
UNIT - V 
Explain how the type of terms are tested in prolog: 

 

In Prolog, terms can be of different types, such as variables, integers, and atoms. Variables 

can be either instantiated (assigned a value) or uninstantiated. When performing operations 

like arithmetic, it is crucial to check the type of variables beforehand to avoid errors. 

Prolog provides built-in predicates to test term types: 

 var(X) – True if X is an uninstantiated variable. 

 nonvar(X) – True if X is instantiated or any term other than a variable. 

 atom(X) – True if X is an atom. 

 integer(X) – True if X is an integer. 

 atomic(X) – True if X is an integer or an atom. 

These predicates help ensure correct operations, as shown in example queries demonstrating 

their behavior. 
---------------------------------- 

 
What is Constructing and decomposing terms? 

 

Prolog provides three built-in predicates for constructing and decomposing terms: functor, 

arg, and =.. (univ). The =.. operator converts a term into a list where the first element is the 

functor, followed by its arguments. It also works in reverse to construct terms from lists.  

For example: 

 f(a, b) =.. L results in L = [f, a, b] 

 T =.. [rectangle, 3, 5] results in T = rectangle(3, 5) 

Application: Manipulating Geometric Figures 

Geometric figures can be represented as Prolog terms, e.g.: 

 square(Side), circle(R), rectangle(A, B). 

An enlarge/3 predicate can be used to scale figures by a factor. A direct approach defines 

specific rules for each figure type, e.g.: 

enlarge(square(A), F, square(A1)) :- A1 is F * A. 

enlarge(circle(R), F, circle(R1)) :- R1 is F * R. 

enlarge(rectangle(A, B), F, rectangle(A1, B1)) :-  

    A1 is F * A, B1 is F * B. 

This approach is repetitive. A more general method using =.. can dynamically extract the 

functor and arguments, modify them, and reconstruct the term. 

----------------------- 
 
Explain Various kinds of equality: 

 

Prolog provides multiple ways to compare terms: 

1. Matching (=) 

o X = Y is true if X and Y match (i.e., can be unified). 

o Example: 

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

o X = b. 

2. Arithmetic Assignment (is) 

o X is E assigns X the result of evaluating arithmetic expression E. 

o Example: 

o ?- X is 2 + 3. 

o X = 5. 

3. Arithmetic Equality (=:= and =\=) 



o E1 =:= E2 is true if the values of E1 and E2 are numerically equal. 

o E1 =\= E2 is true if E1 and E2 are numerically different. 

o Example: 

o ?- 5 =:= 2 + 3. 

o yes. 

4. Strict Identity (== and \==) 

o T1 == T2 is true if T1 and T2 are identical, meaning they have the exact same 

structure, values, and variable names. 

o T1 \== T2 is true if T1 and T2 are not identical. 

o Example: 

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

o no. 

o ?- X \== Y. 

o yes. 

These different forms of equality help control logic, especially when distinguishing between 

unification, arithmetic evaluation, and strict term identity. 

-------------------------------- 
 
What are different Control facilities? 

 

Prolog provides several built-in control mechanisms: 

1. Cut (!) – Prevents backtracking beyond the point where it appears. 

2. Fail (fail) – Always fails when executed. 

3. True (true) – Always succeeds when executed. 

4. Negation (not(P)) – Fails if P succeeds and succeeds if P fails. Defined as: 

5. not(P) :- P, !, fail; true. 

6. Call (call(P)) – Invokes a goal P. Succeeds if P succeeds. 

7. Repeat (repeat) – Always succeeds and generates an alternative execution path upon 

backtracking. It behaves like: 

8. repeat. 

9. repeat :- repeat. 

Example: Using repeat in dosquares 

A common use of repeat is in loops, such as reading numbers and printing their squares until 

a stop condition is met: 

dosquares :- 

    repeat, 

    read(X), 

    ( X = stop, ! ;   

      Y is X * X,   

      write(Y), fail). 

Here, repeat allows continuous reading of numbers. When stop is encountered, the cut (!) 

prevents further backtracking, ending the loop. 

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

Explain use of bagof, setof and findall: 

 

Prolog provides three built-in predicates to collect multiple solutions into a list: 

1. bagof(X, P, L) 

 Collects all values of X that satisfy P into L, preserving duplicates. 

 If P contains an unbound variable, results are grouped by its different values. 



Example (classifying letters) 

class(a, vow). 

class(b, con). 

class(c, con). 

class(d, con). 

class(e, vow). 

class(f, con). 

Using bagof/3: 

?- bagof(Letter, class(Letter, con), Letters). 

Letters = [b, c, d, f]. 

If we allow Class to be a free variable: 

?- bagof(Letter, class(Letter, Class), Letters). 

Class = vow, Letters = [a, e]; 

Class = con, Letters = [b, c, d, f]. 

This groups the results into separate lists based on Class (vow and con). 

 

2. setof(X, P, L) 

 Works like bagof, but removes duplicates and sorts the results. 

 Sorting is based on Prolog’s standard ordering (alphabetical for atoms, numeric for 

numbers). 

Example: Sorting results 

?- setof(Class/Letter, class(Letter, Class), List). 

List = [con/b, con/c, con/d, con/f, vow/a, vow/e]. 

This ensures that con comes before vow (alphabetical order) and the letters are sorted within 

each category. 

 

3. findall(X, P, L) 

 Collects all values of X into a single list, ignoring free variables in P. 

 Unlike bagof, it does not separate results by other variables. 

Example: Collecting all letters 

?- findall(Letter, class(Letter, Class), Letters). 

Letters = [a, b, c, d, e, f]. 

Unlike bagof, findall does not create separate lists for vowels and consonants. It just puts 

everything into one list, ignoring Class. 

 

Key Differences 

Predicate Groups by Unbound Vars? Removes Duplicates? Sorts List? 

bagof/3 ✅ Yes ❌ No ❌ No 

setof/3 ✅ Yes ✅ Yes ✅ Yes 

findall/3 ❌ No ❌ No ❌ No 

 

Conclusion 

 Use bagof/3 if you want grouped lists based on a free variable. 

 Use setof/3 if you want a sorted, duplicate-free list. 

 Use findall/3 if you just want all results in one list, ignoring extra variables. 

 

 

 
What are General principles of good programming? 



A good program should follow several key principles: 

1. Correctness 

o The most important criterion: a program should do exactly what it is supposed 

to do. 

o Many programmers focus too much on efficiency while neglecting 

correctness. 

2. Efficiency 
o A good program should use computer time and memory wisely. 

o Avoid unnecessary computations or excessive memory usage. 

3. Transparency & Readability 
o The program should be easy to read and understand. 

o Avoid complex, obscure tricks that make the code harder to follow. 

o A well-organized structure and clear layout improve readability. 

4. Modifiability 

o The program should be easy to modify and extend. 

o A modular design helps with future improvements and debugging. 

5. Robustness 

o The program should handle errors gracefully instead of crashing when 

unexpected input is given. 

o It should detect and report errors instead of behaving unpredictably. 

6. Documentation 

o Proper documentation is essential, including code comments and clear 

explanations of functionality. 

o Even a well-written program needs documentation for maintenance and 

collaboration. 

By following these principles, programmers can write reliable, efficient, and maintainable 

code.  

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

 

How to think about Prolog programs: 

Prolog allows for two different ways of thinking about programs: 

1. Declarative thinking (focusing on what should be true) 

2. Procedural thinking (focusing on how the program executes) 

The best approach depends on the problem. Declarative solutions are easier to write but may 

be inefficient, while procedural solutions optimize execution. 

 

1. Use of Recursion 

A common Prolog strategy is to divide problems into: 

 Base cases (trivial cases, stopping conditions) 

 Recursive cases (where the solution is built from smaller instances of the same 

problem) 

For example, processing a list where each item is transformed: 

maplist([], _, []). 

maplist([X | Tail], F, [NewX | NewTail]) :- 

    G =.. [F, X, NewX], 

    call(G), 

    maplist(Tail, F, NewTail). 



This structure is effective because Prolog's data structures (like lists and trees) naturally 

follow a recursive format. 

 

2. Generalization 

A problem can often be solved more easily by generalizing it. Instead of solving a specific 

case, we extend the problem to a broader version, then solve the original case as a special 

instance. 

For example, in the eight queens problem, instead of defining: 

eightqueens(Pos) 

We generalize it to work with any N: 

nqueens(Pos, N). 

This makes recursion more natural: 

1. Base case: If N = 0, placement is trivially correct. 

2. Recursive case: Place N-1 queens safely, then add the last one. 

The original problem then becomes a simple call: 

eightqueens(Pos) :- nqueens(Pos, 8). 

 

3. Using Pictures 

Visualization can help understand problems better and find solutions. 

Prolog is particularly well-suited for graph-based problems where: 

 Objects and relationships can be drawn as graphs 

 Data structures (like lists and trees) naturally look like diagrams 

By drawing a graph or tree, it’s easier to see patterns, which can then be translated into 

Prolog facts and rules. 

 

Key Takeaways : 

Use recursion to simplify problems into smaller cases. 

Generalize problems to make recursive solutions more natural. 

Draw pictures to find patterns and relationships before coding. 

This structured approach makes Prolog programming more intuitive and efficient. 

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

What are the Programming style to be followed? 

1. Keep Clauses and Procedures Short 
o Avoid long clauses; keep bodies concise. 

o Long procedures are acceptable if they follow a uniform structure. 

2. Use Meaningful Names 
o Choose descriptive predicate and variable names. 

3. Organize Code Layout for Readability 
o Use indentation, blank lines, and spacing consistently. 

o Keep related clauses together. 

4. Use Cut (!) Wisely 

o Prefer "green" cuts (don't change logic). 

o Avoid "red" cuts (can alter program behavior unexpectedly). 

5. Minimize assert and retract 

o Modifying the knowledge base can make the program unpredictable. 

o Restore previous states if using them. 

6. Be Careful with not/1 and ; (OR Operator) 

o not/1 can lead to unexpected behavior due to failure-driven logic. 



o Avoid complex ; expressions—split into multiple clauses if necessary. 

7. Prioritize Clarity Over Cleverness 

o Avoid tricky constructs that make debugging harder. 

o Write clean, understandable, and maintainable code. 

Explain how the Debugging can be done: 

 

1. Start with Small Units 
o Test smaller units or modules first before moving to larger ones to identify the 

source of errors. 

2. Interactive Debugging 
o Prolog allows you to directly invoke any part of the program for testing 

through interactive queries. 

3. Debugging Aids in Prolog 
o Prolog implementations provide special debugging tools, making debugging 

more efficient compared to many other languages. 

4. Tracing 
o Tracing means displaying information about a goal’s satisfaction during 

execution. 

o Entry information: Predicate name and argument values at invocation. 

o Exit information: Argument values upon success or failure indication. 

o Re-entry information: Displays if the same goal is invoked again due to 

backtracking. 

o Tracing provides details about subgoals until facts are encountered. 

5. Selective Tracing 
o Tracing may generate excessive information; thus, it can be selectively 

controlled by: 

 Suppressing tracing beyond a certain depth. 

 Tracing only specific predicates rather than all goals. 

6. Common Debugging Predicates 

o trace: Activates exhaustive tracing. 

o notrace: Stops further tracing. 

o spy(P): Enables tracing for a specific predicate P. 

o nospy(P): Stops tracing for a specific predicate P. 

o Selective tracing can also be done for specific predicates, reducing clutter 

from other goals. 

7. Advanced Debugging Commands 
o You can suppress tracing beyond a certain depth or return to previous 

points of execution to adjust the level of detail as needed. 

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

 

What re the ways to improve Efficiency: 

1. Aspects of Efficiency 
o Execution time and space requirements are the most common aspects. 

o Another important factor is program development time, as Prolog programs 

generally take less time to develop, debug, and maintain. 



2. Suitability of Prolog 
o Prolog’s execution style, which satisfies a list of goals, may face limitations on 

traditional computer architectures. 

o Time efficiency differences between Prolog and other languages (e.g., Fortran) 

might be significant only in long-running applications, not short tasks. 

3. Development Time Advantage 
o Prolog reduces program development time compared to other languages, 

especially for tasks involving symbolic processing, structured data, and 

relations. 

o It is well-suited for areas like symbolic equation solving, planning, 

databases, machine learning, natural language understanding, expert 

systems, and other AI-related fields. 

o However, numerical mathematics is not a strong suit for Prolog. 

4. Execution Efficiency 

o Compiled Prolog programs are more efficient than interpreted ones, so 

compilers should be used for critical efficiency. 

o To improve performance, it’s often necessary to optimize the algorithm or 

change the ordering of clauses and goals. 

5. Improving Algorithm Efficiency 
o Efficiency improvements typically come from: 

 Better search efficiency by reducing unnecessary backtracking and 

stopping useless alternatives early. 

 Using better data structures for more efficient operations on objects. 

6. Using Cuts for Efficiency 
o Cuts can help guide the Prolog system to improve performance by limiting 

unnecessary search and backtracking. 

7. Improving Efficiency with Results Caching 
o Caching intermediate results as facts in the database can reduce redundant 

computations, leading to faster execution. When needed results are already 

known, they are retrieved directly instead of recalculated. 

 

 


