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Motivation for Learning Prolog

● Follow prolog news: http://www.swi-prolog.org/news
● SWI-Prolog Used For Satellite Anomaly Detection 
● Fast cars and Prolog
● Playing with Prolog 
● And Many More !!!!!!!

http://www.swi-prolog.org/news
http://www.swi-prolog.org/news/3097279a-e193-11e6-9f03-00163e986a2a
http://www.swi-prolog.org/news/3097279a-e193-11e6-9f03-00163e986a2a
http://www.swi-prolog.org/news/a59b707a-f38e-11e6-8eb5-00163e986a2a
http://www.swi-prolog.org/news/a59b707a-f38e-11e6-8eb5-00163e986a2a
http://www.swi-prolog.org/news/d6e6d06a-f64b-11e6-b25d-00163e986a2a
http://www.swi-prolog.org/news/d6e6d06a-f64b-11e6-b25d-00163e986a2a
http://www.swi-prolog.org/news/d6e6d06a-f64b-11e6-b25d-00163e986a2a


Prolog

● Based on first-order predicate logic
● Very different from other programming languages

○ A declarative language (not procedural)
○ Recursion (no for or while loop)
○ Rules ( no functions)

● Useful in many AI applications (knowledge representation, inference) 



A little background

● Developed at the University of Marseilles (France) in 1972
● First implementation was in FORTRAN and written by Alain Colmeraurer
● Originally intended as a tool for working with natural languages
● Achieved great popularity in Europe in the late 1970s
● Was picked by Japan in 1981 as a core technology for their "fifth generation" project



The Basics
● Describe the situation of interest (using facts and rules) 
● Ask a question (query)
● Prolog: 

○ logically deduces new facts about the situation we described (closed world assumption)
○ gives us its deductions back as answers 



The Basics
● Facts (Represents a piece of knowledge that the Prolog programmer deems to be 

useful)

● query /goal (Lets the Prolog interpreter derive the solution for us)

bigger(elephant, horse). 
bigger(horse, donkey). 
bigger(donkey, dog). 
bigger(donkey, monkey).

?- bigger(donkey, dog).
Yes
?- bigger(elephant, monkey).
No

● Closed world assumption
● Need rules for deducing 

transitivity



Closed World Assumption
● Answering Yes to a query means not only the query is true, but that it is provably true
● Answering No doesn’t mean that the query is necessarily false, just not provably true
● This attitude of negating everything that is not explicitly in the program (or can be 

concluded from the information provided by the program) is often referred to as the 
closed world assumption

● Prolog clauses only give sufficient, not necessary condition for a predicate to hold
● If we can completely specify a certain problem, i.e. when we can be sure that for 

every case where there is a positive solution Prolog has all the data to be able to 
construct the respective proof, then the notions of not provable and false coincide. A 
No then really mean no



The Basics
● Rules

○ Use headed horn clause
○ if-then relationship
○ Right side of rule is called antecedent (if) and left part is 

called consequent (then)
○ Comma indicates conjunction relation
○ Disjunctions are stated by alternative rules

bigger(elephant, horse). 
bigger(horse, donkey). 
bigger(donkey, dog). 
bigger(donkey, monkey).

is_bigger(X, Y) :- bigger(X, Y). 
is_bigger(X, Y) :- bigger(X, Z), 

is_bigger (Z,Y).

?- is_bigger(elephant, monkey).
Yes



Prolog Syntax
● Atoms are usually strings made up of lower- and uppercase letters, digits, and the 

underscore, starting with a lowercase letter. Examples: elephant, abcXYZ, x_123
● Variables are strings of letters, digits, and the underscore, starting with a capital 

letter or an underscore. Examples: X, Elephant, _4711, MyVariable, _
● Numbers are a sequence of digits, optionally preceded by a - (minus). Some also 

support floats. 
● Compound terms are made up of a functor (a Prolog atom) and a number of 

arguments (Prolog terms, i.e., atoms, numbers, variables, or other compound terms) 
enclosed in parentheses and separated by commas. Example: is_bigger(horse, X), 
f(g(X, _), 7)



Prolog Syntax
● Facts and rules are also called clauses
● A fact is a predicate followed by a full stop
● A rule consists of a head (a predicate) and a body. 

Head and body are separated by the sign :- and, it is 
terminated by a full stop

● A Prolog program is a sequence of clauses
● A query has the same structure as the body of a rule

bigger(elephant, horse). 
bigger(horse, donkey). 
bigger(donkey, dog). 
bigger(donkey, monkey).

is_bigger(X, Y) :- bigger(X, Y). 
is_bigger(X, Y) :- bigger(X, Z), 

is_bigger (Z,Y).

?- is_bigger(elephant, monkey).
Yes
?- bigger (elephant, X).
X = horse



Prolog Syntax (Arity)
● The number of arguments a complex term has is 

called its arity
● Examples: is_bigger has arity 2, bigger has arity 1
● Two predicates with the same functor but with 

different arity is possible
● In Prolog documentation, arity of a predicate is 

usually indicated with the suffix "/" followed by a 
number to indicate the arity. For example: is_bigger/2, 
male/1, female/1, brother/2

bigger(elephant, horse). 
bigger(horse, donkey). 
bigger(donkey, dog). 
bigger(donkey, monkey).

is_bigger(X, Y) :- bigger(X, Y). 
is_bigger(X, Y) :- bigger(X, Z), 

is_bigger (Z,Y).



Prolog Syntax (Commonly Used Operators)
● >, <, >=, <=
● +, - 
● \=, \+, //, =:= 



Simple arithmetic in Prolog
● Prolog allows a more abbreviated syntax for 

arithmetic with the is operator. Example: A is 
B/17 + C

● In the previous example, B has to be 
instantiated for A to return a value, otherwise, 
it will return false

● Operators available: >, <,, =< (less than or 
equal), >= (greater than or equal), =\= 
(non-equal), and =:= (arithmetically equal) 
are available.

speed (ford, 100).
speed (chevy, 105).
speed (dodge, 95).
speed (volvo, 80).

time(ford, 20).
time(chevy, 21).
time(dodge, 24).
time(volvo, 24).

distance(X, Y):- speed(X, Speed),
 time (X, Time), 
 Y is Speed * Time.



Board Exercise 1 female(mary). 
female(sandra). 
female(juliet). 
female(lisa). 
male(peter). 
male(paul). 
male(dick). 
male(bob). 
male(harry). 
parent(bob, lisa). 
parent(bob, paul). 
parent(bob, mary). parent(juliet, 
lisa). 
parent(juliet, paul). 
parent(juliet, mary). 
parent(peter, harry). 
parent(lisa, harry). 
parent(mary, dick). 
parent(mary, sandra).

● X is the brother of Y, if they have a parent Z in common and if 
X is male and if X and Y don’t represent the same person. In 
prolog, brother relation can be defined as follows:

○ brother(X, Y) :- parent(Z, X), parent(Z, Y), male(X), X 
\= Y.

○ X \=Y indicates  X and Y are not the same person

● Define new Rules (in terms of rules using male/1, female/1 and 
parent/2) for the following family relations: (a) father (b) sister 
(c) grandmother (d) cousin



How Prolog works? (Proving Theorems)
● Uses unification, instantiation, resolution, and backtracking
● Unification is the process of determining useful values for variables 
● Instantiation is the process to instantiate a variable with a value
● Resolution is an inference rule that allows inferred propositions to be computed from 

given propositions
● Prolog is refutation complete
● Refutation completeness means that given a set of inconsistent propositions, 

resolution can prove them to be inconsistent



List Manipulation in Prolog
● Lists are contained in square brackets with the elements being separated by commas. 

Example: [elephant, horse, donkey, dog]
● The empty list is written as []
● The following is another example for a (slightly more complex) list:

                           [elephant, [], X, parent(X, tom), [a, b, c], f(22)]



List Manipulation in Prolog
● | (bar) addresses head and tail of a list
● Example: Concatenation of two lists.

?- [1, 2, 3, 4, 5] = [Head | Tail]. 

Head = 1 
Tail = [2, 3, 4, 5] 
Yes

?- [quod, licet, jovi, non, licet, bovi] = [ _, X | _ ] . 

X = licet 
Yes

concat_lists([], List, List).

concat_lists([Elem | List1], List2, [Elem | List3]) :- concat_lists(List1, List2, List3).



List Manipulation in Prolog (Query Types)
?- concat_lists(X, Y, [a, b, c, d]). 

X = [] Y = [a, b, c, d] ; 

X = [a] Y = [b, c, d] ; 

X = [a, b] Y = [c, d] ; 

X = [a, b, c] Y = [d] ; 

X = [a, b, c, d] Y = [] ; 

No

? - concate_lists ([a, b], [c, d], X)
X = [a, b, c, d]
Yes

Given two lists, provide a concatenated list in 
variable, X

Provide me all possible 
combination of a pair of list that 
can produce concatenated list 
[a,b,c,d]



List Manipulation (More Examples)
member (Element, [Element|_]).

member (Element, [_|List]) :- member (Element, List).

append ( [], List, List).

append ([Head| List_1], List_2, [Head| List_3]):- append(List_1, List_2, List_3).

nrev ( [], []).

nrev ([Head|Tail], List):- nrev (Tail, List), append(Tail, [Head], List).



List Manipulation (More Examples)
suffix(Xs, Ys) :-
    append( _, Ys, Xs).

prefix(Xs, Ys) :-
    append(Ys, _, Xs).

sublist(Xs, Ys) :-
    suffix(Xs, Zs),
    prefix(Zs, Ys).

?- sublist([a, b, c, d, e], [c, d]).
Yes



Backtracking
● During proof search, Prolog keeps track of 

choice-points, i.e. situations where there is more 
than one possible match

● Either the chosen path ultimately turns out to be 
a failure or if the user asks for alternative 
solutions, the system can jump back to the last 
choicepoint and try the next alternative

?- concat_lists(X, Y, [a, b, c, 
d]). 

X = [] Y = [a, b, c, d] ; 

X = [a] Y = [b, c, d] ; 

X = [a, b] Y = [c, d] ; 

X = [a, b, c] Y = [d] ; 

X = [a, b, c, d] Y = [] ; 

No



Issues with Backtracking
● In some cases, backtracking is not desirable- 

when requesting alternative solution things 
will start going wrong

● Example:

remove_duplicates ([], []).
remove_duplicates ([Head|Tail], Result):-

member (Head, Tail),
remove_duplicates(Tail, Result).

Remove_duplicates ([Head|Tail], [Head|Result]):-
remove_duplicates(Tail, Result).

?- remove_duplicates ([a, b, b, c, a], List).

List = [b, c, a]

List = [b, b, c, a]

List = [ a, b, c, a]

List = [a, b, b, c, a]

No



Issues with Backtracking
● For the first branch of the search tree 

Prolog will always pick the first rule, 
if that is possible i.e. whenever the 
head is a member of the tail it will be 
discarded

● However, prolog will also try to 
match with second rule (either for 
failure or for finding alternative 
solution) and in that case duplicate 
head will remain in the list

remove_duplicates ([], []).
remove_duplicates ([Head|Tail], Result):-

member (Head, Tail),
remove_duplicates(Tail, Result).

Remove_duplicates ([Head|Tail], [Head|Result]):-
remove_duplicates(Tail, Result).

?- remove_duplicates ([a, b, b, c, a], List).

List = [b, c, a]

List = [b, b, c, a]

List = [ a, b, c, a]

List = [a, b, b, c, a]

No



Cuts
remove_duplicates ([], []).
remove_duplicates ([Head|Tail], Result):-

member (Head, Tail), !, 
remove_duplicates(Tail, Result).

remove_duplicates ([Head|Tail], [Head|Result]):-
remove_duplicates(Tail, Result).

● It is possible to explicitly “cut out” 
backtracking choice-points, thereby 
guiding the proof search and prohibiting 
unwanted alternative solutions to a query

● Written as !. It  has no arguments, so we 
write (officially): !/0

● Predefined predicate and can be placed 
anywhere inside a rule’s body

● Can be a part of a sequence of subgoals in 
a query

● ! (cut) as a subgoal will always succeed 
but backtracking into subgoals placed 
before the cut inside the same rule body is 
not possible anymore

?- remove_duplicates ([a, b, b, c, a], List). 

List = [b, c, a] ;

No



Cuts
● Cut is a goal that always succeeds 
● The cut commits Prolog to the choices that were made since the parent goal was 

called 
● The cut only commits us to choices made since the parent goal was unified with the 

left-hand side of the clause containing the cut
● For example, in a rule of the form: q:- p1, … , pm, !, r1, … , rn. when we reach the 

cut it commits us:
○ to this particular clause of q 
○ to the choices made by p1, … , pm 
○ NOT to choices made by r1, … , rn



Cuts
● Consider the following predicate max/3 that 

succeeds if the third argument is the maximum 
of the first two

● What is the problem? 
● There is a potential inefficiency: 

○ Suppose it is called with ?- max(3,4,Y). 
○ It will correctly unify Y with 4 
○ But when asked for more solutions, it will try to satisfy 

the second clause. This is completely pointless! 

● With the help of cut this is easy to fix

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

?- max (2, 3, 3) .
3 
Yes

?- max(7, 3, 7) 
7 
Yes

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



Cuts
● How this works: 

○ If the X =< Y succeeds, the cut commits us to this choice, 
and the second clause of max/3 is not considered 

○ If the X =< Y fails, Prolog goes on to the second clause

● How about the following two:

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

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

?- max(200, 300, 200).
Yes

max(X,Y,Z):- X =< Y, !, Y=Z. 
max(X,Y,X). 

?- max(200,300,200). 
No 

Unification after 
crossing out



Cuts (More examples)
● The prince is primarily looking for a beautiful girl. 

But, to be eligible for the job of a prince’s wife, 
she’d also have to be intelligent

● The prince is young and very romantic. Therefore, 
he will fail in love with the first beautiful girl he 
comes across, love her for ever, and never ever 
consider any other woman as a potential wife again

beautiful (claudia).
beautiful (sharon).
beautiful (denise).

intelligent (margaret).
intelligent (sharon).

bride (Girl):-
beautiful (Girl), !,
intelligent (Girl).

?- bride (X).



Cuts (More examples)
add (Element, List, List):-

member (Element, List), !.

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

?- add (elephant, [dog, donkey, rabbit], List).
List = [elephant, dog, donkey, rabbit];
No

?- add (donkey, [dog, donkey, rabbit], List)
List = [dog, donkey, rabbit];
No

add (Element, List, Result):-
member (Element, List), !, Result = List.

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

?- add (a, [a, b, c, d], [a, a, b, c, d]).
Yes



Negation as Failure
● Sometimes we might not want to ask 

whether a certain goal succeeds, but 
whether it fails. Example: single person 
(not married)

● \+ is used for negating goals
● \+ can be applied to any valid prolog goal
● Defined as the failure to provide a proof
● Facts and rule-heads are not goals. 

Hence, it is not possible to negate a fact 
or the head of the rule

married (peter, lucy)
married (paul, mary)
married (bob, juliet)
married (harry, geraldine)

single (Person) :-
\+ married(Person, -), 
\+ married(_, Person).

?- single(mary).
No 

?- single(claudia).
Yes



The Negation Problem 
● Negation operator in prolog is not equivalent to a logical NOT operator
● Example: \+ ( \+ (member (X, [mary, fred, barb])))
● In the above example, first, the inner goal would succeed and X will be instantiated 

to mary, then, Prolog will try to satisfy the next goal  \+ (member (X, [mary, fred, 
barb])). The statement would fail because member succeeded. 

● When the goal failed, X would be un-instantiated, because prolog always 
un-instantiates all variables in all goals that fail.

● Next, Prolog would attempt to satisfy the outer not goal, which would succeed, 
because its argument had failed

● Finally, the result, which is X, would be printed. But X would not be currently 
instantiated, so the system would indicate that



Evaluating Logic Formulas
?- true and true.
Yes
?- true and false.
No

and (A, B) :- call (A), call (B).
or (A, B) :- call(A); call(B).
neg(A) :- \+ call(A)

implies(A, B) :- call(A), !, call(B).
implies(-, -).

neg(A) :- call(A), !, fail.
neg(_).



Finding all answers

● bagof(Things, GoalCondition, Bag)
● setof(Things, GoalCondition, Bag)
● findall(Things,GoalCondition, Bag)



Finding all answers
p(1,3,5).
p(2,4,1).
p(3,5,2).
p(4,3,1).
p(5,2,4).

?- bagof(Z,p(X,Y,Z),Bag).
Z = _G182 X = 1 Y = 3 Bag = [5] ;
Z = _G182 X = 2 Y = 4 Bag = [1] ;
Z = _G182 X = 3 Y = 5 Bag = [2] ;
Z = _G182 X = 4 Y = 3 Bag = [1] ;
Z = _G182 X = 5 Y = 2 Bag = [4] ;
No

?- findall(Z,p(X,Y,Z),Bag).
Z = _G182 X = _G180 Y = _G181 Bag = [5, 
1, 2, 1, 4] ;
No

?- bagof(Z,X^Y^p(X,Y,Z),Bag).
Z = _G182 X = _G180 Y = _G181 Bag = [5, 
1, 2, 1, 4] ;
No

?- setof(Z,X^Y^p(X,Y,Z),Bag).
Z = _G182 X = _G180 Y = _G181 Bag = [1, 
2, 4, 5] ;
No



Finding all answers

age(harry,13). 
age(draco,14). 
age(ron,13). 
age(hermione,13). 
age(dumbledore,60). 
age(hagrid,30).

Now suppose we want a list of everyone whose age is 
recorded in the database.
?-  findall(X,age(X,Y),Out).    
   X  =  _8443 
   Y  =  _8448 
   Out  =  [harry,draco,ron,hermione,dumbledore,hagrid]

But maybe we would like the list to be ordered. We can 
achieve this with the following query:
?-  setof(X,Y^age(X,Y),Out).

 X  =  _8711 
 Y  =  _8715 
 Out  =  [draco,dumbledore,hagrid,harry,hermione,ron]



Finding all answers (contd..)
has_duplicates(Old) :-
    setof(X, member(X, Old), New),
    length(Old, N),
    not(length(New, N)).

occurrences(Term, List, NumberLength):-
        bagof(true, member(Term,List), Number),

length(Number,Leng),
NumberLength is Leng.

factor( N , Fs ) :-
  integer(N) ,
  N > 0 , 
  setof(F, (between(1,N,F), N mod F =:= 0 ) , Fs ).
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