Prolog is a programming language for symbolic, non-numeric
computation. It is specially well suited for solving problems 
that involve objects and relations between objects.

Programming in prolog consists of
-declaring some "facts" about objects and their relationships.
-defining "rules" about objects and their relationships
-asking "questions" about objects and their relationships

facts:
------
parent(tom,bob).
tom is a parent of bob

-the names of all relatinships and objects must begin with
a lower case letter.
-the relationship is written first and the objects are
written separated by commas and the objects are enclosed
by a pair of round brackets.
-the full stop character '.' must come at the end of the
fact.

parent(pam,bob).
parent(tom,bob).
parent(tom,liz).
parent(bob,ann).
parent(bob,pat).
parent(pat,jim).

 pam   tom
   \   / \
    bob  liz
    / \  
  ann pat
      /
     jim


questions:
----------
?-parent(bob,pat).
yes
(having found this as an asserted fact in the program)

?-parent(liz,pat).
no


variables:  (start with upper case letters or underscore charecter)
----------
?-parent(X,liz).
(who is liz's parent)

X=tom

?-parent(bob,X).
x=ann
(to request other solution press ';' otherwise press enter)
;
X=pat
;
no

conjunctions:
-------------
?-parent(Y,jim),parent(X,Y).
X=bob
Y=pat

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

female(pam).
male(tom).
male(bob).
female(liz).
female(pat).
female(ann).
male(jim).

mother(X,Y):-parent(X,Y),female(X).

sister(X,Y):-parent(Z,X),parent(Z,Y),female(X).


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

hasachild(X):-parent(X,Y).
hasachild(X):-parent(X,_).
_ : anonymous variable.


Matching:
--------
given two terms, we sat that they match if
1) they are identical
2) the variables in both terms can be instantiated to objects in such
a way that after the substitution of variables by these objects the 
terms become identical.

date(D,M,1983) and date(D1,may,Y1) match with the following instantiations.
D=D1
M=may
Y1=1983
but
date(D,M,1983) and date(D1,M1,1444) do not match

the general rules to decide whether two terms S and T match are
as follows:
1) if S and T are constants then S and T match only if they are same object.
2) if S is a variable and T is anything, then they match, and S is
instantiated to T.Conversely, if T is a variable then T is instantiated
to S.
3) if S and T are structures then they match only if
  (a) S and T have the same principal functor
  (b) all their corresponding components match

  the resulting instantiation is determined by the matching of
the components.


date(D,M,1983)=date(D1,may,Y1).

do_nothing(X,Y):-X=Y.
do_nothing(X,X).

X=Y
X\=Y
X<Y
X>Y
X=<Y
X>=Y


sum(5).  
sum(X+Y).

?-sum(2+3).

?- X is 2+3.


DATA STRUCTURES
----------------

structures and trees:
----------------------

book(moby_dick,author(herman,melville))

          book
        /     \
  moby_dick  author
             /   \
         herman melville

sentence(noun(john),verb_phrase(verb(likes),noun(marry)))

            sentence
            /      \
          noun    verb_phrase
           |       /       \
          john    verb     noun
                   |        |
                  likes     marry


lists:
------

[a]
.(a,[])
    
     .
    / \
   a  []

[a,b,c]
.(a,.(b,.(c,[])))

[Head | Tail]

[a,b,c] = [a | [b,c]] = [a,b | [c]] = [a,b,c | []]


[cat] = [X|Y]  X=cat Y=[]
[X,Y|Z] = [mary,likes,wine]  X=mary Y=likes Z=[wine]
[[the,Y]|Z]=[[X,here],[is,here]]  X=the Y=here Z=[[is,here]]
[white|Q] = [P|horse]  P=white Q=horse
[X,Y|Z,W] error

?-member(b,[a,b,c]).
yes
?-member(b,[a,[b,c]]).
no

member(X,[X,_]).
member(X,[_,Y]):-member(X,Y).
 
concatenate([],L,L).
concatenate([X|L1],L2,[X|L3]):-concatenate(L1,L2,L3).

?-([a,b,c],[1,2,3],L).
L = [a,b,c,1,2,3]


it can be used also to decompose a list

?-(L1,L2,[a,b,c]).
L1=[]
L2=[a,b,c]

L1=[a]
L2=[b,c]

L1=[a,b]
L2=[c]

L1=[a,b,c]
L2=[]


member1(X,L):-(L1,[X,L2],L).


add(X,L,[X|L]).

del(X,[X|Tail],Tail).
del(X,[Y|Tail],[Y|Tail1]:-del(X,Tail,Tail1).

?-del(a,[a,b,a,a],L).
L=[b,a,a];
L=[a,b,a];
L=[a,b,a];
no

?-del(a,L,[1,2,3]).
L = [a,1,2,3] ;
L = [1,a,2,3] ;
L = [1,2,a,3] ;
L = [1,2,3,a] ;
no

insert(X,List,Biggerlist) :- del(X,Biggerlist,List).

member2(X,L):-del(X,L,_).

sublist(S,L) :- (L1,L2,L),concatenate(S,L3,L2).

?-sublist(S,[a,b,c]).
S = [] ;
S = [a] ;
S = [a,b] ;
S = [a,b,c] ;
S = [b] ;
....


?-permutation([a,b,c],P).
P = [a,b,c] ;
P = [a,c,b] ;
P = [b,a,c] ;
.....
permutation([],[]).
permutation([X|L],P):-permutation(L,L1),insert(X,L1,P).

permutation2([],[]).
permutation2(L,[X|P]):-del(X,L,L1),permutation2(L1,P).


length([],0).
length([_|T],N):-length(T,N1), N is 1+N1.

?-length([a,b,c.d],N).
N=1+(1+(1+(1+0)))


islist(A|B]):-islist(B).
islist([]).

?-islist([a,b,c,d]).
yes
?-islist(book(a,b)).
no
?-islist(X).
loop forever

islist(_|_).
islist([]).


?-shift([1,2,3,4,5],L).
L= [2,3,4,5,1]

shift([X|L],R):=(L,[X],R).


union([],Y,Y).
union([H|T],Y,Z):-member(H,Y),union(T,Y,Z).
union([H|T],Y,[H|Z]):-union(T,Y,Z).


Sorting:

split(H,[A|X],[A|Y],Z):=A=<H,split(H,X,Y,Z).
split(H,[A|X],Y,[A|Z]):=A>H,split(H,X,Y,Z).
split(_,[],[],[]).

qsort([],[]).
qsort([H|T],S):-split(H,T,A,B),qsort(A,A1),qsort(B,B1),append(A1,[H|B1],S).


Backtracking and Cut
---------------------

is_integer(0).
is_integer(X):-is_integer(Y), X is Y+1.

?-is_integer(X)
infinite number of answers ( all integers in ascending order:0,1,2...)

also remember
member(X,[X|_]).
member(X,[_|Y]):-member(X,Y).

?-member(a,[a,b,c,a,b,a,a]).
will succeed 4 times.

The "cut" allows you to tell Prolog which previous choises it
need not consider again when it backtracks through the chain of
satisfied goals.
(operate faster & occupy less memeory)

! : it succeeds immediately and cannot be resatisfied.

-the choice of the rule that the cut appears in is bypassed
on backtracking

foo :- a,b,c,!,d,e,f.

if d fails then foo fails.

C:-P,Q,R,!,S,T,U.
C:-V.

Backtracking will be possible within the goal list P,Q,R;
however as soon as the cut is reached all alternative
solutions of the goal list P,Q,R are supressed. The alternative
clause C:-v will also be discarded. However backtracking will still 
be possible within the goal list S,T,U.


p:-a,b.
p:-c.

p <=> (a&b) V c

p:-a,!,b.
p:-c.

p<=>(a&b)v(~a&c)




?-sumto(5,X).
15 ;
without cut it will loop


sumto(1,1):-!.  (sumto(N,1):-N=<1,!. )
sumto(N,Res):-N1 is N-1,sumto(N1,Res1),Res is Res1+N.


A:-B , C .
A:-not(B), D.
if B is very complicated inefficient

instead we can write

A:-B, !, C.
A:-D.


append([],X,X).
append([A|B],C,[A|D]):-append(B,C,D).

append([],X,X):- !.
append([A|B],C,[A|D]):-append(B,C,D).

?-append([],[a,b,c]).


the first rule is the only correct rule if the first list
is []. (this information is provided by cut)


if X<3 then Y=0
if X>=3 and X<6 then Y=2
if X>=6 then Y=4

in Prolog

f(X,0):-X<3,!.
f(X,2):-3 =<x, x<6, !.
f(X,4):-x>=6.

?-f(1,Y), 2<Y.
without cut it is inefficient. rule 2 ad 3 will not be generated

a better way using cut
f(X,0):-X<3,!.
f(X,2):-X<6,!.
f(X,4).

but without cut
?-f(1,Y).
Y=0
Y=2
Y=4
no


examples
----------
*finding the maximum
max(X,Y,Max).

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

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


*single solution membership

member(X,[X|L]).
member(X,[Y|L]):-member(X,L).

non-deterministic
if X occurs several times any occurence can be found

using cut
member(X,[X|L]):-!.
member(X,[Y|L]):-member(X,L).
just one solution

*adding an element to a list without dublication
add(X,L,L):-member(X,L),!.
add(X,L,[X|L]).



Cut and fail
-------------

when fail is encountered after a cut, the normal backtracking
behaviour will be altered by the effect of the cut.

"mary like all the animals but snakes"

likes(mary,X):-snake(X),!,fail.
likes(mary,X):-animal(X).
if X is a snake then the cut will prevent backtracking
(thus excluding the second rule) and fail will cause the
failure.
also can be written as
likes(mary,X):-snake(X),!,fail ; animal(X).
=
likes(mary,X):-animal(X), not snake(X).


different(X,X):-!,fail.
different(_,_).

or

different(X,Y):-X=Y,!,fail ; true.
different(X,Y):-not(X=Y).


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



problems with cut
--------------------

number_of_parents(adam,0):-!.
number_of_parents(eve,0):-!.
number_of_parents(X,2).

?-number_of_parents(eve,X).
X=0;
no

?-number_of_parents(john,X).
X=2;
no

?-number_of_parents(eve,2).
yes

to prevent this result

number_of_parents(adam,N):-!,N=0.
number_of_parents(eve,N):-!,N=0.
number_of_parents(X,2).

OR

number_of_parents(adam,0).
number_of_parents(eve,0).
number_of_parents(X,2):-X\=adam, X\=eve.

if you introduce cuts to obtain correct behaviour when the goals
are of one form, there is no guarantee that anything sensible
will happen if goals of another form start appearing.
use cuts if you have a clear policy about how your rules
are going to be used.


more examples
---------------
hanoi(N):-move(N,left,center,right).
move(0,_,_,_):-!.
move(N,A,B,C):-M is N-1,
               move(M,A,C,B),
               inform(A,B),
               move(M,C,B,A).
inform(X,Y):-write([move,a,disk,from,the,X,pole,to,the,Y,pole]).

?-hanoi(3).
[move,a,disk,from,the,left,pole,to,the,center,pole]
[move,a,disk,from,the,left,pole,to,the,right,pole]
[move,a,disk,from,the,center,pole,to,the,right,pole]
[move,a,disk,from,the,left,pole,to,the,center,pole]
[move,a,disk,from,the,right,pole,to,the,left,pole]
[move,a,disk,from,the,right,pole,to,the,center,pole]
[move,a,disk,from,the,left,pole,to,the,center,pole]

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

fib(1,1).
fib(2,1).
fib(N,F):- N >2, N1 is N-1, fib(N1,F1), N2 is N-2, fib(N2,F2), F is F1 + F2.

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

bubblesort(List,Sorted):-swap(List,List1), !, bubblesort(List1,Sorted).
bubblesort(Sorted,Sorted).
swap([X,Y|Rest],[Y,X,Rest]):-X>Y.
swap([Z|Rest],[Z|Rest1]):-swap(Rest,Rest1).

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

insertsort([],[]).
insertsort([X|Tail],Sorted):-insertsort(Tail,SortedTail), 
                             insert(X,SortedTail,Sorted).

insert(X,[Y|Sorted],[Y|Sorted1]):- X>Y, !, insert(X,Sorted,Sorted1).
insert(X,Sorted,[X|Sorted]).

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

      a
    /  \
   b    c
       /
      d

t(t(nil,b,nil),a,t(t(nil,d,nil),c,nil))

in(X,T) is true if X is a node in a tree T.

in(X,t(_,X,_)).
in(X,t(L,_,_)):-in(X,L).
in(X,t(_,_,R)):-in(X,R).

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

binary search tree

in(X,t(_,X,_)).
in(X,t(Left,Root,Right)):-Root>X,in(X,Left).
in(X,t(Left,Root,Right)):-X>Root,in(X,Right).

*inserting a leaf into a binary search tree

addleaf(nil,X,t(nil,X,nil)).
addleaf(t(Left,X,Right),X,t(Left,X,Right)).
addleaf(t(Leaft,Root,Right),X,t(Left1,Root,Right)):-Root>X,
                                                    addleaf(Left,X,Left1).
addleaf(t(Left,Root,Right),X,t(Left,Root,Right1)):-X>Root,
                                                   addleaf(Right,X,Right1).

