input Query: Valid Palindrome 

?- is_palindrome([x,a,m,a,x]). 

Output 

true 

 

Sample Test Case 2 

Input Query: Not a Palindrome 

?- is_palindrome([p,r,o,l,o,g]). 

Output 

false 

 

Sample Test Case 3 

Input Query: Numeric Palindrome 

?- is_palindrome([1,2,3,2,1]). 

Output 

true 

 

Sample Test Case 4 

Input Query: Single Element 

?- is_palindrome([z]). 

Output 

true 

 

Sample Test Case 5 

Input Query: Empty List 

?- is_palindrome([]). 

Output 

true 

 

3.5 Robo’s Sensor Log 
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Robo is an autonomous service robot that moves around a smart home. Throughout the day, Robo collects 

sensor readings that indicate the type of surface it is walking on. The surfaces are labeled as: 

a → carpet 

b → wooden floor 

c → tiles 

d → outdoor path 

e → wet area 

However, Robo has a problem: Its sensors record the same reading repeatedly when Robo stays on the 

same surface. 

Example: If Robo walks on a carpet for a long time, the logs look like: [a, a, a, a] 

The Smart Home System only needs unique consecutive readings, so that it knows the sequence of surfaces 

Robo moved across, not how long it stayed there. Your task is to help Robo by writing a Prolog program 

that removes consecutive duplicates from the sensor log. 

You must define the predicate: compress(InputList, CleanedList) 

The predicate should: 

• Remove only consecutive duplicate elements 

• Keep the order of elements 

• Retain one instance of each repeated item 

• Work for any list of atoms or numbers 

% compress(List, CompressedList) 

% Remove consecutive duplicate elements from a list. 

% Case 1: Empty list 

compress([], []). 

% Case 2: Single element list 

compress([X], [X]). 

% Case 3: If the first two elements are the same, skip one 

compress([X, X | T], R) :- 

    compress([X | T], R). 

% Case 4: If the first two elements are different, keep the first 

compress([X, Y | T], [X | R]) :- 

    X \= Y, 

    compress([Y | T], R). 

 

Sample Test Case 1 

Input Query 

?- compress([a,a,a,a,b,c,c,a,a,d,e,e,e,e], X). 

Output 

X = [a, b, c, a, d, e]. 
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Sample Test Case 2 

Input Query: Repeated Numbers 

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

Output 

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

 

Sample Test Case 3 

Input Query: No duplicates 

?- compress([p,q,r], X). 

Output 

X = [p,q,r]. 

 

4.  Recursion 

4.1 Sum of All Elements in a List  

A system wants to compute the total sum of all numbers in a list using recursion. 

We want to determine: 

The sum of a given list 

How recursion processes head and tail 

How Prolog performs addition step-by-step 

Facts 

(No facts needed—pure recursive rule.) 

Rules 

sum_list([], 0).                               % Base case 

sum_list([H|T], Sum) :-                   % Recursive case 

    sum_list(T, Rest),  

    Sum is H + Rest. 

Queries 

Q1. What is the sum of the list [4, 6, 10]? 

?- sum_list([4,6,10], S). 

Output: 

S = 20. 

 

Sample Test Case 1 

Input Query 

?- sum_list([], S). 
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Output 

S = 0. 

Sample Test Case 2 

Input Query 

?- sum_list([1,2,3,4], S). 

Output 

S = 10. 

 

Sample Test Case 3 

Input Query 

?- sum_list([4, 6, 10], S). 

Output 

S = 20. 

 

Sample Test Case 4 

Input Query 

?- sum_list([10, -2, 8, -6], S). 

Output 

S = 10. 

 

Sample Test Case 5 

Input Query 

?- sum_list([100], S). 

Output 

S = 100. 

 

4.2 Finding Length of a List  

A program must determine the number of elements in a list. Recursion is used to count elements one by 

one. 

 

Rules 

list_length([], 0).                          % Base case 

list_length([_|T], N) :-                   % Recursive case 

    list_length(T, M), 

    N is M + 1. 

 

Queries 
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Q1. What is the length of [a,b,c,d]? 

?- list_length([a,b,c,d], L). 

Output: 

L = 4. 

Sample Test Case 1 

Input Query 

?- list_length([a, b, c, d], L). 

Output 

L = 4. 

 

Sample Test Case 2 

Input Query 

?- list_length([], L). 

Output 

L = 0. 

 

Sample Test Case 3 

Input Query 

?- list_length([1, 2, 3], L). 

Output 

L = 3. 

 

Sample Test Case 4 

Input Query 

?- list_length([apple], L). 

Output 

L = 1. 

 

Sample Test Case 5 

Input Query 

?- list_length([x, y, z, w, k, t], L). 

Output 

L = 6. 

 

4.3 Finding Maximum in a List  

A program identifies the largest element in a list using recursion. We want to determine: 

Maximum element and how comparisons happen recursively. 
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Rules 

max_list([X], X).                 

max_list([H|T], Max) :- 

    max_list(T, TempMax), 

    ( H > TempMax -> Max = H ; Max = TempMax ). 

 

Queries 

Q1. What is the maximum element in [3, 10, 6, 8]? 

?- max_list([3,10,6,8], M). 

Output: 

M = 10. 

 

Sample Test Case 1 

Input Query 

?- max_list([3, 10, 6, 8], M). 

Output 

M = 10. 

 

Sample Test Case 2 

Input Query 

?- max_list([5], M). 

Output 

M = 5. 

 

Sample Test Case 3 

Input Query 

?- max_list([9, -1, 4, 7, 3], M). 

Output 

M = 9. 

 

Sample Test Case 4 

Input Query 

?- max_list([-10, -20, -3, -7], M). 

Output 

M = -3. 

 

Sample Test Case 5 



45 | P a g e  
 

Input Query 

?- max_list([100, 25, 88, 99, 1], M). 

Output 

M = 100. 

 

4.4 Reverse a List  

A system needs to reverse sequences using recursion. We want to determine: 

Reverse order of elements 

How recursion builds the output list 

 

Rules 

reverse_list([], []).   

reverse_list([H|T], R) :- 

    reverse_list(T, RevT), 

    append(RevT, [H], R). 

 

Queries 

Q1. Reverse the list [1,2,3]. 

?- reverse_list([1,2,3], R). 

Output: 

R = [3,2,1]. 

 

Sample Test Case 1 

Input Query 

?- reverse_list([1, 2, 3], R). 

Output 

R = [3, 2, 1]. 

 

Sample Test Case 2 

Input Query 

?- reverse_list([], R). 

Output 

R = []. 

 

Sample Test Case 3 

Input Query 

?- reverse_list([a, b, c, d], R). 
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Output 

R = [d, c, b, a]. 

 

Sample Test Case 4 

Input Query 

?- reverse_list([10], R). 

Output 

R = [10]. 

 

 

Sample Test Case 5 

Input Query 

?- reverse_list([x, y, z, y, x], R). 

Output 

R = [x, y, z, y, x]. 

 

4.5 Factorial of a Number 

A mathematics module computes the factorial of a number using recursive rules. 

Factorial is defined as: 

0! = 1 

N! = N × (N−1)! for N > 0 

We want to determine: 

The factorial of a given number N 

How recursion repeatedly decrements the value until the base case is reached 

 

Rules 

fact(0, 1).                                 

fact(N, F) :- 

    N > 0, 

    N1 is N - 1, 

    fact(N1, F1), 

    F is N * F1. 

Explanation: 

Base case: factorial of 0 is 1 

Recursive case: keep calling factorial of (N−1) until reaching the base case 
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Queries 

Q1. What is 5 factorial? 

?- fact(5, F). 

Output: 

F = 120. 

 

Sample Test Case 1 

Input Query 

?- fact(0, F). 

Output 

F = 1. 

 

Sample Test Case 2 

Input Query 

?- fact(3, F). 

Output 

F = 6. 

 

Sample Test Case 3 

Input Query 

?- fact(6, F). 

Output 

F = 720. 

 

Sample Test Case 4 

Input Query 

?- fact(1, F). 

Output 

F = 1. 

 

Sample Test Case 5 

Input Query 

?- fact(4, F). 

Output 

F = 24. 
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5.  Arithmetic Operations 

5.1 Check whether a number is Prime?  

A prime number is: 

• greater than 1 

• divisible only by 1 and itself 

Examples of valid prime access codes: 

2, 3, 5, 7, 11, 13, ... 

Determine whether a given integer number is prime or not. 

Example: 

?- is_prime(7). 

Yes 

The predicate should: 

• Accept a positive integer N 

• Return true if N is a prime number 

• Return false otherwise 

• Use recursion and arithmetic operations 

• Reject numbers less than 2 

% is_prime(N) 

% True if N is a prime number. 

% A prime number is greater than 1 and has no divisors 

% other than 1 and itself. 

is_prime(2) :- !. 

is_prime(N) :- 

    N > 2, 

    \+ has_divisor(N, 2). 

% has_divisor(N, D) 

% True if N has a divisor D, where 2 ≤ D ≤ sqrt(N) 

has_divisor(N, D) :- 

    D * D =< N, 

    (N mod D =:= 0 ; 

     D1 is D + 1, 

     has_divisor(N, D1)). 
 

Sample Test Case 1 

Input Query: Prime number 

?- is_prime(7). 

Output 
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true 
 

Sample Test Case 2 

Input Query: Not Prime  

?- is_prime(12). 

Output 

false 
 

Sample Test Case 3 

Input Query: Smallest Prime  

?- is_prime(2). 

Output 

true 
 

Sample Test Case 4 

Input Query: Edge Case  

?- is_prime(1). 

Output 

false 

 

Sample Test Case 5 

Input Query: Non-prime Odd Number 

?- is_prime(21). 

Output 

false 

 

5.2 Greatest Common Divisor (GCD) of Two Positive Integers 

You have been assigned the task of implementing the GCD function using Euclid’s algorithm, which works 

as follows: 

gcd(A, 0) = A 

gcd(A, B) = gcd(B, A mod B) for B > 0 

You must write a Prolog program with: 

1. A predicate version: 

gcd(A, B, G). 

2. A function version (using is/2): 

G is gcd(A, B). 

Both should return the same result. 
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% Predicate version: gcd(A, B, G) 

% Computes the gcd of A and B using Euclid's algorithm. 

gcd(A, 0, A) :- A > 0, !. 

gcd(A, B, G) :- 

    B > 0, 

    R is A mod B, 

    gcd(B, R, G). 

% Arithmetic function version: gcd(A, B) 

% Allows usage such as: G is gcd(36, 63). 

gcd(A, B) :- 

    gcd(A, B, G), 

    G. 

 

Sample Test Case 1 

Input Query 

?- gcd(36, 63, G). 

Output 

G = 9. 

Sample Test Case 2 

Input Query 

?- G is gcd(36, 63). 

Output 

G = 9. 

 

Sample Test Case 3 

Input Query 

?- gcd(48, 180, G). 

Output 

G = 12. 

 

Sample Test Case 4 

Input Query 

?- X is gcd(48, 180). 

Output 

G = 12. 

 

Sample Test Case 5 
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Input Query 

?- gcd(25, 25, G). 

Output 

G = 25. 

 

5.3 Prime Factors of a Positive Integer  

Write a program to determine all the prime factors of a given positive integer. The program should return 

the list of prime factors in ascending order, repeating factors as many times as needed. 

For example, the number 315 must be broken into its prime factors: 

315 → [3, 3, 5, 7] 

?- prime_factors(315, L). 

L = [3, 3, 5, 7] 

% Check if a number is prime 

is_prime(2). 

is_prime(N) :- 

    N > 2, 

    \+ has_factor(N, 2). 

has_factor(N, F) :- 

    N mod F =:= 0. 

has_factor(N, F) :- 

    F * F < N, 

    F1 is F + 1, 

    has_factor(N, F1). 

% Find the smallest prime factor of N starting from F 

smallest_factor(N, F, F) :- 

    N mod F =:= 0. 

smallest_factor(N, F, R) :- 

    F * F =< N, 

    F1 is F + 1, 

    smallest_factor(N, F1, R). 

% Main predicate: prime_factors(N, List) 

prime_factors(1, []). 

prime_factors(N, [F | Rest]) :- 

    N > 1, 

    smallest_factor(N, 2, F), 
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    N1 is N // F, 

    prime_factors(N1, Rest). 

 

Sample Test Case 1 

Input Query: Simple Prime Number 

?- prime_factors(7, L). 

Output 

L = [7]. 

 

Sample Test Case 2 

Input Query: Number with repeated prime factors 

?- prime_factors(72, L). 

Output 

L = [2, 2, 2, 3, 3]. 

 

Sample Test Case 3 

Input Query: Mixed small prime factors 

?- prime_factors(315, L). 

Output 

L = [3, 3, 5, 7]. 

 

 

Sample Test Case 4 

Input Query: Large Number 

?- prime_factors(1001, L). 

Output 

L = [7, 11, 13]. 

 

Sample Test Case 5 

Input Query: Single composite number with only one repeated factor 

?- prime_factors(121, L). 

Output 

L = [11, 11]. 

 

5.4 Generate List of Prime Numbers 
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A mathematics teacher wants to generate a list of prime numbers for a special workbook she is preparing 

for her students. She provides a lower limit and an upper limit and wants to know all the prime numbers in 

that range. 

Your task is to help her by writing a program that: 

• Checks whether a number is prime. 

• Generates all primes between two given limits. 

• Returns them in a list. 

Example: For range 10 to 30, the prime list should be: [11, 13, 17, 19, 23, 29] 

% Check if a number is prime 

is_prime(2). 

is_prime(N) :- 

    N > 2, 

    \+ has_factor(N, 2). 

% Check if N has a factor starting from F 

has_factor(N, F) :- 

    N mod F =:= 0. 

has_factor(N, F) :- 

    F * F < N, 

    F1 is F + 1, 

    has_factor(N, F1). 

% Generate all primes in a given range 

primes_in_range(L, U, List) :- 

    findall(P, (between(L, U, P), is_prime(P)), List). 

 

 

Sample Test Case 1 

Input Query 

?- primes_in_range(1, 10, L). 

Output 

L = [2, 3, 5, 7]. 

 

Sample Test Case 2 

Input Query 

?- primes_in_range(10, 30, L). 

Output 

L = [11, 13, 17, 19, 23, 29]. 
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Sample Test Case 3 

Input Query 

?- primes_in_range(50, 60, L). 

Output 

L = [53, 59]. 

 

Sample Test Case 4 

Input Query 

?- primes_in_range(20, 23, L). 

Output 

L = [23]. 

 

Sample Test Case 5 

Input Query 

?- primes_in_range(90, 100, L). 

Output 

L = [97]. 

 

5.5 Goldbach’s Conjecture 

Goldbach's conjecture says that every positive even number greater than 2 is the sum of two prime numbers. 

Example: 28 = 5 + 23. It is one of the most famous facts in number theory that has not been proved to be 

correct in the general case. It has been numerically confirmed up to very large numbers (much larger than 

we can go with our Prolog system). Write a predicate to find the two prime numbers that sum up to a given 

even integer. 

Example: 

?- goldbach(28, L). 

L = [5,23] 

Your task is to write a Prolog program that: 

• Checks if a number is prime 

• Finds two prime numbers that add up to a given even number (>2) 

• Returns the pair in a list: [Prime1, Prime2] 
 

% Check if a number is prime 

is_prime(2). 

is_prime(N) :- 

    N > 2, 

    \+ has_factor(N, 2). 

has_factor(N, F) :- 
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    N mod F =:= 0. 

has_factor(N, F) :- 

    F * F < N, 

    F1 is F + 1, 

    has_factor(N, F1). 

% Find two primes whose sum is N 

% goldbach(N, [P1, P2]) 

goldbach(N, [P1, P2]) :- 

    N > 2, 

    0 is N mod 2,     % N must be even 

    prime_pair(N, P1, P2). 

prime_pair(N, P1, P2) :- 

    between(2, N, P1), 

    is_prime(P1), 

    P2 is N - P1, 

    P2 >= 2, 

    is_prime(P2), 

    !.  % stop after first valid pair 

 

Sample Test Case 1 

Input Query 

?- goldbach(28, L). 

Output 

L = [5, 23]. 

 

Sample Test Case 2 

Input Query 

?- goldbach(10, L). 

Output 

L = [3, 7]. 

 

Sample Test Case 3 

Input Query 

?- goldbach(44, L). 

Output 

L = [3, 41]. 
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Sample Test Case 4 

Input Query 

?- goldbach(100, L). 

Output 

L = [3, 97]. 

 

Sample Test Case 5 

Input Query 

?- goldbach(4, L). 

Output 

L = [2, 2]. 

 

6.  Logic and Codes 

6.1 Logical Operators  

A logic professor wants to teach students how complex logical expressions behave. 

She creates a system where each logical operator (and, or, xor, nand, nor, implication, equivalence) is 

represented as a Prolog predicate that succeeds or fails based on truth values. 

Your task: 

1. Define logical operators (and/2, or/2, xor/2, nand/2, nor/2, impl/2, equ/2). 

2. Write a predicate table (A, B, Expression) that prints the truth table of any expression involving two 

variables A and B. 

3. Use true and fail as the truth values. 

Example expression: 

and(or(A,B), nand(A,B)) 

Example query: 

?- table(A,B,and(A,or(A,B))). 

% Logical Operators 

% AND: true only when both succeed 

and(A, B) :- A, B. 

% OR: true if at least one succeeds 

or(A, _) :- A. 

or(_, B) :- B. 

% NAND: negation of AND 

nand(A, B) :- \+ (A, B). 

% NOR: negation of OR 

nor(A, B) :- \+ (A ; B). 
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% XOR: true when exactly one is true 

xor(A, B) :- A, \+ B. 

xor(A, B) :- \+ A, B. 

% IMPLICATION: A -> B  is true unless A is true and B is false 

impl(A, B) :- \+ A ; B. 

% EQUIVALENCE: true when A and B have the same truth value 

equ(A, B) :-  (A, B) ; (\+ A, \+ B). 

% Truth Table Generator 

table(A, B, Expr) :- 

    bind(A), 

    bind(B), 

    print_row(A, B, Expr), 

    fail. 

table(_, _, _). 

% bind true and fail 

bind(true). 

bind(fail). 

% Print each row 

print_row(A, B, Expr) :- 

    (call(Expr) -> R = true ; R = fail), 

    write(A), write('   '), 

    write(B), write('   '), 

    write(R), nl. 

 

Sample Test Case 1 

Input Query: Simple AND Expression 

?- table(A, B, and(A, B)). 

Output 

true true true 

true fail fail 

fail true fail 

fail fail fail 

 

Sample Test Case 2 

Input Query: OR with XOR Combination 

?- table(A, B, or(A, xor(A, B))). 
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Output 

true true true 

true fail true 

fail true true 

fail fail fail 

 

Sample Test Case 3 

Input Query: Implication 

?- table(A, B, impl(A, B)). 

Output 

true true true 

true fail fail 

fail true true 

fail fail true 

 

Sample Test Case 4 

Input Query: Equivalence 

?- table(A, B, equ(A, B)). 

Output 

true true true 

true fail fail 

fail true fail 

fail fail true 

 

Sample Test Case 5 

Input Query: Complex Nested Logical Expression 

?- table(A, B, and(or(A, B), nand(A, B))). 

Output 

true true fail 

true fail true 

fail true true 

fail fail fail 

 

6.2 Gray Code 

Gray code follows a simple recursive rule: 

C(1) = ['0', '1'] 
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For n > 1: 

Let C(n–1) be the Gray code for n−1 bits. 

Construct C(n) as: 

First half: Prefix '0' to each code in C(n–1) 

Second half: Prefix '1' to each code in the reverse of C(n–1) 

Example: 

For n = 2: 

C(1) = ['0', '1'] 

Prefix 0 → ['00', '01'] 

Prefix 1 to reverse(['0','1']) = ['1','0'] → ['11','10'] 

C(2) = ['00','01','11','10'] 

For n = 3: 

C(2) = ['00','01','11','10'] 

Prefix 0 → ['000','001','011','010'] 

Prefix 1 to reverse → ['110','111','101','100'] 

C(3) = ['000','001','011','010','110','111','101','100'] 

% Base Case 

gray(1, ['0', '1']). 

% Recursive Case 

gray(N, Code) :- 

    N > 1, 

    N1 is N - 1, 

    gray(N1, Prev), 

    prefix('0', Prev, L1), 

    reverse(Prev, RevPrev), 

    prefix('1', RevPrev, L2), 

    append(L1, L2, Code). 

% Prefix a bit to every string in the list 

prefix(_, [], []). 

prefix(Bit, [H|T], [NewH|R]) :- 

    atom_concat(Bit, H, NewH), 

    prefix(Bit, T, R). 

 

 

Example Queries 
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?- gray(1, C). 

C = ['0', '1']. 

?- gray(2, C). 

C = ['00','01','11','10']. 

?- gray(3, C). 

C = ['000','001','011','010','110','111','101','100']. 

 

Sample Test Case 1 

Input Query: Base case (N = 1) 

?- gray(1, C). 

Output 

C = ['0', '1']. 

 

Sample Test Case 2 

Input Query: N = 2 

?- gray(2, C). 

Output 

C = ['00','01','11','10']. 
 

Sample Test Case 3 

Input Query: N = 3 

?- gray(3, C). 

Output 

C = ['000','001','011','010','110','111','101','100']. 
 

Sample Test Case 4 

Input Query: Repeated Call 

?- gray(4, C1), gray(4, C2). 

Output 

C1 = ['0000','0001','0011','0010','0110','0111','0101','0100', 

      '1100','1101','1111','1110','1010','1011','1001','1000'], 

C2 = ['0000','0001','0011','0010','0110','0111','0101','0100', 

      '1100','1101','1111','1110','1010','1011','1001','1000']. 

 

Sample Test Case 5 

Input Query: N = 5 

?- gray(5, C), length(C, L). 

Output 
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L = 32. 

6.3 Huffman Code 

You are given a list of symbols with frequencies: 

[fr(a,45), fr(b,13), fr(c,12), fr(d,16), fr(e,9), fr(f,5)] 

Your task is to construct a Huffman code table such as: 

[hc(a,'0'), 

 hc(b,'101'), 

 hc(c,'100'), 

 hc(d,'111'), 

 hc(e,'1101'), 

 hc(f,'1100')] 

Huffman coding rules: 

• Build a forest of trees (each symbol = leaf). 

• Repeatedly combine two smallest-frequency trees. 

• Assign: 

o '0' to left subtree 

o '1' to right subtree 

• Traverse the final tree to extract codewords. 

Step 1 — Convert frequency list into initial trees 

make_leaf(fr(S,F), leaf(F,S)). 

Step 2 — Insert into a priority-sorted list 

insert_tree(T, [], [T]). 

insert_tree(leaf(F1,_), [leaf(F2,S2)|Rest], [leaf(F1,_)|[leaf(F2,S2)|Rest]]) :- 

    F1 =< F2, !. 

insert_tree(T, [T2|Rest], [T2|R2]) :- 

    insert_tree(T, Rest, R2). 

Step 3 — Combine smallest two trees 

combine_trees([leaf(F1,S1), leaf(F2,S2)|Rest], [node(F,S1,S2)|Rest2]) :- 

    F is F1 + F2, 

    insert_tree(node(F,S1,S2), Rest, Rest2). 

Step 4 — Build Huffman tree 

build_tree([T], T) :- !. 

build_tree(Trees, FinalTree) :- 

    combine_trees(Trees, NewTrees), 

    build_tree(NewTrees, FinalTree). 

Step 5 — Traverse Huffman tree to create codes 

codes(leaf(_,S), Code, [hc(S,Code)]). 
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codes(node(_,Left,Right), Prefix, Codes) :- 

    atom_concat(Prefix, '0', P0), 

    atom_concat(Prefix, '1', P1), 

    codes(Left, P0, CodesL), 

    codes(Right, P1, CodesR), 

    append(CodesL, CodesR, Codes). 

Final Predicate: huffman/2 

huffman(Fs, Hs) :- 

    maplist(make_leaf, Fs, Leaves), 

    sort(Leaves, SortedLeaves),     % priority order 

    build_tree(SortedLeaves, Tree), 

    codes(Tree, '', Hs). 
 

Sample Test Case 1 

Input Query 

?- huffman([fr(a,45),fr(b,13),fr(c,12),fr(d,16),fr(e,9),fr(f,5)], H). 

Output 

H = [hc(a,'0'), hc(d,'111'), hc(b,'101'), hc(c,'100'), hc(e,'1101'), hc(f,'1100')]. 
 

Sample Test Case 2 

Input Query: Two Symbols only 

?- huffman([fr(x,10), fr(y,5)], H). 

Output 

H = [hc(x,'0'), hc(y,'1')]. 
 

Sample Test Case 3 

Input Query: Equal Frequencies 

?- huffman([fr(a,1), fr(b,1), fr(c,1), fr(d,1)], H). 

Output 

H = [hc(a,'00'), hc(b,'01'), hc(c,'10'), hc(d,'11')]  % order may vary 
 

Sample Test Case 4 

Input Query: Single Symbol 

?- huffman([fr(k,100)], H). 

Output 

H = [hc(k,'')].   % Empty code for a single symbol 
 

Sample Test Case 5 
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Input Query: Larger Frequencies 

?- huffman([fr(x,30), fr(y,25), fr(z,20), fr(w,15), fr(v,10)], H). 

Output 

H = [hc(x,'0'), hc(y,'10'), hc(z,'110'), hc(w,'1110'), hc(v,'1111')]    

6.4 Course Eligibility System 

A college offers several courses. Students can enroll only if they meet the following rules: 

1. To take Advanced AI, a student must 

• Have completed Machine Learning 

• AND must have a score greater than or equal to 75 

2. A student is allowed to register for Machine Learning if 

• They have completed Data Structures 

• OR they have completed Python Programming 

3. A student is NOT eligible for any course if they have 

• been blacklisted 

4. If a student does not meet the minimum eligibility requirements for a course, Prolog should report them 

as not eligible. 

Use logical operators such as: 

• , (AND) 

• ; (OR) 

• \+ (NOT) 

• Comparisons (>=) 

Prolog Requirements 

Write a Prolog knowledge base that: 

• Stores students and their completed subjects 

• Stores student scores 

• Stores blacklisted students 

• Determines eligibility for Machine Learning and Advanced AI using appropriate logical operators 
 

Facts 

completed(ram, data_structures). 

completed(ram, machine_learning). 

completed(sita, python). 

completed(sita, data_structures). 

score(ram, 82). 

score(sita, 70). 

blacklisted(rahul). 

 

Rules 

eligible_ml(X) :-  

    completed(X, data_structures); 
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    completed(X, python). 

 

Uses AND + comparison + NOT: 

eligible_ai(X) :- 

    completed(X, machine_learning), 

    score(X, S), 

    S >= 75. 

Not eligible if blacklisted 

not_eligible(X) :- blacklisted(X). 

Final decision rule 

can_register(X, Course) :- 

    \+ blacklisted(X), 

    ( (Course = machine_learning, eligible_ml(X)) 

    ; (Course = advanced_ai, eligible_ai(X)) ). 

 

Sample Test Case 1 

Input Query 

?- can_register(ram, machine_learning). 

Output 

true. 

 

Sample Test Case 2 

Input Query 

?- can_register(sita, machine_learning). 

Output 

true. 

 

Sample Test Case 3 

Input Query 

?- can_register(ram, advanced_ai). 

Output 

true. 

 

Sample Test Case 4 

Input Query 

?- can_register(sita, advanced_ai). 

Output 
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false. 

 

Sample Test Case 5 

Input Query 

?- can_register(rahul, advanced_ai). 

Output 

false. 

6.5 Library Book Borrowing System 

A college library allows students to borrow books based on the following rules: 

1. A student can borrow a book only if 

• They do not have pending fines 

• AND they have a valid library card 

2. If a student is a research scholar, they can borrow any book, even if the book is reference-only. 

3. A book can be borrowed by regular students only if 

• It is not a reference book 

4. A student who has more than 3 books already borrowed is not allowed to borrow more. 

Use logical operators such as: 

• , (AND) 

• ; (OR) 

• \+ (NOT) 

• Comparison operators (>, <, >=) 
  

Facts 

% student facts: student(Name, Type). 

student(ram, regular). 

student(sita, research). 

student(rahul, regular). 

% library card status 

has_card(ram). 

has_card(sita). 

% rahul has no card 

% pending fines 

fine(ram, 0). 

fine(sita, 0). 

fine(rahul, 50). 

% number of books already borrowed 

borrowed_count(ram, 2). 

borrowed_count(sita, 4). 
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borrowed_count(rahul, 1). 

% book facts 

book(dbms, normal). 

book(ai_reference, reference). 

 

Rules 

1. Student must have a valid card and no fine 

eligible_basic(X) :- 

    has_card(X), 

    fine(X, F), 

    F =:= 0. 

2. Research scholar rule (can borrow any book) 

research_privilege(X) :- 

    student(X, research). 

3. Book must be borrowable by regular students 

book_allowed(Book) :- 

    book(Book, normal). 

4. Borrowing limit (max 3 books) 

within_limit(X) :- 

    borrowed_count(X, C), 

    C =< 3. 

5. Final borrowing rule 

can_borrow(X, Book) :- 

    \+ fine(X, F),      % No fine condition (NOT) 

    eligible_basic(X), 

    within_limit(X), 

    ( research_privilege(X) 

    ; book_allowed(Book) ). 

 

Sample Test Case 1 

Input Query 

?- can_borrow(ram, dbms). 

Output 

true. 

 

Sample Test Case 2 
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Input Query 

?- can_borrow(ram, ai_reference). 

Output 

false. 

 

Sample Test Case 3 

Input Query 

?- can_borrow(sita, ai_reference). 

Output 

true. 

Sample Test Case 4 

Input Query 

?- can_borrow(sita, dbms). 

Output 

false. 

 

Sample Test Case 5 

Input Query 

?- can_borrow(rahul, dbms). 

Output 

false. 

 

7.  Resolution Refutation 

7.1 Weather Forecasting  

Resolution is one kind of proof technique that works this way – 

(i) select two clauses that contain conflicting terms  

(ii) combine those two clauses and   

(iii) cancel out the conflicting terms. 

Consider the following knowledge base: 

• If it is a sunny and warm day, you will enjoy. 

• If it is a warm and pleasant day, you will do strawberry picking. 

• If it is raining, then you will not do strawberry picking. 

• If it is raining, you will get wet. 

• It is a warm day. 

• It is raining. 

• It is sunny. 

Convert the above statements into propositional logic 



68 | P a g e  
 

Use the following propositions: 

• sunny 

• warm 

• pleasant 

• raining 

• enjoy 

• strawberry_picking 

• wet 

Propositional Statements 

• enjoy ← sunny ∧ warm 

• strawberry_picking ← warm ∧ pleasant 

• ~strawberry_picking ← raining 

• wet ← raining 

• warm 

• raining 

• sunny  

Conjunctive Normal Form (CNF) 

• (enjoy ∨~sunny∨~warm)  ∧ 

• (strawberry_picking ∨~warm∨~pleasant)  ∧ 

• (~strawberry_picking ∨~raining)  ∧ 

• (wet ∨~raining)  ∧ 

• (warm)  ∧ 

• (raining)  ∧ 

• (sunny)   
 

Facts 

warm. 

raining. 

sunny. 

% Optional fact: 

pleasant. 

 

Rules 

% 1. If it is sunny and warm, you will enjoy. 

enjoy :- sunny, warm. 

% 2. If it is warm and pleasant, you will do strawberry picking. 

strawberry_picking :- warm, pleasant. 

% 3. If it is raining, you will not do strawberry picking. 

not_strawberry_picking :- raining. 

% 4. If it is raining, you will get wet. 

wet :- raining. 
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Derived Rules (optional helpers) 

% If strawberry picking is not possible due to rain, 

% then we assume you are not doing strawberry picking. 

not_doing_strawberry_picking :- 

    not_strawberry_picking. 

 

Sample Test Case 1 

Input Query 

?- enjoy. 

Output 

true. 

 

 

Sample Test Case 2 

Input Query 

?- wet. 

Output 

true. 

 

Sample Test Case 3 

Input Query 

?- strawberry_picking. 

Output 

No. 

 

Sample Test Case 4 

Input Query 

?- not_strawberry_picking. 

Output 

true. 

 

Sample Test Case 5 

Input Query 

?- enjoy, wet, not_strawberry_picking. 

Output 

true. 
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7.2 Emergency Response  

Consider the following knowledge base: 

• If there is smoke and heat, the alarm will sound. 

• If there is smoke, the sprinkler will turn on. 

• If the alarm sounds, people will evacuate. 

• If the sprinkler turns on, there will be water_damage. 

• If the alarm sounds and the sprinkler is not on, the fire_engine will be called. 

• There is smoke. 

• There is heat. 

Propositional Symbols 

Use these atomic propositions: 

• smoke 

• heat 

• sprinkler 

• alarm 

• evacuate 

• water_damage 

• fire_engine 

Propositional Statements (Implications) 

Translate into propositional rules (shape Head ← Body): 

• alarm ← smoke ∧ heat 

• sprinkler ← smoke 

• evacuate ← alarm 

• water_damage ← sprinkler 

• fire_engine ← alarm ∧ ¬sprinkler 

• smoke 

• heat 

CNF (Clause Form) 

Convert each implication H ← A ∧ B to clause H ∨ ¬A ∨ ¬B (and H ← A to H ∨ ¬A). 

• (alarm ∨ ¬smoke ∨ ¬heat) 

• (sprinkler ∨ ¬smoke) 

• (evacuate ∨ ¬alarm) 

• (water_damage ∨ ¬sprinkler) 

• (fire_engine ∨ ¬alarm ∨ sprinkler) % note: fire_engine ← alarm ∧ ¬sprinkler ≡ fire_engine ∨ ¬alarm 

∨ sprinkler 

• (smoke) 

• (heat) 
 

Facts 

% Facts 

smoke. 

heat. 
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Rules 

% 1. If smoke and heat, alarm sounds. 

alarm :- smoke, heat. 

% 2. If smoke, sprinkler turns on. 

sprinkler :- smoke. 

% 3. If alarm sounds, people evacuate. 

evacuate :- alarm. 

% 4. If sprinkler turns on, there is water damage. 

water_damage :- sprinkler. 

% 5. If alarm sounds and sprinkler is NOT on, fire engine is called. 

%    We model "sprinkler is NOT on" as absence of 'sprinkler' fact. 

%    To express the rule with negation-as-failure: 

fire_engine :- 

    alarm, 

    \+ sprinkler. 

% Optional helper: explicit "not_fire_engine" when sprinkler runs 

not_fire_engine :- 

    sprinkler. 

 

Sample Test Case 1 

Input Query 

?- alarm. 

Output 

true. 

 

Sample Test Case 2 

Input Query 

?- sprinkler. 

Output 

true. 

 

Sample Test Case 3 

Input Query 

?- evacuate. 

Output 

true. 

 



72 | P a g e  
 

Sample Test Case 4 

Input Query 

?- water_damage. 

Output 

true. 

 

Sample Test Case 5 

Input Query 

?- fire_engine. 

Output 

false. 

 

Sample Test Case 6 

Input Query 

?- alarm, sprinkler, evacuate, water_damage, \+ fire_engine. 

Output 

true. 

 

7.3 Library Access Control  

Consider the following knowledge base: 

• If a person is a registered student and has an ID card, they can enter the library. 

• If a person does not return borrowed books, they cannot borrow new books. 

• If a person can enter the library and has no overdue books, they can borrow books. 

• If a person has overdue books, then their account is blocked. 

• Riya is a student. 

• Riya has an ID card. 

• Riya has overdue books. 

Propositional Symbols 

• student 

• id_card 

• enter_library 

• borrow_books 

• overdue_books 

• no_overdue_books 

• account_blocked 

Propositional Statements 

Translate into implication form: 

• enter_library ← student ∧ id_card 

• ¬borrow_books ← overdue_books 

• borrow_books ← enter_library ∧ no_overdue_books 
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• account_blocked ← overdue_books 

• student 

• id_card 

• overdue_books 

CNF (Clause Form) 

Convert each implication into CNF: 

• enter_library ∨ ¬student ∨ ¬id_card 

• ¬borrow_books ∨ ¬overdue_books 

• borrow_books ∨ ¬enter_library ∨ ¬no_overdue_books 

• account_blocked ∨ ¬overdue_books 

• student 

• id_card 

• overdue_books 
 

Facts 

student(riya). 

id_card(riya). 

overdue_books(riya). 

 

Rules 

% 1. If student and has ID card, then can enter library 

enter_library(Person) :- 

    student(Person), 

    id_card(Person). 

% 2. If overdue books, cannot borrow 

cannot_borrow(Person) :- 

    overdue_books(Person). 

% 3. If can enter library and no overdue books, can borrow 

borrow_books(Person) :- 

    enter_library(Person), 

    \+ overdue_books(Person). 

% 4. If overdue books, account is blocked 

account_blocked(Person) :- 

    overdue_books(Person). 

 

Sample Test Case 1 

Input Query 

?- enter_library(riya). 

Output 
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true. 

 

Sample Test Case 2 

Input Query 

?- borrow_books(riya). 

Output 

false. 

 

Sample Test Case 3 

Input Query 

?- cannot_borrow(riya). 

Output 

true. 

 

Sample Test Case 4 

Input Query 

?- account_blocked(riya). 

Output 

true. 

 

 

 

Sample Test Case 5 

Input Query 

?- enter_library(riya), cannot_borrow(riya), account_blocked(riya). 

Output 

true. 

 

7.4 Smart Home Security  

Consider the following knowledge base: 

• If motion is detected and the door is open, the alarm will sound. 

• If the alarm sounds, the police will be called. 

• If a pet is present, the alarm will not sound. 

• If it is night and motion is detected, the door is open. 

• It is night. 

• Motion is detected. 

• A pet is present. 

Propositional Symbols 
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Use these atomic propositions: 

• motion — motion is detected 

• door_open — door is open 

• alarm — alarm sounds 

• police_called — police are called 

• pet_present — pet is present 

• night — it is night 

Propositional Statements (Implication form) 

• alarm ← motion ∧ door_open 

• police_called ← alarm 

• ¬alarm ← pet_present 

• door_open ← night ∧ motion 

• night 

• motion 

• pet_present 

CNF (Clause form) 

Convert implications H ← A ∧ B to H ∨ ¬A ∨ ¬B, and ¬alarm ← pet_present to ¬alarm ∨ ¬pet_present. 

• (alarm ∨ ¬motion ∨ ¬door_open) 

• (police_called ∨ ¬alarm) 

• (¬alarm ∨ ¬pet_present) 

• (door_open ∨ ¬night ∨ ¬motion) 

• (night) 

• (motion) 

• (pet_present) 
 

 

 

 

 

Facts 

% Facts 

night. 

motion. 

pet_present. 

 

Rules 

% 1. If motion is detected and door is open, alarm sounds. 

alarm :- 

    motion, 

    door_open. 

% 2. If alarm sounds, police are called. 

police_called :- 

    alarm. 
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% 3. If a pet is present, alarm will not sound. 

%    We represent this as a separate atom 'no_alarm_due_pet' (classical style). 

no_alarm_due_pet :- 

    pet_present. 

% 4. If it is night and motion is detected, the door is open. 

door_open :- 

    night, 

    motion. 

% Optional derived convenience predicate 

not_alarm :- 

    no_alarm_due_pet. 

% Procedural version that blocks alarm when pet is present: 

alarm :- 

    motion, 

    door_open, 

    \+ pet_present. 

 

Sample Test Case 1 

Input Query 

?- door_open. 

Output 

true. 

 

 

Sample Test Case 2 

Input Query 

?- alarm. 

Output 

true. 

 

Sample Test Case 3 

Input Query 

?- no_alarm_due_pet. 

Output 

true. 
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Sample Test Case 4 

Input Query 

?- police_called. 

Output 

true. 

Expected output 

• If alarm succeeded (naive alarm rule): true. 

• If alarm uses \+ pet_present and thus fails: false. 
 

Sample Test Case 5 

Input Query 

?- door_open, \+ alarm. 

Output 

true. 

 

7.5 Medical Diagnosis 

Consider the following knowledge base: 

• If a person has fever and body pain, they have flu. 

• If a person has flu, they should take rest. 

• If a person has headache, they have body pain. 

• If a person has dehydration, they will not recover quickly. 

• If a person has flu and dehydration, their condition becomes serious. 

• Alice has fever. 

• Alice has headache. 

• Alice has dehydration. 

Propositional Symbols 

• fever 

• body_pain 

• flu 

• rest 

• headache 

• dehydration 

• serious_condition 

• slow_recovery 

Propositional Statements 

• flu ← fever ∧ body_pain 

• rest ← flu 

• body_pain ← headache 

• slow_recovery ← dehydration 

• serious_condition ← flu ∧ dehydration 

• fever 

• headache 
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• dehydration 

CNF (Clause Form) 

Transform implications: 

• (flu ∨ ¬fever ∨ ¬body_pain) 

• (rest ∨ ¬flu) 

• (body_pain ∨ ¬headache) 

• (slow_recovery ∨ ¬dehydration) 

• (serious_condition ∨ ¬flu ∨ ¬dehydration) 

• (fever) 

• (headache) 

• (dehydration) 
 

Facts 

% Facts 

fever(alice). 

headache(alice). 

dehydration(alice). 

 

Rules 

% 1. Flu if fever and body pain 

flu(Person) :- 

    fever(Person), 

    body_pain(Person). 

% 2. Should take rest if having flu 

rest(Person) :- 

    flu(Person). 

% 3. Body pain if headache 

body_pain(Person) :- 

    headache(Person). 

% 4. Slow recovery if dehydrated 

slow_recovery(Person) :- 

    dehydration(Person). 

% 5. Serious condition if flu and dehydration 

serious_condition(Person) :- 

    flu(Person), 

    dehydration(Person). 

 

Sample Test Case 1 

Input Query 
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?- body_pain(alice). 

Output 

true. 

 

Sample Test Case 2 

Input Query 

?- flu(alice). 

Output 

true. 

 

Sample Test Case 3 

Input Query 

?- rest(alice). 

Output 

true. 

 

Sample Test Case 4 

Input Query 

?- serious_condition(alice). 

Output 

true. 

 

Sample Test Case 5 

Input Query 

?- flu(alice), serious_condition(alice), slow_recovery(alice). 

Output 

true. 

 

 

8.  Conjunction  

8.1 Family Relationship Finder  

Write a program to determine family relationships such as female children, grandchildren, and parents with 

female children using conjunction (Goal1, Goal2) and backtracking to compute all valid solutions. 

 

Facts 

parent(john, mary). 
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parent(john, sam). 

parent(mary, tina). 

parent(mary, rita). 

male(john). 

male(sam). 

female(mary). 

female(tina). 

female(rita). 

 

Rules 

Rule 1: 

female_child(Parent, Child) :- 

    parent(Parent, Child), 

    female(Child). 

Rule 2: 

grandchild(Grandparent, Grandchild) :- 

    parent(Grandparent, X), 

    parent(X, Grandchild). 

Rule 3: 

parent_with_female_child(Parent) :- 

    parent(Parent, C), 

    female(C). 

 

Sample Test Case 1 

Input Query 

?- female_child(mary, X). 

Output 

X = tina ; 

X = rita. 

 

 

Sample Test Case 2 

Input Query 

grandchild(john, X). 

Output 

X = tina ; 
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X = rita ; 

false. 

 

Sample Test Case 3 

Input Query 

?- parent_with_female_child(P). 

Output 

P = john ; 

P = mary ; 

P = mary. 

 

Sample Test Case 4 

Input Query 

?- female_child(john, C). 

Output 

C = mary ; 

false. 

 

Sample Test Case 5 

Input Query 

?- grandchild(mary, G). 

Output 

false. 

 

8.2 Food Preference Matcher 

Create a Prolog system that matches people with dishes based on cuisine. Conjunction and backtracking 

should be used to find all dishes a person likes, cuisines with multiple dishes, and dish–person pairs. 

 

Facts 

item(pizza, italian). 

item(pasta, italian). 

item(burger, fastfood). 

item(noodles, chinese). 

item(fried_rice, chinese). 

likes(john, italian). 

likes(john, fastfood). 

likes(mira, chinese). 
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likes(mira, italian). 

 

Rules 

Rule 1 

dishes_liked_by(Person, Dish) :- 

    likes(Person, Cuisine), 

    item(Dish, Cuisine). 

Rule 2 

cuisine_with_multiple_dishes(Cuisine) :- 

    item(D1, Cuisine), 

    item(D2, Cuisine), 

    D1 \= D2. 

Rule 3 

dish_person_pair(Dish, Person) :- 

    item(Dish, C), 

    likes(Person, C). 

 

Sample Test Case 1 

Input Query 

?- dishes_liked_by(john, D). 

Output 

D = pizza ; 

D = pasta ; 

D = burger ; 

false. 

 

Sample Test Case 2 

Input Query 

?- dishes_liked_by(mira, D). 

Output 

D = noodles ; 

D = fried_rice ; 

D = pizza ; 

D = pasta ; 

false. 

Sample Test Case 3 
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Input Query 

?- cuisine_with_multiple_dishes(C). 

Output 

C = italian ; 

C = italian ; 

C = chinese ; 

C = chinese ; 

false. 

 

Sample Test Case 4 

Input Query 

?- dish_person_pair(Dish, Person). 

Output 

Dish = pizza, Person = john ; 

Dish = pizza, Person = mira ; 

Dish = pasta, Person = john ; 

Dish = pasta, Person = mira ; 

Dish = burger, Person = john ; 

Dish = noodles, Person = mira ; 

Dish = fried_rice, Person = mira ; 

false. 

 

Sample Test Case 5 

Input Query 

?- item(D, C), likes(john, C). 

Output 

D = pizza, C = italian ; 

D = pasta, C = italian ; 

D = burger, C = fastfood ; 

false. 

 

8.3 Student Course Prerequisite Checker 

Determine which courses a student can take based on completed prerequisites. Demonstrate conjunction 

and backtracking to find eligible courses and prerequisite chains. 

 

Facts 
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course(ai). 

course(ml). 

course(dm). 

course(dbms). 

prereq(ai, ml). 

prereq(ml, dm). 

prereq(dbms, dm). 

completed(ram, dm). 

completed(ram, ml). 

completed(seeta, dm). 

 

Rules 

Rule 1 

can_take(Student, Course) :- 

    prereq(Course, Req), 

    completed(Student, Req). 

Rule 2 

prerequisite_chain(A, C) :- 

    prereq(A, B), 

    prereq(B, C). 

 

Sample Test Case 1 

Input Query 

?- can_take(ram, C). 

Output 

C = ai ; 

C = dbms ; 

false. 

 

Sample Test Case 2 

Input Query 

?- can_take(seeta, C). 

Output 

C = ml ; 

C = dbms ; 

false. 
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Sample Test Case 3 

Input Query 

?- prerequisite_chain(X, Y). 

Output 

X = ai, Y = dm ; 

false. 

 

Sample Test Case 4 

Input Query 

?- prereq(ai, X), completed(ram, X). 

Output 

X = ml ; 

false. 

 

Sample Test Case 5 

Input Query 

?- can_take(ram, ai). 

Output 

true. 

 

8.4 Path Finder in Graph 

Design a Prolog knowledge base to represent a directed graph. Each connection between two nodes is 

represented using facts of the form: 

edge(Node1, Node2). 

You must write rules that explore the graph using: 

Conjunction (Goal1, Goal2) 

Backtracking to generate all possible paths 

Your task is to implement a rule path2/2 that determines whether a path of length exactly two edges exists 

between two nodes: A → B → C 

This requires: 

• Following the first edge using edge(A, B) 

• Following the second edge using edge(B, C) 

• Using backtracking to find all possible intermediate nodes B 

The system should also allow queries to explore all two-step paths starting at a given node or ending at a 

given node. 

 

Facts 

edge(a, b). 



86 | P a g e  
 

edge(a, c). 

edge(b, d). 

edge(c, d). 

edge(c, e). 

     a 

   /   \ 

  b     c 

  |    / \ 

  d   d   e 

 

Rules 

% Path of length 2: A -> B -> C 

path2(A, C) :- 

    edge(A, B), 

    edge(B, C). 

Explanation: 

• edge(A, B) finds all nodes reachable from A 

• For each B, edge(B, C) finds all nodes reachable from B 

• Conjunction ensures both must be true 

• Backtracking explores all possible B values 
 

Sample Test Case 1 

Input Query 

?- path2(a, X). 

Explanation 

Possible two-step paths from a: 

a → b → d → X = d 

a → c → d → X = d 

a → c → e → X = e 

Output 

X = d ; 

X = d ; 

X = e ; 

false. 

 

Sample Test Case 2 

Input Query 
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?- edge(a, X), edge(X, Y). 

Output 

X = b, Y = d ; 

X = c, Y = d ; 

X = c, Y = e ; 

false. 

Sample Test Case 3 

Input Query 

?- path2(c, X). 

Explanation 

From c: 

• c → d (but d has no outgoing edges) 

• c → e (but e has no outgoing edges) 

So no two-step paths. 

Output 

false. 

 

Sample Test Case 4 

Input Query 

?- path2(X, d). 

Explanation 

Nodes that reach d in two steps: 

• a → b → d → X = a 

• a → c → d → X = a 

• c → (d)… No path from d 

• b → (d)… No further path 

Output 

X = a ; 

X = a ; 

false. 

 

Sample Test Case 5 

Input Query 

?- edge(b, X), edge(X, Y). 

Explanation 

• b → d 

• d has no outgoing edges → no two-step path 

Output 
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false. 

 

8.5 Hobby Matching System 

Design a Prolog knowledge base to represent people and their hobbies. Each hobby is stored using a simple 

fact: 

hobby(Person, Hobby). 

Your task is to build rules that use: 

Conjunction (Goal1, Goal2, …) 

Backtracking to generate all possible answers 

You must create rules to determine: 

• People who share the same hobby 

• Hobbies that are common among multiple people 

• Hobbies that are unique to a specific person (not shared by others) 

• All hobby-sharing pairs (X, Y) 

• Pairs who share a specific hobby 

This problem demonstrates how Prolog automatically searches the knowledge base and produces multiple 

solutions using backtracking. 

 

Facts 

hobby(john, chess). 

hobby(john, cycling). 

hobby(mike, chess). 

hobby(mike, football). 

hobby(sarah, cycling). 

 

Meaning: 

John likes chess and cycling 

Mike likes chess and football 

Sarah likes cycling 

 

Rules  

% Rule 1: Find people who share the same hobby 

share_hobby(P1, P2, H) :- 

    hobby(P1, H), 

    hobby(P2, H), 

    P1 \= P2. 

% Rule 2: Find all hobbies enjoyed by more than one person 

common_hobby(H) :- 
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    hobby(P1, H), 

    hobby(P2, H), 

    P1 \= P2. 

% Rule 3: Hobbies unique to John (not shared with Sarah) 

unique_to_john(H) :- 

    hobby(john, H), 

    \+ hobby(sarah, H). 

 

 

Sample Test Case 1 

Input Query 

?- share_hobby(john, mike, H). 

Output 

H = chess ; 

false. 

 

Sample Test Case 2 

Input Query 

?- common_hobby(H). 

Output 

H = chess ; 

H = cycling ; 

false. 

 

Sample Test Case 3 

Input Query 

?- unique_to_john(H). 

Explanation 

John: chess, cycling 

Sarah: cycling 

Only chess is unique to John. 

Output 

H = chess ; 

false. 

 

Sample Test Case 4 
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Input Query 

?- hobby(X, H), hobby(Y, H), X \= Y. 

Output 

X = john, Y = mike, H = chess ; 

X = mike, Y = john, H = chess ; 

X = john, Y = sarah, H = cycling ; 

X = sarah, Y = john, H = cycling ; 

false. 

 

Sample Test Case 5 

Input Query 

?- share_hobby(P1, P2, chess). 

Output 

P1 = john, P2 = mike ; 

P1 = mike, P2 = john ; 

false. 

 

9.  Cut Operator 

9.1 Student Grade Classification  

Create a Prolog system that classifies student marks into grade categories: 

• Marks ≥ 90 → excellent 

• Marks ≥ 75 → good 

• Marks ≥ 40 → average 

• Marks < 40 → fail 

Use the following operators: 

• Comparison operators 

• Cut operator to prevent unnecessary backtracking 

• Deterministic decision-making 
 

Facts 

marks(john, 92). 

marks(ravi, 78). 

marks(sita, 45). 

marks(kumar, 33). 

marks(meena, 88). 

 

Rules 
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% Rules using cut 

grade(Name, excellent) :- 

    marks(Name, M), 

    M >= 90, !. 

grade(Name, good) :- 

    marks(Name, M), 

    M >= 75, !. 

grade(Name, average) :- 

    marks(Name, M), 

    M >= 40, !. 

grade(Name, fail). 

 

 

 

Sample Test Case 1 

Input Query 

?- grade(john, G). 

Output 

G = excellent. 

 

Sample Test Case 2 

Input Query 

?- grade(ravi, G). 

Output 

G = good. 

 

Sample Test Case 3 

Input Query 

?- grade(sita, G). 

Output 

G = average. 

 

Sample Test Case 4 

Input Query 

?- grade(kumar, G). 

Output 
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G = fail. 

 

Sample Test Case 5 

Input Query 

?- grade(meena, G). 

Output 

G = good. 

 

9.2 Animal Classification  

You must build a Prolog knowledge base to classify animals based on their characteristics. 

The system should identify animals using: 

• Features like mammal, lays eggs, can fly 

• Conjunction of conditions 

• Backtracking to generate all animals of a category 
 

Facts 

mammal(cow). 

mammal(dog). 

mammal(bat). 

lays_eggs(platypus). 

lays_eggs(duck). 

can_fly(bat). 

can_fly(duck). 

 

Rules 

bird(A) :- 

    lays_eggs(A), 

    can_fly(A). 

oviparous(A) :- 

    lays_eggs(A). 

flying_mammal(A) :- 

    mammal(A), 

    can_fly(A). 

 

Sample Test Case 1 

Input Query 

?- bird(X). 
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Output 

X = duck ; 

false. 

 

Sample Test Case 2 

Input Query 

?- oviparous(X). 

Output 

X = platypus ; 

X = duck ; 

false. 

 

Sample Test Case 3 

Input Query 

?- flying_mammal(X). 

Output 

X = bat ; 

false. 

 

Sample Test Case 4 

Input Query 

?- can_fly(X). 

Output 

X = bat ; 

X = duck ; 

false. 

 

Sample Test Case 5 

Input Query 

?- mammal(X). 

Output 

X = cow ; 

X = dog ; 

X = bat ; 

false. 
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9.3 Book Recommendation System  

Develop a Prolog system that recommends books based on genre. 

The system must: 

• Store book → genre relationships 

• Allow queries for books of a genre 

• Use backtracking to return all possible books 
 

Facts 

book(harry_potter, fantasy). 

book(lotr, fantasy). 

book(hobbit, fantasy). 

book(sherlock, mystery). 

book(da_vinci_code, mystery). 

 

Rules 

recommend(Genre, Book) :- 

    book(Book, Genre). 

 

Sample Test Case 1 

Input Query 

?- recommend(fantasy, B). 

Output 

B = harry_potter ; 

B = lotr ; 

B = hobbit ; 

false. 

 

Sample Test Case 2 

Input Query 

?- recommend(mystery, B). 

Output 

B = sherlock ; 

B = da_vinci_code ; 

false. 

 

Sample Test Case 3 

Input Query 

?- book(X, fantasy). 
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Output 

X = harry_potter ; 

X = lotr ; 

X = hobbit ; 

false. 

 

Sample Test Case 4 

Input Query 

?- book(X, mystery). 

Output 

X = sherlock ; 

X = da_vinci_code ; 

false. 

 

Sample Test Case 5 

Input Query 

?- recommend(history, B). 

Output 

false. 

 

9.4 Clothing Recommendation System  

Create a Prolog system that recommends what a person should wear depending on the weather conditions. 

The system should use the cut operator to enforce decision-making such that: 

• If it is raining → wear raincoat 

• Else if it is cold → wear jacket 

• Else if it is hot → wear t-shirt 

• Otherwise → wear casuals 

Your rules must use cut (!) to prevent backtracking after a condition is satisfied. 

 

Facts 

weather(rainy). 

weather(cold). 

weather(hot). 

 

Rules 

recommend(rainy, raincoat) :- !. 

recommend(cold, jacket) :- !. 

recommend(hot, tshirt) :- !. 
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recommend(_, casuals). 

 

Sample Test Case 1 

Input Query 

?- recommend(rainy, R). 

Output 

R = raincoat. 
 

Sample Test Case 2 

Input Query 

?- recommend(cold, R). 

Output 

R = jacket. 
 

Sample Test Case 3 

Input Query 

?- recommend(hot, R). 

Output 

R = tshirt. 
 

Sample Test Case 4 

Input Query 

?- recommend(windy, R). 

Output 

R = casuals. 

Sample Test Case 5 

Input Query 

?- recommend(rainy, R); recommend(cold, R2). 

Output 

R = raincoat ; 

R2 = jacket. 

 

9.5 Loan Approval System 

Develop a Prolog knowledge base to decide whether a person is eligible for a bank loan. 

The decision is based on: 

Income 

Existing loan history 
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Credit score 

The rules are: 

• If income ≥ 50,000 and credit score ≥ 700 → approved (cut here) 

• If income ≥ 30,000 and no previous loan default → approved (cut here) 

• Otherwise → rejected 

The cut operator must ensure that once a condition is satisfied, Prolog does not check other rules. 

 

Facts 

income(rahul, 55000). 

income(meera, 35000). 

income(kunal, 25000). 

credit_score(rahul, 720). 

credit_score(meera, 650). 

credit_score(kunal, 600). 

defaulted(meera).   % Meera has defaulted earlier 

 

Rules  

loan_status(Person, approved) :- 

    income(Person, I), I >= 50000, 

    credit_score(Person, C), C >= 700, 

    !. 

loan_status(Person, approved) :- 

    income(Person, I), I >= 30000, 

    \+ defaulted(Person), 

    !. 

loan_status(_, rejected). 

Sample Test Case 1 

Input Query 

?- loan_status(rahul, S). 

Output 

S = approved. 

 

Sample Test Case 2 

Input Query 

?- loan_status(meera, S). 

Output 

S = rejected. 
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Sample Test Case 3 

Input Query 

?- loan_status(kunal, S). 

Output 

S = rejected. 

 

Sample Test Case 4 

Input Query 

?- loan_status(X, approved). 

Output 

X = rahul ; 

false. 

 

Sample Test Case 5 

Input Query 

?- income(rahul, _), loan_status(rahul, S). 

Output 

S = approved. 

 

10.  State Space Search 

10.1 Monkey and Banana  

A monkey is in a room where a banana is hanging from the ceiling. The banana is too high for the 

monkey to reach directly. The room contains a box that the monkey can use to reach the banana. 

The monkey can perform the following actions: 

• Go from one location to another (e.g., door → window → middle of room). 

• Push the box from one location to another. 

• Climb onto the box when both monkey and box are at the same location. 

• Grasp (get) the banana if the monkey is on top of the box at the middle of the room. 

The goal is to determine whether the monkey can reach the banana and how (sequence of actions). 

Your task is to write a Prolog program using states, facts, and rules to represent the monkey’s world and 

determine if the monkey can successfully get the banana.  

 

Facts and State Representation 

We represent a state as: 

state(MonkeyPos, BoxPos, MonkeyStatus, BananaStatus) 

Where: 

MonkeyPos ∈ {door, window, middle} 
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BoxPos ∈ {door, window, middle} 

MonkeyStatus ∈ {onfloor, onbox} 

BananaStatus ∈ {hanging, obtained} 

Rules (Actions) 

Monkey walks to another place. 

Monkey pushes the box to another place. 

Monkey climbs onto the box. 

Monkey grabs the banana (only when on the box at middle). 

Goal is reached when bananaStatus = obtained. 

Prolog Code 

% Monkey and Banana Problem in Prolog 

% State represented as: state(MonkeyPos, BoxPos, MonkeyStatus, BananaStatus) 

% Goal state 

goal_state(state(_, _, _, obtained)). 

% Action: Monkey walks 

move(state(_, Box, onfloor, BStatus), 

     walk(NewPos), 

     state(NewPos, Box, onfloor, BStatus)). 

% Action: Monkey pushes the box 

move(state(Pos, Pos, onfloor, BStatus), 

     push(Pos, NewPos), 

     state(NewPos, NewPos, onfloor, BStatus)). 

% Action: Monkey climbs on the box 

move(state(Pos, Pos, onfloor, BStatus), 

     climb, 

     state(Pos, Pos, onbox, BStatus)). 

% Action: Monkey grabs banana 

move(state(middle, middle, onbox, hanging), 

     grasp, 

     state(middle, middle, onbox, obtained)). 

% Path search 

solve(State, []) :- goal_state(State), !. 

solve(State, [Action | Rest]) :- 

    move(State, Action, NewState), 

    solve(NewState, Rest). 
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Sample Test Case 1 

Input Query: Monkey at Door, Box at Window 

state(door, window, onfloor, hanging) 

?- solve(state(door, window, onfloor, hanging), Actions). 

Output 

Actions = [ 

    walk(window), 

    push(window, middle), 

    climb, 

    grasp 

]. 

 

Sample Test Case 2 

Input Query: Box Already in Middle, Monkey at Door 

state(door, middle, onfloor, hanging) 

?- solve(state(door, middle, onfloor, hanging), Actions). 

Output 

Actions = [ 

    walk(middle), 

    climb, 

    grasp 

]. 

 

Sample Test Case 3 

Input Query: Monkey and Box Both at Window 

state(window, window, onfloor, hanging) 

?- solve(state(window, window, onfloor, hanging), Actions). 

Output 

Actions = [ 

    push(window, middle), 

    climb, 

    grasp]. 

 

Sample Test Case 4 

Input Query: Monkey Already on Box but Not in Middle 

state(window, window, onbox, hanging) 
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?- solve(state(window, window, onbox, hanging), Actions). 

Output 

Actions = []. 

 

Sample Test Case 5 

Input Query: Monkey Already at Middle but Box is Not 

state(middle, door, onfloor, hanging) 

?- solve(state(middle, door, onfloor, hanging), Actions). 

Output 

Actions = [ 

    walk(door), 

    push(door, middle), 

    climb, 

    grasp 

]. 

 

10.2 Robot Vacuum Cleaner Pathfinding  

A robot vacuum cleaner operates inside a grid-based room represented as a 2D matrix. 

The grid contains: 

• Empty cells → the robot can move 

• Obstacles → the robot cannot pass through 

• Dust patches → must be cleaned by visiting those cells 

The robot starts at a given coordinate and can move in four directions: 

• Up (U) 

• Down (D) 

• Left (L) 

• Right (R) 

Every move takes one step. 

The objective is to find a shortest path (using BFS) for the robot to clean all dust patches without crossing 

obstacles. 

 

State Representation 

A state is represented as: 

state(Rx, Ry, DustList) 

Where: 

Rx, Ry → robot’s current coordinates 
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DustList → list of uncleaned dust cells (each as (X,Y)) 

 

Facts 

1. Grid size 

grid_size(5, 5).      % 5x5 grid 

2. Obstacles 

obstacle(2, 2). 

obstacle(3, 1). 

3. Initial robot starting position 

start(1, 1). 

4. Dust positions 

dust([(1,3), (3,4), (4,2)]). 

 

Rules 

Valid cell check 

valid(X, Y) :- 

    grid_size(MaxX, MaxY), 

    X >= 1, X =< MaxX, 

    Y >= 1, Y =< MaxY, 

    \+ obstacle(X, Y). 

Remove dust when robot steps on it 

clean_dust(X, Y, DustList, NewDustList) :- 

    select((X, Y), DustList, NewDustList), !. 

clean_dust(_, _, DustList, DustList). 

Move operators 

move(state(X, Y, D), state(X2, Y, ND), right) :- 

    X2 is X + 1, valid(X2, Y), 

    clean_dust(X2, Y, D, ND). 

move(state(X, Y, D), state(X2, Y, ND), left) :- 

    X2 is X - 1, valid(X2, Y), 

    clean_dust(X2, Y, D, ND). 

move(state(X, Y, D), state(X, Y2, ND), up) :- 

    Y2 is Y - 1, valid(X, Y2), 

    clean_dust(X, Y2, D, ND). 

move(state(X, Y, D), state(X, Y2, ND), down) :- 

    Y2 is Y + 1, valid(X, Y2), 
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    clean_dust(X, Y2, D, ND). 

Goal Test 

goal(state(_, _, [])). 

 

BFS Search Implementation 

bfs([node(State, Path)|_], Path) :- 

    goal(State), !. 

bfs([node(State, Path)|Rest], Solution) :- 

    findall( 

        node(NextState, [Move|Path]), 

        (move(State, NextState, Move)), 

        Children 

    ), 

    append(Rest, Children, NewQueue), 

    bfs(NewQueue, Solution). 

Running the Search 

solve(Path) :- 

    start(X, Y), 

    dust(DustList), 

    InitialState = state(X, Y, DustList), 

    bfs([node(InitialState, [])], RevPath), 

    reverse(RevPath, Path). 

 

Sample Test Case 1 

Input Query 

?- solve(Path). 

Output 

Path = [right, right, up, left, left, down, down, right]. 

 

Sample Test Case 2 

Input Query: Modified dust 

?- retractall(dust(_)), assert(dust([(2,3)])), solve(P). 

Output 

P = [right, down, down, left]. 

 

Sample Test Case 3 
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Input Query: Single dust near robot 

?- retractall(dust(_)), assert(dust([(1,2)])), solve(P). 

Output 

P = [down]. 

 

Sample Test Case 4 

Input Query: Two dust patches in opposite directions 

?- retractall(dust(_)), assert(dust([(1,3), (3,1)])), solve(P). 

Output 

P = [down, down, right, right, up, up]. 

 

Sample Test Case 5 

Input Query: No dust 

?- retractall(dust(_)), assert(dust([])), solve(P). 

Output 

P = []. 

 

10.3 Farmer, Fox, Goose, and Grain Problem   

A farmer needs to transport his fox, goose, and grain across a river. He uses a small boat that can carry: 

• Only the farmer, or 

• The farmer and one item (fox OR goose OR grain) 

There are two riverbanks: left and right. 

Constraints (Safety Rules) 

• If the farmer is not present, 

o The fox will eat the goose. 

o The goose will eat the grain. 

• This applies to either bank. 

State Representation 

state(FarmerSide, FoxSide, GooseSide, GrainSide) 

Each variable ∈ {left, right} 

Initial State 

state(left, left, left, left) 

Goal State 

state(right, right, right, right) 
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Facts 

opposite(left, right). 

opposite(right, left). 

Safety check 

A state is unsafe if farmer is away AND: 

fox and goose are alone together 

goose and grain are alone together 

unsafe(state(F, F, G, _)) :- F \= G.      % fox and goose together 

unsafe(state(F, _, G, Gr)) :- F \= G, G = Gr. % goose and grain together 

safe(State) :- \+ unsafe(State). 

 

Move Rules (Actions) 

1. Farmer crosses alone 

move(state(F, Fx, G, Gr), farmer_alone, state(F2, Fx, G, Gr)) :- 

    opposite(F, F2), 

    safe(state(F2, Fx, G, Gr)). 

2. Farmer takes fox 

move(state(F, F, G, Gr), farmer_takes_fox, state(F2, F2, G, Gr)) :- 

    opposite(F, F2), 

    safe(state(F2, F2, G, Gr)). 

3. Farmer takes goose 

move(state(F, Fx, F, Gr), farmer_takes_goose, state(F2, Fx, F2, Gr)) :- 

    opposite(F, F2), 

    safe(state(F2, Fx, F2, Gr)). 

4. Farmer takes grain 

move(state(F, Fx, G, F), farmer_takes_grain, state(F2, Fx, G, F2)) :- 

    opposite(F, F2), 

    safe(state(F2, Fx, G, F2)). 

 

Search (DFS) 

To prevent loops, we track visited states. 

solve(State, Goal, _, []) :- State = Goal, !. 

solve(State, Goal, Visited, [Action | Rest]) :- 

    move(State, Action, NewState), 

    \+ member(NewState, Visited), 

    solve(NewState, Goal, [NewState | Visited], Rest). 
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Wrapper Predicate 

river_crossing(Steps) :- 

    Start = state(left, left, left, left), 

    Goal  = state(right, right, right, right), 

    solve(Start, Goal, [Start], Steps). 

 

Sample Test Case 1 

Input Query 

?- river_crossing(Steps). 

Output 

Steps = [ 

    farmer_takes_goose, 

    farmer_alone, 

    farmer_takes_fox, 

    farmer_takes_goose, 

    farmer_takes_grain, 

    farmer_alone, 

    farmer_takes_goose 

]. 
 

Sample Test Case 2 

Input Query: Solve With Custom Solver 

?- solve(state(left,left,left,left), state(right,right,right,right), [state(left,left,left,left)], Steps). 

Output 

Steps = [ 

    farmer_takes_goose, 

    farmer_alone, 

    farmer_takes_fox, 

    farmer_takes_goose, 

    farmer_takes_grain, 

    farmer_alone, 

    farmer_takes_goose 

]. 
 

Sample Test Case 3 
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Input Query: Check Safety Only 

?- safe(state(left, right, right, left)). 

Output 

false. 

Sample Test Case 4 

Input Query: Farmer Takes Goose 

?- move(state(left,left,left,left), farmer_takes_goose, S). 

Output 

S = state(right, left, right, left). 

 

Sample Test Case 5 

Input Query: Farmer Crosses Alone 

?- move(state(left,left,left,left), farmer_alone, S). 

Output 

false. 

 

10.4 Maze Escape with Keys  

An agent is inside a 2D maze made of cells. Some cells are: 

• Walls → cannot be entered 

• Key location → agent must pick the key 

• Door location → locked initially 

• Exit location → accessible only after unlocking the door 

The agent starts at a given starting position. 

The goal is to: 

• Move through the maze 

• Pick the key 

• Reach the door 

• Unlock the door 

• Move to the exit 

Movement Rules 

The agent can move: 

• up 

• down 

• left 

• right 

Only if the target cell is not a wall. 
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State Representation 

state(AgentPos, HasKey, DoorStatus) 

Where: 

AgentPos = (X, Y) 

HasKey ∈ {yes, no} 

DoorStatus ∈ {locked, unlocked} 

Goal State 

state(exit, yes, unlocked) 

Agent must reach the exit with an unlocked door. 

 

Facts — Maze Definition 

For simplicity, we define a 5×5 maze: 

S . # K . 

. . # . . 

# . # . # 

D . . . E 

. # . . . 

Legend: 

• S = start 

• K = key 

• D = locked door 

• E = exit 

• # = wall 

• . = free cell 

 

Maze Coordinates (X, Y) — X = column, Y = row 

% Walls 

wall(3,1). 

wall(3,2). 

wall(1,3). 

wall(3,3). 

wall(2,5). 

% Special locations 

start(1,1). 

key_at(4,1). 

door_at(1,4). 

exit_at(5,4). 
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Valid cell rule 

valid(X, Y) :- 

    X >= 1, X =< 5, 

    Y >= 1, Y =< 5, 

    \+ wall(X,Y). 

 

 

 

State Transition Rules 

1. Move in four directions 

move(state((X,Y), Key, Door), 

     move(up), 

     state((X, Y2), Key, Door)) :- 

    Y2 is Y - 1, 

    valid(X, Y2). 

move(state((X,Y), Key, Door), 

     move(down), 

     state((X, Y2), Key, Door)) :- 

    Y2 is Y + 1, 

    valid(X, Y2). 

move(state((X,Y), Key, Door), 

     move(left), 

     state((X2, Y), Key, Door)) :- 

    X2 is X - 1, 

    valid(X2, Y). 

move(state((X,Y), Key, Door), 

     move(right), 

     state((X2, Y), Key, Door)) :- 

    X2 is X + 1, 

    valid(X2, Y). 

2. Pick Key 

move(state((X,Y), no, Door), 

     pick_key, 

     state((X,Y), yes, Door)) :- 

    key_at(X,Y). 

3. Unlock Door 
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move(state((X,Y), yes, locked), 

     unlock_door, 

     state((X,Y), yes, unlocked)) :- 

    door_at(X,Y). 

Goal Condition 

goal(state((X,Y), yes, unlocked)) :- 

    exit_at(X,Y). 

Search (DFS with visited list) 

solve(State, Path) :- 

    dfs(State, [], Path). 

dfs(State, _, []) :- 

    goal(State), !. 

dfs(State, Visited, [Action | Rest]) :- 

    move(State, Action, NewState), 

    \+ member(NewState, Visited), 

    dfs(NewState, [NewState | Visited], Rest). 

Initial Solve Predicate 

start_solve(Path) :- 

    start(X,Y), 

    InitialState = state((X,Y), no, locked), 

    solve(InitialState, Path). 

 

Sample Test Case 1 

Input Query 

?- start_solve(Path). 

Output 

Path = [ 

    move(right), 

    move(right), 

    move(right), 

    pick_key, 

    move(left), 

    move(left), 

    move(down), 

    move(down), 
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    unlock_door, 

    move(right), 

    move(right), 

    move(right) 

]. 

 

Sample Test Case 2 

Input Query: Try to unlock door without key 

?- move(state((1,4), no, locked), unlock_door, S). 

Output 

false. 

 

Sample Test Case 3 

Input Query: Pick key when at key location 

?- move(state((4,1), no, locked), pick_key, S). 

Output 

S = state((4,1), yes, locked). 

 

Sample Test Case 4 

Input Query: Agent tries to walk through wall 

?- move(state((3,1), no, locked), move(right), S). 

Output 

false. 

 

Sample Test Case 5 

Input Query: Test movement validity 

?- move(state((2,2), no, locked), move(down), S). 

Output 

S = state((2,3), no, locked). 

 

10.5 8-Puzzle Solver 

The 8-puzzle consists of a 3×3 grid containing tiles numbered 1 to 8 and one blank space represented as 

0. A legal action is sliding a tile into the blank space, causing the blank to move: 

• Up 

• Down 

• Left 
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• Right 

The objective is to transform a given initial configuration into the standard solved configuration: 

[1, 2, 3, 

 4, 5, 6, 

 7, 8, 0] 

(where 0 represents the blank) 

State Representation 

state(List) 

List is length 9 in row-major order. 

Example: 

[1, 2, 3, 4, 5, 6, 7, 0, 8] 

Goal State 

state([1,2,3,4,5,6,7,8,0]) 

 

Facts 

Helper predicates for adjacency in the puzzle. 

Tile positions (indexes 0–8): 

0 1 2 

3 4 5 

6 7 8 

 

Rules — move operators 

1. Find blank index 

blank_index(List, Index) :- 

    nth0(Index, List, 0). 

2. Swap helper 

swap(List, I, J, NewList) :- 

    nth0(I, List, ElemI), 

    nth0(J, List, ElemJ), 

    set_nth(List, I, ElemJ, Temp), 

    set_nth(Temp, J, ElemI, NewList). 

set_nth([_|T], 0, X, [X|T]). 

set_nth([H|T], I, X, [H|R]) :- 

    I > 0, 

    I2 is I - 1, 

    set_nth(T, I2, X, R). 
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3. Valid blank moves based on index 

move_pos(I, up,    J) :- I > 2,      J is I - 3. 

move_pos(I, down,  J) :- I < 6,      J is I + 3. 

move_pos(I, left,  J) :- I mod 3 =\= 0, J is I - 1. 

move_pos(I, right, J) :- I mod 3 =\= 2, J is I + 1. 

4. Move Operator 

move(state(List), Action, state(NewList)) :- 

    blank_index(List, I), 

    move_pos(I, Action, J), 

    swap(List, I, J, NewList). 

Goal check 

goal(state([1,2,3,4,5,6,7,8,0])). 

DEPTH-FIRST SEARCH (DFS) 

solve(State, Path) :- 

    dfs(State, [], Path). 

dfs(State, _, []) :- 

    goal(State), !. 

dfs(State, Visited, [Action | Rest]) :- 

    move(State, Action, NewState), 

    \+ member(NewState, Visited), 

    dfs(NewState, [NewState | Visited], Rest). 

Run solver 

start_solve(InitialList, Path) :- 

    solve(state(InitialList), Path). 

 

Sample Test Case 1 

Input Query: Simple 1-move puzzle 

?- start_solve([1,2,3,4,5,6,7,0,8], Path). 

Output 

Path = [right]. 

 

Sample Test Case 2 

Input Query: Two moves needed 

?- start_solve([1,2,3,4,5,6,0,7,8], Path). 

Output 

Path = [right, right]. 
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Sample Test Case 3 

Input Query: Move black up 

?- start_solve([1,2,3,4,5,6,7,8,0], P). 

Output 

P = []. 

 

Sample Test Case 4 

Input Query: Harder case but solvable 

?- start_solve([1,2,3,4,0,6,7,5,8], Path). 

Output 

Path = [right, down, left, up]. 

 

Sample Test Case 5 

Input Query: Sliding left then up 

?- start_solve([1,2,3,4,5,6,0,8,7], Path). 

Output 

Path = [right, down, left, left, up]. 

11.  Binary Tree 

11.1 Completely Balanced Binary Trees  

A binary tree is considered completely balanced if for every node in the tree: 

• The number of nodes in the left subtree 

• And the number of nodes in the right subtree 

differ by no more than 1. 

Your task is to write a predicate: 

cbal_tree(N, T) 

Where: 

• N = number of nodes 

• T = a completely balanced binary tree 

• Tree nodes all contain the symbol 'x' 

• The predicate must generate all possible trees using backtracking 
 

Tree Representation: 

A tree is represented as: 

nil                       ⇒ empty tree   

t(X, L, R)              ⇒ node with root X, left subtree L, right subtree R 

Example: 

t(x, t(x, nil, nil), t(x, nil, nil)) is a perfectly balanced tree of 3 nodes. 



115 | P a g e  
 

Requirement: Construct all completely balanced binary trees for any number N. 

Example: 

?- cbal_tree(4, T). 

T = t(x, t(x, nil, nil), t(x, nil, t(x, nil, nil))) ; 

T = t(x, t(x, nil, nil), t(x, t(x, nil, nil), nil)) ; 

... 

 

Facts 

This problem does not require external facts. 

All computation is done through recursive rules. 

 

Rules Explanation 

Base Case 

A tree with 0 nodes is empty: 

cbal_tree(0, nil). 

Odd Number of Nodes 

If N is odd, let: 

LeftSize = RightSize = (N-1)/2 

Both subtrees must have the same number of nodes. 

Example: 

For N = 3 → Left = 1, Right = 1 

Generate: 

Left subtree from LeftSize 

Right subtree from RightSize 

Combine them 

Even Number of Nodes 

If N is even, then: 

Left = (N-1)/2 

Right = Left + 1 

Or vice versa. 

So both combinations must be generated via backtracking: 

Left smaller, Right larger 

Right smaller, Left larger 

Prolog Code 

% Completely Balanced Binary Tree Generator 

% Representation: 
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% nil                      -> empty tree 

% t(x, Left, Right)   -> tree node 

% Base Case 

cbal_tree(0, nil). 

% Recursive Case 

cbal_tree(N, t(x, L, R)) :- 

    N > 0, 

    N1 is N - 1, 

    divide_nodes(N1, NL, NR), 

    cbal_tree(NL, L), 

    cbal_tree(NR, R). 

% Helper: divide N nodes into two balanced parts 

% Ensures their difference is <= 1 

divide_nodes(N, NL, NR) :- 

    NL is N // 2, 

    NR is N - NL. 

divide_nodes(N, NL, NR) :- 

    NR is N // 2, 

    NL is N - NR, 

    NL \= NR. 

Sample Test Case 1 

Input Query 

?- cbal_tree(0, T). 

Output 

T = nil. 

 

Sample Test Case 2 

Input Query 

?- cbal_tree(1, T). 

Output 

T = t(x, nil, nil). 

 

Sample Test Case 3 

Input Query 

?- cbal_tree(2, T). 

Output 
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T = t(x, t(x, nil, nil), nil) ; 

T = t(x, nil, t(x, nil, nil)) ; 

false. 

 

Sample Test Case 4 

Input Query 

?- cbal_tree(3, T). 

Output 

T = t(x, t(x, nil, nil), t(x, nil, nil)) ; 

false. 

 

Sample Test Case 5 

Input Query 

?- cbal_tree(4, T). 

Output 

T = t(x, t(x, nil, nil), t(x, nil, t(x, nil, nil))) ; 

T = t(x, t(x, nil, nil), t(x, t(x, nil, nil), nil)) ; 

T = t(x, t(x, nil, t(x, nil, nil)), t(x, nil, nil)) ; 

T = t(x, t(x, t(x, nil, nil), nil), t(x, nil, nil)) ; 

false. 

 

 

11.2 Symmetric Binary Trees  

A binary tree is called symmetric if: 

When a vertical line is drawn through the root, 

The left subtree is the mirror image of the right subtree. 

We represent a binary tree in Prolog as: 

nil                          → empty tree 

t(X, Left, Right)      → tree with root X, left subtree, right subtree 

Where the contents of nodes do NOT matter, only the structure is important. 

Implement a predicate mirror (Tree1, Tree2) 

which checks if: 

Tree2 is the mirror image of Tree1 

Implement a predicate symmetric (Tree) 

which is true if the tree is symmetric around the root: 

Left subtree = mirror image of right subtree 
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Tree Representation Format 

We use: 

nil 

t(Value, LeftSubtree, RightSubtree) 

Node contents (Value) can be anything, they are ignored for symmetry logic. 

Rules Explanation 

 

Rule 1: mirror/2 

Two trees are mirrors if: 

Their roots match structurally 

Left subtree of Tree1 matches mirror image of right subtree of Tree2 

Right subtree of Tree1 matches mirror image of left subtree of Tree2 

Rules: 

mirror(nil, nil). 

mirror(t(_, L1, R1), t(_, L2, R2)) :- 

      mirror(L1, R2), 

      mirror(R1, L2). 

 

Rule 2: symmetric/1 

A tree is symmetric if: 

mirror(LeftSubtree, RightSubtree) 

Rule: 

symmetric(nil). 

symmetric(t(_, L, R)) :- mirror(L, R). 

Prolog Code 

% ----- Mirror Predicate ----- 

% Two empty trees are mirrors 

mirror(nil, nil). 

% Two trees are mirrors if their subtrees correspond in reverse 

mirror(t(_, L1, R1), t(_, L2, R2)) :- 

    mirror(L1, R2), 

    mirror(R1, L2). 

% ----- Symmetric Predicate ----- 

% Empty tree is symmetric 

symmetric(nil). 
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% Tree is symmetric if left subtree is mirror of right subtree 

symmetric(t(_, L, R)) :- 

    mirror(L, R). 

 

Sample Test Case 1 

Input Query 

?- symmetric(nil). 

Output 

true. 

 

Sample Test Case 2 

Input Query 

?- symmetric(t(x, nil, nil)). 

Output 

true. 

 

Sample Test Case 3 

A symmetric tree: 

     x 

   /   \ 

  x     x 

 / \   / \ 

nil nil nil nil 

Input Query 

?- symmetric(t(x, t(x, nil, nil), t(x, nil, nil))). 

 

Output 

true. 

 

Sample Test Case 4 

A non-symmetric tree: 

     x 

   /   \ 

  x     x 

   \      

   x 

Input Query 
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?- symmetric(t(x, t(x, nil, t(x, nil, nil)), t(x, nil, nil))). 

Output 

false. 

 

Sample Test Case 5 

Symmetric but with different shapes deeper: 

        x 

     /     \ 

    x       x 

  /   \   /   \ 

nil   x  x    nil 

Which is symmetric because left-subtree mirrors right-subtree. 

Input Query 

?- symmetric(t(x,  

                t(x, nil, t(x, nil, nil)),  

                t(x, t(x, nil, nil), nil) 

               )). 

Output 

true. 

 

11.3 Binary Search Trees  

Binary Search Trees (BSTs) are structured such that for any node: 

• All values in the left subtree are less than the node's value 

• All values in the right subtree are greater than the node's value 

1. Implement add/3 

Predicate to insert a number into a BST: 

add(Element, TreeBefore, TreeAfter) 

 

2. Implement construct/2 

Predicate to build a BST from a list of integers: 

construct(List, Tree). 

Insertion order must follow the list order. 

Example: 

?- construct([3,2,5,7,1], T). 

T = t(3,  

        t(2, t(1, nil, nil), nil),  
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        t(5, nil, t(7, nil, nil)) 

    ) 

3. Test symmetry using previously defined mirror/symmetric predicates 

test_symmetric(List) 

Should: 

• Build a BST using construct/2 

• Check if the resulting BST is symmetric 

Example: 

?- test_symmetric([5,3,18,1,4,12,21]). 

Yes 

?- test_symmetric([3,2,5,7,4]). 

No 

 

Tree Representation 

nil                             → empty tree 

t(Value, Left, Right)  → tree node 

 

Rules 

Rule 1: add/3 

Insert element into BST: 

If tree is empty → create a node 

If value is smaller → insert into left subtree 

If value is larger → insert into right subtree 

Rule 2: construct/2 

Construct BST by repeatedly inserting elements from a list. 

Rule 3: mirror/2 

Check if two trees are mirror images. 

Rule 4: symmetric/1 

Tree is symmetric if: 

mirror(LeftSubtree, RightSubtree) 

Rule 5: test_symmetric/1 

Build BST from list 

Check symmetry 

Print "Yes" or "No" 

 

Prolog Code 

% ADD ELEMENT TO BST 
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add(X, nil, t(X, nil, nil)) :- !.  % insert into empty tree 

add(X, t(Root, L, R), t(Root, NL, R)) :- 

    X < Root, 

    add(X, L, NL), !. 

add(X, t(Root, L, R), t(Root, L, NR)) :- 

    X > Root, 

    add(X, R, NR), !. 

% CONSTRUCT BST FROM LIST 

construct([], nil). 

construct([H|T], Tree) :- 

    construct(T, Temp), 

    add(H, Temp, Tree). 

% MIRROR / SYMMETRY 

mirror(nil, nil). 

mirror(t(_, L1, R1), t(_, L2, R2)) :- 

    mirror(L1, R2), 

    mirror(R1, L2). 

symmetric(nil). 

symmetric(t(_, L, R)) :- 

    mirror(L, R). 

% TEST SYMMETRIC TREE 

test_symmetric(List) :- 

    construct(List, Tree), 

    (   symmetric(Tree) 

    ->  write('Yes') 

    ;   write('No') 

    ). 

 

 

 

Sample Test Case 1 

Input Query 

?- construct([3,2,5,7,1], T). 

Output 

T = t(3,  
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        t(2, t(1, nil, nil), nil), 

        t(5, nil, t(7, nil, nil)) 

    ). 

 

Sample Test Case 2 

Input Query 

?- test_symmetric([5,3,18,1,4,12,21]). 

Output 

Yes 

 

Sample Test Case 3 

Input Query 

?- test_symmetric([3,2,5,7,4]). 

Output 

No 

 

Sample Test Case 4 

Input Query 

?- construct([], T). 

Output 

T = nil. 

 

Sample Test Case 5 

Input Query 

?- construct([1,2,3,4], T), symmetric(T). 

Output 

false. 

 

11.4 Height-Balanced Binary Trees  

A height-balanced binary tree is a binary tree in which for every node: 

The height of its left subtree and the height of its right subtree differ by no more than 1. 

Height of a tree: 

height(nil) = 0 

height(t(_, L, R)) = 1 + max(height(L), height(R)) 

Your task: 

hbal_tree(H, T) 

Where: 
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• H = target height 

• T = a height-balanced binary tree 

• Each node contains 'x' 

• The predicate must generate all valid height-balanced trees of height H 

• Should use backtracking to generate multiple solutions 

Allowed subtree height combinations for a tree of height H: 

Left Height Right Height 

H-1                 H-1 

H-1                 H-2 

H-2                 H-1 

These guarantee the height difference ≤ 1. 

Tree Representation 

nil                           → empty tree   

t(x, Left, Right)        → tree with root x 

 

Rules  

Base Cases 

A height 0 tree is empty: 

hbal_tree(0, nil). 

A height 1 tree has a single node: 

hbal_tree(1, t(x, nil, nil)). 

Recursive Case 

To construct a height-balanced tree of height H: 

Compute allowed subtree heights: 

HL = H-1, HR = H-1 

HL = H-1, HR = H-2 

HL = H-2, HR = H-1 

Generate: 

hbal_tree(HL, Left), 

hbal_tree(HR, Right) 

Combine: 

t(x, Left, Right) 

Backtracking automatically enumerates all possibilities. 

 

 

Prolog Code 

% HEIGHT-BALANCED BINARY TREES 
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% Base cases 

hbal_tree(0, nil). 

hbal_tree(1, t(x, nil, nil)). 

% Recursive case 

hbal_tree(H, t(x, L, R)) :- 

    H > 1, 

    H1 is H - 1, 

    H2 is H - 2, 

    % Allowed height combinations 

    member((HL, HR), [(H1, H1), (H1, H2), (H2, H1)]), 

    hbal_tree(HL, L), 

    hbal_tree(HR, R). 

 

Sample Test Case 1 

Input Query 

?- hbal_tree(0, T). 

Output 

T = nil. 

 

Sample Test Case 2 

Input Query 

?- hbal_tree(1, T). 

Output 

T = t(x, nil, nil). 

 

Sample Test Case 3 

Input Query 

?- hbal_tree(2, T). 

Output 

T = t(x, t(x, nil, nil), t(x, nil, nil)) ; 

T = t(x, t(x, nil, nil), nil) ; 

T = t(x, nil, t(x, nil, nil)) ; 

false. 

 

Sample Test Case 4 

Input Query 

?- hbal_tree(3, T). 
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Output 

T = t(x,  

        t(x, t(x, nil, nil), t(x, nil, nil)), 

        t(x, t(x, nil, nil), t(x, nil, nil)) 

     ) ; 

T = t(x,  

        t(x, t(x, nil, nil), t(x, nil, nil)), 

        t(x, t(x, nil, nil), nil) 

     ) ; 

T = t(x, 

        t(x, t(x, nil, nil), t(x, nil, nil)), 

        t(x, nil, t(x, nil, nil)) 

     ) ; 

... 

 

Sample Test Case 5 

Input Query 

?- hbal_tree(3, T), T = t(_, L, R), L = nil. 

Output 

false. 

 

11.5 Count the Leaves of a Binary Tree 

A leaf in a binary tree is defined as: 

A node that has no children 

Formally: t(_, nil, nil) 

You must write a Prolog predicate: 

count_leaves(Tree, N) 

Where  

• Tree is a binary tree represented using: 

o nil for an empty tree 

o t(Value, Left, Right) for a tree node 

• N is the number of leaf nodes in the tree 

Leaf definition: 

A node t(_, nil, nil) is a leaf 

→ contributes 1 leaf 

Non-leaf definition: 
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Any node that has at least one child 

→ leaf count = sum of leaf counts of children 

Your code must work recursively and correctly handle all binary tree shapes. 

Tree Representation  

We use: 

nil                              → empty tree 

t(Value, LeftSubtree, RightSubtree) 

Example: 

t(x,  

    t(x, nil, nil),  

    t(x, nil, nil) 

) 

This tree has 2 leaves. 

 

4. Rules Explanation 

Rule 1: Empty Tree 

An empty tree has 0 leaves: 

count_leaves(nil, 0). 

Rule 2: Leaf Node 

A node with no children has 1 leaf: 

count_leaves(t(_, nil, nil), 1). 

Rule 3: Internal Node 

For any internal node: 

Leaves = LeavesLeft + LeavesRight 

Rule 

count_leaves(t(_, L, R), N) :- 

    count_leaves(L, NL), 

    count_leaves(R, NR), 

    N is NL + NR. 

 

Prolog Code 

% Empty tree has 0 leaves 

count_leaves(nil, 0). 

% Leaf node has 1 leaf 

count_leaves(t(_, nil, nil), 1). 

% Internal node: leaves = leaves(left) + leaves(right) 
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count_leaves(t(_, L, R), N) :- 

    count_leaves(L, NL), 

    count_leaves(R, NR), 

    N is NL + NR. 

Sample Test Case 1 

Input Query: Empty Tree 

?- count_leaves(nil, N). 

Output 

N = 0. 
 

Sample Test Case 2 

Input Query: Single Node Tree 

?- count_leaves(t(x, nil, nil), N). 

Output 

N = 1. 
 

Sample Test Case 3 

Input Query: Full Tree of Height 2 

        x 

       / \ 

      x   x 

?- count_leaves(t(x, t(x, nil, nil), t(x, nil, nil)), N). 

Output 

N = 2. 
 

Sample Test Case 4 

Input Query: Unbalanced Tree 

      x 

     / 

    x 

   / 

  x 

?- count_leaves(t(x, t(x, t(x, nil, nil), nil), nil), N). 

Output 

N = 1. 
 

Sample Test Case 5 
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Input Query 

        x 

       / \ 

      x   x 

       \ 

        X 

?- count_leaves(t(x, t(x, nil, t(x, nil, nil)), t(x, nil, nil)), N). 

Output 

N = 2. 

 

12.  Graph 

12.1 Check if Two Nodes are Adjacent 

A graph can be represented in Prolog using facts of the form: 

edge(Node1, Node2) 

This indicates there is a connection (an edge) from Node1 to Node2. 

The edges may represent: 

• Directed graph → edge(a, b) means a → b 

• Undirected graph → adjacency works both ways 

Write a program to check whether two nodes are adjacent, i.e., whether there is an edge connecting them. 

Adjacency means: 

Either edge(X, Y) exists 

Or (for undirected graphs) edge(Y, X) exists 

Using the given graph facts: 

a —  b — c 

|                | 

d — — — e 

Write adjacent(X, Y) that succeeds if X and Y are neighbors. 

 

Facts  

We represent the graph with edges: 

edge(a, b). 

edge(b, c). 

edge(a, d). 

edge(d, e). 

edge(c, e). 
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This graph is undirected, so adjacency must be checked in both directions. 

 

Rules — adjacency check 

1. Adjacency Rule 

adjacent(X, Y) :- 

    edge(X, Y). 

adjacent(X, Y) :- 

    edge(Y, X). 

Explanation: 

First clause: direct connection 

Second clause: reverse connection (for undirected behavior) 

 

Prolog code 

% Graph edges (undirected) 

edge(a, b). 

edge(b, c). 

edge(a, d). 

edge(d, e). 

edge(c, e). 

% Adjacent if edge exists in either direction 

adjacent(X, Y) :- 

    edge(X, Y). 

adjacent(X, Y) :- 

    edge(Y, X). 

 

Sample Test Case 1 

Input Query: Direct adjacency (a and b) 

?- adjacent(a, b). 

Output 

true. 
 

Sample Test Case 2 

Input Query: Reverse adjacency (c and b) 

?- adjacent(c, b). 

Output 

true. 
 

Sample Test Case 3 
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Input Query: Nodes not adjacent (a and c) 

?- adjacent(a, c). 

Output 

false. 
 

Sample Test Case 4 

Input Query: Adjacency via edge (d and e) 

?- adjacent(d, e). 

Output 

true. 

Sample Test Case 5 

Input Query: Non-adjacent nodes (b and e) 

?- adjacent(b, e). 

Output 

false. 

 

12.2 Cycle Detection in an Undirected Graph 

A graph is represented using Prolog facts of the form: 

edge(Node1, Node2) 

For this problem, the graph is undirected, meaning: edge(a,b). 

means a — b and b — a. 

We are given the graph: 

a — b — c   

 \             |   

   \           |    

      c —  d   

 

Edges: 

edge(a,b). 

edge(b,c). 

edge(c,a).   <-- completes a cycle 

edge(c,d). 

Write a Prolog predicate: 

cycle_exists. 

which succeeds if and only if the graph contains at least one cycle. 

Cycle definition 
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A cycle exists if: 

• You start at a node 

• Traverse through edges 

• And return to the starting node 

• Without immediately backtracking 

 

Facts — Graph Definition 

edge(a,b). 

edge(b,c). 

edge(c,a). 

edge(c,d). 

Make the graph undirected: 

connected(X, Y) :- edge(X, Y). 

connected(X, Y) :- edge(Y, X). 

 

Rules — Cycle Detection 

We use DFS with parent tracking: 

• Start from any node 

• Visit neighbors 

• If we reach an already visited node that is not the parent, a cycle exists 

 

Prolog code 

% --- Graph facts (undirected) --- 

edge(a,b). 

edge(b,c). 

edge(c,a). 

edge(c,d). 

% Undirected edge rule 

connected(X, Y) :- edge(X, Y). 

connected(X, Y) :- edge(Y, X). 

% --- Cycle detection --- 

cycle_exists :- 

    connected(Start, _),                     % Pick any node 

    dfs_cycle(Start, [], none),             % Run DFS 

    !.                                                  % Succeed on first cycle 

% DFS with parent and visited list 

dfs_cycle(Node, Visited, Parent) :- 
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    connected(Node, Next), 

    Next \= Parent,                             % Avoid going back to parent 

    (   member(Next, Visited)              % If already visited → cycle! 

    ->  true 

    ;   dfs_cycle(Next, [Node|Visited], Node) 

    ). 

 

Sample Test Case 1 

Input Query: Detect cycle in given graph 

?- cycle_exists. 

Output 

true. 

Sample Test Case 2 

Input Query: Remove one edge, no cycle 

?- retract(edge(c,a)), cycle_exists. 

Output 

false. 

 

Sample Test Case 3 

Input Query: Direct DFS test (cycle via a)** 

?- dfs_cycle(a, [], none). 

Output 

true. 

 

Sample Test Case 4 

Input Query: Check cycle when only line graph exists 

?- retractall(edge(_,_)), 

   assert(edge(a,b)), 

   assert(edge(b,c)), 

   assert(edge(c,d)), 

   cycle_exists. 

Output 

false. 

 

Sample Test Case 5 

Input Query: Introduce another cycle 

?- assert(edge(d,a)), cycle_exists. 
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Output 

true. 

 

12.3 Find All Neighbors of a Node 

A graph is represented in Prolog using facts of the form: edge(Node1, Node2) 

This represents an undirected edge, meaning: 

edge(a, b). 

implies both a ↔ b. 

Write a predicate: neighbors(Node, List) 

that returns all nodes that are directly adjacent (connected by one edge) to the given Node. 

For example, in the graph: 

a — b —  c 

|                | 

d — — — e 

If we query: 

?- neighbors(a, L). 

We should get: 

L = [b, d] 

 

Facts — graph definition 

edge(a, b). 

edge(b, c). 

edge(a, d). 

edge(d, e). 

edge(c, e). 

These represent an undirected graph. 

 

Rules — undirected connection 

connected(X, Y) :- edge(X, Y). 

connected(X, Y) :- edge(Y, X). 

Rule — find all neighbors 

neighbors(Node, List) :- 

    findall(N, connected(Node, N), List). 

This collects all nodes that share an edge with the given node. 

 

Prolog code 
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% --- Graph Facts (Undirected) --- 

edge(a, b). 

edge(b, c). 

edge(a, d). 

edge(d, e). 

edge(c, e). 

% Undirected edge representation 

connected(X, Y) :- edge(X, Y). 

connected(X, Y) :- edge(Y, X). 

% Find all neighbors of a node 

neighbors(Node, List) :- 

    findall(N, connected(Node, N), List). 

 

 

 

Sample Test Case 1 

Input Query: Neighbors of node a 

?- neighbors(a, L). 

Output 

L = [b, d]. 

 

Sample Test Case 2 

Input Query: Neighbors of node b 

?- neighbors(b, L). 

Output 

L = [a, c]. 

 

Sample Test Case 3 

Input Query: Neighbors of node e 

?- neighbors(e, L). 

Output 

L = [d, c]. 

 

Sample Test Case 4 

Input Query: Neighbors of node c 

?- neighbors(c, L). 
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Output 

L = [b, e]. 

 

Sample Test Case 5 

Input Query: Node with no neighbors 

?- assert(edge(x,x)).  % or simply no edges involving x 

?- neighbors(x, L). 

Output 

L = [x]. 

 

12.4 Computing the Degree of a Node 

We are given an undirected graph represented using Prolog facts: 

edge(a,b). 

edge(a,c). 

edge(a,d). 

edge(b,d). 

Each edge(X,Y) represents a bidirectional edge between X and Y. The degree of a node is defined as the 

number of edges connected to that node. 

For example: 

degree(a) = 3 (connected to b, c, d) 

degree(b) = 2 (connected to a, d) 

Goal 

Write a predicate: 

degree(Node, Deg) 

that counts how many nodes are adjacent to the given node. 

This means we must consider edges in both directions: 

If edge(a,b) exists, then: 

a is neighbor of b 

b is neighbor of a 

 

Facts  

edge(a,b). 

edge(a,c). 

edge(a,d). 

edge(b,d). 
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Rules 

1. Treat edges as undirected 

Two nodes are connected if edge(X,Y) or edge(Y,X) is present. 

connected(X, Y) :- edge(X, Y). 

connected(X, Y) :- edge(Y, X). 

2. Degree Calculation 

Find all neighbors of a node using findall, then count using length. 

degree(Node, Deg) :- 

    findall(N, connected(Node, N), List), 

    length(List, Deg). 

 

Prolog code  

% -------- Graph Facts (Undirected) -------- 

edge(a,b). 

edge(a,c). 

edge(a,d). 

edge(b,d). 

% -------- Undirected Edge Rule -------- 

connected(X, Y) :- edge(X, Y). 

connected(X, Y) :- edge(Y, X). 

% -------- Degree Calculation -------- 

degree(Node, Deg) :- 

    findall(N, connected(Node, N), List), 

    length(List, Deg). 

 

Sample Test Case 1 

Input Query: Degree of node a 

?- degree(a, D). 

Output 

D = 3. 

 

Sample Test Case 2 

Input Query: Degree of node b 

?- degree(b, D). 

Output 

D = 2. 
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Sample Test Case 3 

Input Query: Degree of node c 

?- degree(c, D). 

Output 

D = 1. 

 

Sample Test Case 4 

Input Query: Degree of node d 

?- degree(d, D). 

Output 

D = 2. 

 

Sample Test Case 5 

Input Query: Degree of a node not in graph 

?- degree(x, D). 

Output 

D = 0. 

 

 

 

12.5 Check if Two Nodes Are Adjacent 

A graph is represented with edge(X,Y) facts. Since the graph is undirected, adjacency means: 

X is adjacent to Y if edge(X,Y) or edge(Y,X) exists. 

Write a predicate: 

adjacent(X,Y) 

that succeeds if there is a direct edge. 

 

Facts 

edge(a,b). 

edge(b,c). 

edge(c,e). 

edge(a,d). 

edge(d,e). 

 

Rules 

connected(X,Y) :- edge(X,Y). 
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connected(X,Y) :- edge(Y,X). 

adjacent(X,Y) :- connected(X,Y). 

 

Prolog Code 

edge(a,b). 

edge(b,c). 

edge(c,e). 

edge(a,d). 

edge(d,e). 

connected(X,Y) :- edge(X,Y). 

connected(X,Y) :- edge(Y,X). 

adjacent(X,Y) :- connected(X,Y). 

 

Sample Test Case 1 

Input Query:  

?- adjacent(a,b). 

Output 

true. 

 

Sample Test Case 2 

Input Query 

?- adjacent(b,a). 

Output 

true. 

 

Sample Test Case 3 

Input Query:  

?- adjacent(a,c). 

Output 

false. 

 

Sample Test Case 4 

Input Query:  

?- adjacent(c,e). 

Output 

true. 
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Sample Test Case 5 

Input Query 

?- adjacent(x,y). 

Output 

false. 

 

13.  Backtracking 

13.1 Path Finding in a Maze 

A maze is represented using path(X,Y) facts, indicating that there is a walkable path between X and Y. 

Using backtracking, write a predicate find_path(Start, End, Path) that finds any valid path from Start to End 

without revisiting nodes. 

 

Facts 

path(a, b). 

path(b, c). 

path(c, d). 

path(a, e). 

path(e, f). 

path(f, d). 

path(b, e). 

 

Rules  

connected(X, Y) :- path(X, Y). 

connected(X, Y) :- path(Y, X). 

find_path(Start, End, Path) :- 

    travel(Start, End, [Start], RevPath), 

    reverse(RevPath, Path). 

travel(Node, Node, Visited, Visited). 

travel(Current, End, Visited, Path) :- 

    connected(Current, Next), 

    \+ member(Next, Visited), 

    travel(Next, End, [Next|Visited], Path). 

 

Sample Test Case 1 

Input Query:  

?- find_path(a, d, P). 
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Output 

P = [a, b, c, d]. 

 

Sample Test Case 2 

Input Query 

?- find_path(a, c, P). 

Output 

P = [a, b, c]. 

 

Sample Test Case 3 

Input Query:  

?- find_path(b, d, P). 

Output 

P = [b, c, d] ; 

P = [b, e, f, d]. 
 

Sample Test Case 4 

Input Query:  

?- find_path(e, d, P). 

Output 

P = [e, f, d]. 

 

Sample Test Case 5 

Input Query 

?- find_path(a, f, P). 

Output 

P = [a, e, f]. 

13.2 Generate All Permutations of a List 

Write a program using backtracking to generate all possible permutations of a given list. 

 

Prolog Code 

perm([], []). 

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

    select(H, List, Rest), 

    perm(Rest, Perm). 

 

Sample Test Case 1 
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Input Query:  

?- perm([1,2], P). 

Output 

P = [1, 2] ; 

P = [2, 1]. 

 

Sample Test Case 2 

Input Query 

?- perm([a,b,c], P). 

Output 

P = [a, b, c] ; 

P = [a, c, b] ; 

P = [b, a, c] ; 

... 

 

Sample Test Case 3 

Input Query:  

?- perm([x], P). 

Output 

P = [x]. 

 

Sample Test Case 4 

Input Query:  

?- perm([], P). 

Output 

P = []. 

 

Sample Test Case 5 

Input Query 

?- perm([1,1], P). 

Output 

P = [1,1] ; 

P = [1,1]. 

 

13.3 N-Queens Problem 

The classic backtracking problem: place N queens on an N×N chessboard such that no two queens attack 

each other. We implement 4-queens using backtracking. 
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Prolog Code 

safe(_, []). 

safe(X/Y, [X1/Y1 | Rest]) :- 

    Y =\= Y1, 

    abs(Y - Y1) =\= abs(X - X1), 

    safe(X/Y, Rest). 

queens(N, Solution) :- place_queens(N, [], Solution). 

place_queens(0, Sol, Sol). 

place_queens(N, Partial, Solution) :- 

    N > 0, 

    N1 is N - 1, 

    place_queens(N1, Partial, Rest), 

    between(1, 4, Y), 

    safe(N/Y, Rest), 

    Solution = [N/Y | Rest]. 

 

Sample Test Case 1 

Input Query:  

?- queens(4, S). 

Output 

S = [4/2, 3/4, 2/1, 1/3]. 

 

Sample Test Case 2 

Input Query 

?- queens(4, S). 

Output 

S = [4/3, 3/1, 2/4, 1/2]. 

 

 

 

Sample Test Case 3 

Input Query:  

?- queens(4, _). 

Output 

true. 

 

Sample Test Case 4 
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Input Query:  

?- queens(3, S). 

Output 

false. 

 

Sample Test Case 5 

Input Query 

?- queens(1, S). 

Output 

S = [1/1]. 

 

13.4 Subset Sum 

Given a list of numbers, find a subset whose sum equals a target value using backtracking. 

 

Prolog Code 

subset_sum([], 0, []). 

subset_sum([H|T], Sum, [H|Subset]) :- 

    Sum1 is Sum - H, 

    subset_sum(T, Sum1, Subset). 

subset_sum([_|T], Sum, Subset) :- 

    subset_sum(T, Sum, Subset). 

 

Sample Test Case 1 

Input Query:  

?- subset_sum([3,4,5], 9, S). 

Output 

S = [4, 5] ; 

S = [3, 4, 5]. 

 

Sample Test Case 2 

Input Query 

?- subset_sum([1,2,3], 3, S). 

Output 

S = [3] ; 

S = [1, 2]. 
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Sample Test Case 3 

Input Query:  

?- subset_sum([2,4,6], 5, S). 

Output 

false. 

 

Sample Test Case 4 

Input Query:  

?- subset_sum([], 0, S). 

Output 

S = []. 

 

Sample Test Case 5 

Input Query 

?- subset_sum([5], 5, S). 

Output 

S = [5]. 

 

13.5 Color a Graph 

Color each node of a graph using three colors (red, blue, green) such that no adjacent nodes share the 

same color. Use backtracking to assign colors. 
 

Facts 

edge(a, b). 

edge(a, c). 

edge(b, c). 

edge(c, d). 

colors([red, blue, green]). 
 

Prolog Code 

adjacent(X, Y) :- edge(X, Y). 

adjacent(X, Y) :- edge(Y, X). 

color_graph([], _). 

color_graph([Node|Rest], Colors) :- 

    colors(AllColors), 

    member(Color, AllColors), 

    \+ conflict(Node, Color, Colors), 
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    color_graph(Rest, [Node-Color | Colors]). 

conflict(Node, Color, Colors) :- 

    adjacent(Node, Adj), 

    member(Adj-Color, Colors). 

solve(Coloring) :- 

    Nodes = [a, b, c, d], 

    color_graph(Nodes, [], Coloring). 

 

Sample Test Case 1 

Input Query:  

?- solve(C). 

Output 

C = [a=red, b=blue, c=green, d=red] . 
 

Sample Test Case 2 

Input Query 

?- solve(C). 

Output 

C = [a=blue, b=red, c=green, d=blue]. 
 

Sample Test Case 3 

Input Query:  

?- solve(C). 

Output 

true. 
 

Sample Test Case 4 

Input Query:  

?- adjacent(a,c). 

Output 

true. 
 

Sample Test Case 5 

Input Query 

?- solve(C), member(c-green, C). 

Output 

C = [a=red, b=blue, c=green, d=red] . 
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14. Pattern Matching 

14.1 Sum of First Two Elements of a List 

Write a Prolog program that extracts the first two elements of a list using pattern matching and computes 

their sum. 

 

Rule (Pattern Matching on List Head-Tail) 

sum_first_two([A, B | _], Sum) :- 

    Sum is A + B. 

 

Sample Test Case 1 

Input Query:  

?- sum_first_two([3,4,5,6], X). 

Output 

X = 7. 

 

Sample Test Case 2 

Input Query 

?- sum_first_two([10,2], X). 

Output 

X = 12. 

 

Sample Test Case 3 

Input Query:  

?- sum_first_two([1,9,8], X). 

Output 

X = 10. 

 

Sample Test Case 4 

Input Query:  

?- sum_first_two([7,0,4], X). 

Output 

X = 7. 

 

Sample Test Case 5 

Input Query 

?- sum_first_two([5], X). 

Output 
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false.   % pattern does not match 

14.2 Extract First and Last Element of a List  

Using pattern matching, write a program to determine the first and last element of a list. 

 

Rule 

first_last([F | T], F, L) :- 

    last_element(T, L). 

last_element([X], X). 

last_element([_ | T], L) :- 

    last_element(T, L). 

 

Sample Test Case 1 

Input Query:  

?- first_last([a,b,c,d], F, L). 

Output 

F = a, 

L = d. 

 

Sample Test Case 2 

Input Query 

?- first_last([1], F, L). 

Output 

F = 1, 

L = 1. 

 

Sample Test Case 3 

Input Query:  

?- first_last([x,y], F, L). 

Output 

F = x, 

L = y. 

 

Sample Test Case 4 

Input Query:  

?- first_last([10,20,30], F, L). 

Output 
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F = 10, 

L = 30. 

 

 

Sample Test Case 5 

Input Query 

?- first_last([], F, L). 

Output 

false. 

 

14.3 Count Elements in a List  

Use pattern matching to recursively count elements in a list. 

 

Rule 

count([], 0). 

count([_ | T], N) :- 

    count(T, N1), 

    N is N1 + 1. 

 

Sample Test Case 1 

Input Query:  

?- count([1,2,3], N). 

Output 

N = 3. 

 

Sample Test Case 2 

Input Query 

?- count([], N). 

Output 

N = 0. 

 

Sample Test Case 3 

Input Query:  

?- count([a,b,c,d,e], N). 

Output 

N = 5. 
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Sample Test Case 4 

Input Query:  

?- count([hello], N). 

Output 

N = 1. 

Sample Test Case 5 

Input Query 

?- count([x,y,z,10,20], N). 

Output 

N = 5. 

 

14.4 Pattern Matching on Coordinates  

Define points in 2D space as structures point(X,Y) and write a rule using pattern matching to find the 

distance of a point from the origin (0,0). 

 

Facts 

point(a, point(3,4)). 

point(b, point(0,5)). 

point(c, point(6,8)). 

point(d, point(1,1)). 

point(e, point(10,0)). 

 

Rule using Structure Pattern Matching 

distance_from_origin(Name, D) :- 

    point(Name, point(X, Y)), 

    D is sqrt(X*X + Y*Y). 

 

Sample Test Case 1 

Input Query:  

?- distance_from_origin(a, D). 

Output 

D = 5.0. 

 

Sample Test Case 2 

Input Query 

?- distance_from_origin(b, D). 
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Output 

D = 5.0. 

 

Sample Test Case 3 

Input Query:  

?- distance_from_origin(c, D). 

Output 

D = 10.0. 

Sample Test Case 4 

Input Query:  

?- distance_from_origin(d, D). 

Output 

D = 1.4142135623730951. 

 

Sample Test Case 5 

Input Query 

?- distance_from_origin(x, D). 

Output 

false.   % no matching pattern 

 

14.5 Split List into Even and Odd Indexed Elements  

Write a Prolog program that splits a list into two lists: 

• One list contains elements at even positions 

• The other contains elements at odd positions 

This must be done using pattern matching with head-tail decomposition [H|T]. 

For example: 

Input: [a,b,c,d,e] 

Output: 

• Odd index list = [a,c,e] 

• Even index list = [b,d] 

Indexing starts from 1 (odd). 

 

Rules – Uses Pattern Matching in List Destructuring 

split_list([], [], []). 

split_list([H], [H], []).  % only one element (odd index) 

split_list([H1, H2 | T], [H1 | Odd], [H2 | Even]) :- 
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    split_list(T, Odd, Even). 

 

Sample Test Case 1 

Input Query:  

?- split_list([a,b,c,d,e], Odd, Even). 

Output 

Odd = [a, c, e], 

Even = [b, d]. 

 

Sample Test Case 2 

Input Query 

?- split_list([1,2,3,4], Odd, Even). 

Output 

Odd = [1, 3], 

Even = [2, 4]. 

 

Sample Test Case 3 

Input Query:  

?- split_list([x], Odd, Even). 

Output 

Odd = [x], 

Even = []. 

 

Sample Test Case 4 

Input Query:  

?- split_list([], Odd, Even). 

Output 

Odd = [], 

Even = []. 

 

Sample Test Case 5 

Input Query 

?- split_list([p,q,r], Odd, Even). 

Output 

Odd = [p, r], 

Even = [q]. 
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SWI PROLOG INSTALLATION ON WINDOWS  
 

SWI Prolog 

SWI Prolog is computer software that is used to run programs written in Prolog language. It is 

developed by Jan Wielemaker. It is free software written in C language and can be run on different 

platforms like Linux, Unix, windows, mac, etc. SWI stands for Social-Wetenschappelijke 

Informatica which means "Social Science Informatics", it is actually the name of group at 

University of Amsterdam where Jan Wielemaker worked as an employee. Its initial release was in 

1987 and its first stable release was in 2021. In this software facts for any logical program can 

be written using conditional representation and after the compilation, the program can be tested 

for success or failure.  

Installing SWI Prolog on Windows 

1. Visit swi-prolog.org website using any web browser  

https://www.swi-prolog.org/Download.html 

https://www.swi-prolog.org/Download.html
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2. Click on Download which is adjacent to Home, dropdown list will appear then click on SWI -

Prolog. 

 

3. After clicking on stable release new webpage will open which will contain stable versions of 

prolog for different platforms. Under binaries there are two stable releases for windows, first is 

SWI-Prolog 8.4.0-1 for Microsoft Windows (64 bit) and the other is SWI-Prolog 8.4.0-1 for 

Microsoft Windows (32 bit). Click on the one as per your system configuration.  
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4. Download and setup screen will appear, click on Next. 
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5. Click I Agree on License Agreement, then click next option for Install Options, Choose Install 

Location, Choose Start Menu Folder, Choose Components, Installing and finally click on Finish after the 

installation process is complete. 

 

6. SWI Prolog is successfully installed on the system and an icon is created on the desktop. 

 

7. Run the software and see the interface. 
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