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,     .

  

1     

  , ,  -
        ( -

,     -   )  .

    
 ,    ,  
   – .

                                                                                                                             

1.1 

        -
      60-  ,  

      -
   -  .      ,

      , 
  ,        -

,         -
,  ,    .    -

         
. (  ,        -

 -    ,       
.     .      -

).
     -

     50-  ,   1965 .  
  ,         

   .
   ,   ,   -

       ,
      ,  -

.  ,    , , 
modus ponens,   “ ”,    -

      .  -
   ,     ,  -

   .
  60-     , -
    .   
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.         -
    (     SL- ),
,  ,    

 .  1971 .    SL-  .  -
        -
    .  
 .      ,    -

 SL-       .
  1972     (“   

”),      .

   .    
 .

           

1.2   

       -
  B ( ),    

A1,...,An ( ).     
A1,A2,...,An |=  B.

     .  -
    ,      

.         -
       ,     

.    ;     -
   .

,   .
       .  

    modus ponens (    
).     :

A, A  B  |=  B.
  ( )      

 .     :
A  B, B  C  |= A  C.

   .     -
      .  -
 .     A  B , 

  A , . . A     -
,      , B.
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     . ,  -
    ,     

, ,    ,      -
  .

  .      -
    ,   

.    ,     B  -
  B  C.       -

  B   ,     C.   
  ,      , -

        .    -
       

,        
.

  -      -
  , , C B  B C. 

 C   B.  , ,
   C (    ) ,  

   B.       
  ,   ,      -
.      ,  
   .    .

     , 
  .      B  C 

  B C, . . ,   :
(B C) = ( B C) = B C.

       B,   C.  C -
  B, ,  B,    C. , C,  -
 .    B C,    

  B.         ,
   P,  ,   P, -

 .     ,   
 .   ,   

B C    ,      B C
.        -

. ,     ,     -
  ,     ,  -

 ,         ,  
 -  .
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  .   -
: X A, Y A |= X Y.      , 

   A,   A.      
:

 : X  A, A  Y |= X  Y,
 : A, A Y |= Y.

        
  ,     .

         -
    X.

   ,   
.       

.
1.      ,   

 ,    .
)      

A B = (A B) (B A),
A B = A B.

)        .
)   A (B C) = (A B) (A C).

2.       ,
 , .      ;

  ,      .
3.   -   ( , ), -

     .    
 .    ,     

,    , ,
X Y Z P,
X P W.

     X Y Z W.

4.   ,    P P  
 P.     ,   , -

 ,     .

     
P Q,P R,Q S |= R S.

         
.
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P Q (1)
P R (2)
Q S (3)

        .
(R S) = R S

R (4)
S (5)

     .

P        (2)   (4) (6)
Q           (1)    (6) (7)

Q        (3)    (5) (8)
    (7)  (8)

     .  
  -    ,   
 ,  .   -     

.  ( ) -   , 
.       -

.  A  B -  ,  
A B
    
B A.

     ,   -
.

       ( )
.     : , ,
D F E   F E  D.

    .   
    ,      

,   -        
     ,   -

     ( . . ) 
 .   :

P(a) Q(b,c), (1)
Q(b,c) R(b,c). (2)

   (1)   Q(b,c),  
 (2) -    Q(b,c)   

    ( . . b   b, c -
 c),   (1)      (2).  -

    (3),  :
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P(a) R(b,c). (3)
 (4)  (5)     ,    -

 Q   :
P(a) Q(b,c), (4)

Q(c,c) R(b,c). (5)

 .      
 . , ,   -

  . ,   Q(x,y) R(x,y) 
 :
x y (Q(x,y) R(x,y)).

     ,   
  .          -

          
,         ,

      .  ,

P(a) Q(a,b) (6)
Q(x,y)  R(x,y) (7)

,    Q .  
 x   a,   y -  b.

 ,    (8), . .  
P(a) R(a,b), (8)

,   R   (7),   -
.

       -
  , . .     .

1.3        
,      F(x,y), ,  x - 

y,    
F(john,harry)  F(john,sid)  F(sid,liz).

 ,     .    
 ,     .

    M(x), S(x,y)  B(x,y),  -
,  x - ,     y,    y.   -
     .
x,y (F(x,y)  M(x))
x,y,w (F(x,y)  F(x,w)  S(y,w))
x,y (S(x,y)  M(x)  B(x,y))



11

  : 1)   - ; 2)   
 ,   ; 3)  -   .

   z B(z,harry)?     
 ,    z B(z,harry). 

         
  (        ):

F(x,y)  M(x) (1)
F(x,y) F(x,w)  S(y,w) (2)
S(x,y) M(x)  B(x,y) (3)

F(john,harry) (4)
F(john,sid) (5)
F(sid,liz) (6)
B(z,harry) (7)

     ,   -
,      .

        -
     ,    -
         -

    .    ,
      . , ,
  john  x  sid  y,   :

F(john,sid) F(john,w)  S(sid,w).
         (5), 

  :
F(john,w)  S(sid,w)

 (5)  (2) {x->john,y->sid}
(8)

, 
S(sid,harry)

 (4)  (8)   {w->harry}
(9)

M(sid)
 (6)  (1) {x->sid,y->liz}

(10)

S(sid,y)  B(sid,y)
 (10)  (3)  {x->sid}

(11)

B(sid,harry)
 (9)   (11)  {y->harry}

(12)

 
 (12)  (7)  {z->sid}

 ,    (12), ,  sid - 
harry,     (4), (5)  (6).   

 ,  ,  harry   .
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2    

"… ,    -
,    (  -

   )  , -
      
,   , -

    -
  !"
     

1972  . .

2.1   

       -
,    :

1)      ;
2)   ;
3)  ,    ;
4)       

 .
       ?

 ,  ,      
 ,        .

     , ,   ,   
    ,    , 

   .    
         -

.
   

P(t1,...,tn),
 P -  ,  t1,...,tn - ,   ,

   .     -
,  -   .

   
A1  ...  An  A0 (   A0 A1 ... An),

  Ai -   (  ,  -   
).        -

:
A0 :- A1,A2,...,An.

      
A1 ... An,

  Ai -  ,       -
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?- A1,A2,...,An.
,   ,  :  ,  A1  ...  An?

        X1,...,Xm, 
   :    X1,...,Xm  A1  ...  An?

   SWI-prolog (1994, University of Amsterdam).
  : ,   .

     .  -   . -
 -       .

     :
1)   , ,  

 ;
2) ,    
<---> | ==>| ... | &,

(         -
  :- | , | ; | . | ! );

3)   ,   -
 (  . .   ).

      , -
    .  -

      , -
      .

      -
   ,     
 .  ,    , -

        , 
  .       -
 .  -  ,    

 .  ,      
 ,    ,   -

  ,      -
   ,   .

2.2  - :  

   – .  parent(X,Y) -
   "X  Y".

parent(pam,bob).
parent(tom,bob).
parent(tom,liz).
parent(bob,ann).
parent(bob,pat).
parent(pat,john).
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  :

?- parent(bob,pat).
Yes

?- parent(liz,pat).
No

?- parent(tom,sid).
No

?- parent(X,liz).
X = tom
Yes

?- parent(bob,X).
X = ann
Yes

 ";"    (  Enter),   
  .

?- parent(bob,X).
X = ann ;
X = pat ;
No

?- parent(X,Y).

X = pam
Y = bob ;

X = tom
Y = bob ;

X = tom
Y = liz ;

X = bob
Y = ann ;

X = bob
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Y = pat ;

X = pat
Y = john ;
No

    ?
?- parent(Y,john),parent(X,Y).
X = bob
Y = pat
Yes

  ?
?- parent(tom,X),parent(X,Y).
X = bob
Y = ann ;

X = bob
Y = pat ;
No

   ("_").
  ?

?- parent(X,_).
X = pam ;
X = tom ;
X = tom ;
X = bob ;
X = bob ;
X = pat ;
No

    -    
.  women(X)   "X – ". -

 mother(X,Y)   "X –  Y".
women(pam).
women(liz).
women(ann).
women(pat).

mother(X,Y):-
      women(X),
      parent(X,Y).
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?- mother(X,Y).
X = pam
Y = bob ;

X = pat
Y = john ;
No

  .
  predok(X,Y)   "X –  Y".

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

?- predok(X,john).
X = pat ;
X = pam ;
X = tom ;
X = bob ;
No

   ,  -
 .   , -

  .
                  . 

2.3      

 .     
  ,      -
  .   -   -

     .   
     ,   .  

      
,         

-     .  , ,
     , ,

 ,    ,   
  ,   .
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.       -
        .

1)    ,   -
        .

2)     
   .   ,  -

   ,   - .
3)       -
  .     -

,      .  -
       

  ,    .
4)         -

    . , 
 ,        -

       .   -
        ,

      . -
    ,      -
      

 .
.     
:

 =  + .

      
  .

   

2.4    

     G1,G2,...,Gm (  )
.

     -  .
     ,  ,  (

)  .
 :   (  , ) -
         C, ,

  (  ) C     G1.  
   ,   .

 C    
H :- B1, ..., Bn,
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   C ,     C
 C,        G1,...Gm.

 C   - 
H  :- B1  , ..., Bn  .

 G1  H ;  S -   -
.    G1, G2, ...,Gm,  G1   B1 ,..., Bn ,

    :
B1 , ..., Bn , G2, ..., Gm.

( , ,  C - ,  n=0,       
 ,  ;     -

       , , , - -
   .)

       , 
   S,      

B1 , ..., Bn , G2 , ... , Gm .
  (     )   

.     ,    -
     .     -

 ,        
( )   .   , 
 ,     C (C - -

,  )     -
     .

      
     (   ):   

       ,   
    ,     -

 .     , . .    
      ,   

         
       .
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3  

3.1    

       -
 . 

?- p.
,  

p :- p,
   .

     "  ", -
     .

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

 1.

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

 :
?-   predok (tom,pat)

   .

 Call:  (  7) parent(tom, pat)
 Fail:  (  7) parent(tom, pat)
 Call:  (  7) parent(tom, L384), predok(L384, pat)
 Call:  (  8) parent(tom, L384)
 Exit:  (  8) parent(tom, bob)
 Call:  (  9) parent(bob, pat)
 Exit:  (  9) parent(bob, pat)
 Exit:  (  7) parent(tom, bob), predoc(bob, pat)
Yes
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 2.

     pred2(X,Z):-
         parent(X,Y),
         pred2(Y,Z).
     pred2(X,Z):-
         parent(X,Z).

 :
?-   pred2 (tom,pat)

    .

Call:  (  7) parent(tom, L384),predok(L384, pat)
   Call:  (  8) parent(tom, L384)
   Exit:  (  8) parent(tom, bob)
      Call:  (  9) parent(bob, L520), predok(L520, pat)
          Call:  ( 10) parent(bob, L520)
          Exit:  ( 10) parent(bob, ann)
             Call:  ( 11) parent(ann, L656), predok(L656, pat)
                 Call:  ( 12) parent(ann, L656)
                 Fail:  ( 12) parent(ann, L656)
            Fail:  ( 11) parent(ann, L656),  predok(L656, pat)
            Call:  ( 11) parent(ann, pat)
            Fail:  ( 11) parent(ann, pat)
        Exit:  ( 10) parent(bob, pat)
           Call:  ( 11) parent(pat, L612), predok(L612, pat)
                Call:  ( 12) parent(pat, L612)
                Exit:  ( 12) parent(pat, jim)
                    Call:  ( 13) parent(jim, L704), predok(L704, pat)
                        Call:  ( 14) parent(jim, L704)
                         Fail:  ( 14) parent(jim, L704)
                    Fail:  ( 13) parent(jim, L704) ,predok(L704, pat)
                    Call:  ( 13) parent(jim, pat)
                    Fail:  ( 13) parent(jim, pat)
         Fail:  ( 11) parent(pat, L612), predok(L612, pat)
         Call:  ( 11) parent(pat, pat)
         Fail:  ( 11) parent(pat, pat)
      Fail:  (  9) parent(bob, L520) , predok(L520, pat)
      Call:  (  9) parent(bob, pat)
      Exit:  (  9) parent(bob, pat)
Exit:  (  7) parent(tom, bob, pat)
Yes

  ,   .
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 3.

     pred3(X,Z):-
         parent(X,Z).
     pred3(X,Z):-
         pred3(X,Y),
         parent(Y,Z).

   
?- pred3(tom,pat).

Call:  (  7) parent(tom, pat)
 Fail:  (  7) parent(tom, pat)
 Call:  (  7) predok(tom, L384), parent(L384, pat)
          Call:  (  9) parent(tom, L384)
          Exit:  (  9) parent(tom, bob)
    Call:  (  8) parent(bob, pat)
    Exit:  (  8) parent(bob, pat)
 Exit:  (  7) predok(tom, bob),  parent(bob, pat)

Yes

     
?- pred3(lis,jim)

==>  

 4.

     pred4(X,Z):-
         pred4(X,Y),
         parent(Y,Z).
     pred4(X,Z):-
         parent(Y,Z).

?- pred4(tom,pat).
==>    

  ,  -    -
   ,       -
,   .       -

   (     ).
:
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1)       ;
2)   .

3.2    

     , -
  .  ,   -

,      .    -
 ,    ,    , 

   .
   -    

    .    
      .

      
.

    “ ”   
        .

        -
.       ;

        -
.

   ,    -
         

 .     -
 .

    ,   
 ,    -

 .
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 –   
   .

   1835-1902

4.  

4.1   

 

    :
,

,
  ,

.

     , 
   .

 :
  + , -

+ , - , * , /
// -  
mod -   
^ -   

 :
abs(X)
max(X,Y)
min(X,Y)
random(N)  => 0   i  N  (N,i - )
integer(X) -  X   
floor(R)  => N  (N  R<N+1,  -   R)
ceil(R) => N (N-1 < R  N,  -   R)
sqrt(X)
sin(X) -   
cos(X)
tan(X)
asin(X)
acos(X)
atan(X)
log(X)  ln X
log10 (X)
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exp(X)  e^X
pi =3.14159265358
e = 2.718281828459045

 .    
     (      help' ).

predicate(+A,-A,?A).
+ -  
-  -  
?  -   

     .  
  :

predicate/3 -    ( ) 3

  
    ,  

      .
=(?A,?B) , ?A = ? B     -   A  B

?- X=3.
X = 3
Yes

?- X= 3+5.
X = 3 + 5
Yes

?- 3 = 1+2.
No

?- X = a+b.
X = a + b
Yes

is(-Number, +Expr) ,      -Number is +Expr
-   (   )

?- 5 is 2+(8 // 2).
No

?- 5 is (2+8) // 2.
Yes
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?- X is 2*3,Y is 2^X.
X = 6
Y = 64
Yes

?- A is a+b.  => 

  

+Expr1 > +Expr2  >(+Expr1,+Expr2)
+Expr1 < +Expr2
+Expr1 =< +Expr2
+Expr1 >= +Expr2
+Expr1 =:= +Expr2   ( )
+Expr1 =\= +Expr2   (  )

  
 f(+N,?R)     ,  R  -

   N, . . N! = R (= 1*2*…*N).

f(0,1).
f(X,Y):-
     X > 0,
     X1 is X -1,
     f(X1,Y1),
     Y is X*Y1.

      -
  .

f1(N,N,R,R).
f1(N,X,Y,R):-
        X =\= N,
        X1 is X+1,
        Y1 is Y*X1,
        f1(N,X1,Y1,R).

f(N,R):-
       f1(N,0,1,R).

     ,  – 
 .
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     ,    
  .    ,   

      ,  
      ,    -

 .        -
  .     ,  

  -    . 
         “ -

 ”      .

4.2  

       
     - .  

.     .  , -
   , .   

 (    )   
   ,  .   

 ,   ,   ( ),
  .     

f(t1,t2,...,tn),  f -  n-  ,  ti - . 
    ,     

   ,   -  .
     ,  

 (     ), , , -
        (   ).
 -       

 (   )    .
 ,      :

  .
    : -

,   .   ,
 ,     ( ), -

   .        -
.

:
?- X is *(+(5,4),+(5,8)).
X = 117
Yes
?- X = *(+(5,4),+(5,8)).
X = (5 + 4) * (5 + 8)
Yes
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       -
 . ,     

   ‘ ’(1,’ ’,1998).

  
      .

var(+Term) -  
nonvar(+Term) -  ( ) 
integer(+Term) -  
float(+Term) -  
number(+Term) -    
atom(+Term) - 
atomic(+Term) -   
ground(+Term) -     

  var(X)   atomic(X),  X - .

 
     

  .     , -
   .
,    ,    -
 .   R1  R2,  ,

  succ(R1,R2),   -  para(R1,R2). -
   ,     ,

       -
. ,   4 :
para(1.0,succ(para(2.0,3.0),4.0)).

 
simple(X,X):-
        number(X).
simple(succ(X,Y),Z):-
        simple(X,R1),
        simple(Y,R2),
        Z is R1+R2.
simple(para(X,Y),Z):-
        simple(X,R1),
        simple(Y,R2),
        Z is (R1*R2)/(R1+R2).
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?- simple(para(1.0,succ(para(2.0,3.0),4.0)),X).

X = 0.838710
Yes

 
      

tree(Left,Root,Right),  Root - ,   ,  Left 
Right -     .   

 nil.       
tree(nil, 5, tree(nil, 6, tree(tree(nil, 8, nil), 10, nil))).

% tree_member(+Element,+Tree)
%  ,       
tree_member(X,tree(_,X,_)).
tree_member(X,tree(Left,_,_)):-
                     tree_member(X,Left).
tree_member(X,tree(_,_,Right)):-
                     tree_member(X,Right).

4.3  

      -
   “./2” .   -   ;
  -   “./2”   ,   

[].
    -  a:

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

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

[a]
[a,b,c]
[[a,b],[a,b,c],[]]

    2,   -
 one  two:

.(one,.(two,X))
[one,two|X]

 "|"     :     -
;       ,    -

    .  H -  ,  T - ,  
  [H|T].



29

  :

1
 2  -

[X,Y,Z] [‘ ’,’ ’,’ ’] X=‘ ’, Y=‘ ’,
Z= ‘ ’

[7] [X|Y] X=7, Y=[]
[1,2,3,4] [X,Y|Z] X=1, Y=2, Z=[3,4]

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

   

member(?Elem, ?List)
     ,   Elem      

  List.

member(A, [A|B]).
member(A, [B|C]) :-
        member(A, C).

?- member(1,[3,4,1]).
Yes

?- member(1,[[1]]).
No

?- member(X,[a,b,[c,d],[]]).
X = a ;
X = b ;
X = [c,d] ;
X = [] ;
No

?- member(5,[X,Y|Z]).
X = 5
Y = G772
Z = G776 ;

X = G760
Y = 5
Z = G776 ;
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X = G760
Y = G772
Z = [5|G1240]
Yes

append(?List1, ?List2, ?List3)
     ,   List3   

 List1  List2.
append([], A, A).
append([A|B], C, [A|D]) :-
        append(B, C, D).

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

?- append([a,b],[c,d],[a,b,a,c,d]).
No

?- append([8,7,6],[1,2,3],L).
L = [8,7,6,1,2,3]
Yes

 append       .

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

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

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

L2 = []
L1 = [a,b,c] ;
No

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

?- append(L1,[a,b],L3).
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L3 = [a,b]
L1 = [] ;

L3 = [G1292,a,b]
L1 = [G1292]
Yes

?- append(L1,L2,L3).

L2 = G740
L3 = G740
L1 = [] ;

L2 = G740
L3 = [G1112|G740]
L1 = [G1112]
Yes

  member
member1(X,L):-
         append(_,[X|_],L).

     .

    
‘ ’(X,L,[X|L]).

select(?List1, ?Elem, ?List2)
       List1,    Elem.  List2

  ,    List1   
.    +List1, -Elem, -List2,   

       
-List1, +Elem, +List2.

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

?- select([a,b,c],X,Y).
X = a
Y = [b,c] ;

X = b
Y = [a,c] ;
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X = c
Y = [a,b] ;
No

?- select([a,b,c],b,X).
X = [a,c]
Yes

?- select(X,a,[b,c,d]).
X = [a,b,c,d] ;
X = [b,a,c,d] ;
X = [b,c,a,d] ;
X = [b,c,d,a] ;
No

   member

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

delete(+List1, ?Elem, ?List2)
        List1,    Elem  -

    List2.

?- delete([a,b,a,c,a],a,X).
X = [b,c] ;
No

4.4   

     

% tree_sort(+X,-Y)
% X -  ,  Y -  
tree_sort(X,Y):-
        make_tree(X,Z),
        flat(Z,Y).
% make_tree(+X, -Y) -     Y   X
make_tree([],nil).
make_tree([H|T],Z):-
        make_tree(T,Y),
        insert(H,Y,Z).
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% insert(+N,+X,-Y) -   N    X
insert(N,nil,tree(nil,N,nil)).
insert(N,tree(L,Root,R),tree(L1,Root,R)):-
        N =< Root,
        insert(N,L,L1).
insert(N,tree(L,Root,R),tree(L,Root,R1)):-
        N > Root,
        insert(N,R,R1).

% flat(+X,-Y) -   X   Y
flat(nil,[]).
flat(tree(L,N,R),Z):-
        flat(L,L1),
        flat(R,R1),
        append(L1,[N|R1],Z).

?- make_tree([8,10,6,5],X).
X = tree(nil, 5, tree(nil, 6, tree(tree(nil, 8, nil), 10, nil)))
Yes

.    dv(+Term1,+Atom,-Term2),   Term2 
  Term1   

Atom. Term1 -  ,      
 ,   +, -, *, /, ^     sin(x), cos(x),

ln(x)  e^x.
   -   -

  .
dv(X,X,1).
dv(Y,_,0):-
    number(Y).
dv(Y,X,0):-
    atom(Y),
    X \= Y.
dv(X^N,X,N*X^(N-1)):-
    number(N).
dv(sin(X),X,cos(X)).
dv(cos(X),X,-sin(X)).
dv(e^X,X,e^X).
dv(ln(X),X,1/X).
dv(Y+Z,X,(DY+DZ)):-
    dv(Y,X,DY),
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    dv(Z,X,DZ).
dv(Y-Z,X,(DY-DZ)):-
    dv(Y,X,DY),
    dv(Z,X,DZ).
dv(Y*Z,X,DY*Z+DZ*Y):-
    dv(Y,X,DY),
    dv(Z,X,DZ).
dv(Y/Z,X,(DZ*Y-DY*Z)/Z*Z):-
    dv(Y,X,DY),
    dv(Z,X,DZ).

      -
  .   ,    f(g(x))  x
  f(g(x))  g(x),    g(x)  x.

          
  ,  .  -
    =../2.

?Term =..  ?List
    List  ,      Term  -

    .      -
,    .    `Univ'.

        ?- foo(hello, X) =.. List.
        List = [foo, hello, X]
        ?- Term =.. [baz, foo(1)]
        Term = baz(foo(1))

  univ     -
  .

dv(F_G_X,X,DF*DG):-
    F_G_X =.. [_,G_X],
    dv(F_G_X,G_X,DF),
    dv(G_X,X,DG).

 dv      .
 ?-dv(3*y+a,y,D).
 D = 3*1 +0*y +0
Yes
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 .   

,  .   
 .

 

5     

5.1   

    -   -
  ,     -   . -

  -   ,   
     .   -

,        -
 .       
.       “ ”.

  .

 1:   X<3,  Y=0
 2:   3 X  X<6,  Y=2
 3:    6  X,  Y=4

         f(X,Y) :

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

      .    -
     ,      -

  ,   .
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 1.

?- f(1,Y), 2<Y.

 ,    f,  -
,         . ,
 (   - ) , ,       
,    ,      

.  ,    1  ,    ,
  “ ”.    -

     - ,    
   .

      . “ -
”     ‘!’,     

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

 “!”      ,    -
.    

?- f(1,Y),2<Y.
 -     ,   .

      2<0.    -
,       ,   “!”.

 ,   2   3, 
 .

:  ,   .   -
 ,     ,    -

  ,  ,  .  ,   -
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 ,        -

.

 2.

        .
,   :

?- f(7,Y).
Y=4
Yes

 ,    ,    
 .  ,  X<3    (7<3 

).   3=<X (3=<7 - ).   , , 
  ,     ,  
     . ,
       .   -

     6=<X   3.
        , 

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

     ,   ,   ,
  . ,  ,     ?

  :
f(X,0) :- X<3.
f(X,2) :- X<6.
f(X,4).

?- f(1,Y).
Y=0;
Y=2;
Y=4;
No

 ,    ,    , -
     ,    -

  .

 “ - ”  ,   
 ,  .    
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 ,        
     ,   -
    -   ,  -

 .      (  -
  )   .

:
H :- B1,B2,...,Bm,!,...,Bn.

 ,     ,   
G   H.  G  - .  , 

 ,      B1,...,Bm.  -
   ( )  B1,...,Bm “ ”   -

     . ,  G
    :    G  -

 -    .

:
C :- P,Q,R,!,S,T,U.
C :- V.
A :- B,C,D.
?- A.

       . -
      P,Q,R; ,    

 ,       
 .  ,   C

C:-V.
   .   ,     
 S,T,U.      C.    

 A,          -
 B,C,D       ,  -

   C.

5.2 ,  

 
 :

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

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

   ,   -

 :

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

?- member(X,[1, 2, 1, 2]).
X=1;
X=2;
X=1;
X=2;
No

 :

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

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

?- member(X, [1, 2, 1, 2]).
X=1;
No

?- member(X, [1,2,5,7]), X>3.
 No

  ,    (   -
)

(X, L, L):-
       member(X, L),!.

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

?- (5, [4, 3, 5], L).
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L= [4,3,5];
No

?- (5,[4,3],L).
L=[5,4,3];
No

  :

?-  (5, [4, 3, 5], L).
 L = [4, 3, 5] ;
 L=[5, 4, 3, 5];
No

    
 .

 

5.3   

 
  ,    ,   -

,   , .  -
     -    . 

 ,   ,    
 ( ) .     ,  

   :
  P     ,  ,

   P.
   

      ,    
     .

,  ,    
.     .  -

 ,     ,     
    .

   , 
 ,    , 

,  ,   ,
        . -

,  ,      :
( ).
( ).
( ).
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       :

“X    , 
        X  -      
        X  -        
        X  -    ”.

 -      
        :

“X        , 
        X  -      
        X  -        
        X  -    ”.

   
 not  (“ ”)   .  -

  ,    (   
)  .   ,  

  ( )   , ,    -
,     . 

?-   not(  ( , X).
     , 
?-    ( , X )

 .

     not   -
 ( . .   ).

.

 ,     ,  
  ,   .

( ).
_ ( ).

_ (X):-
      not( (X)),
      not( _ (X)).

?-  _  ( ).
Yes.
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.

 

5.4     

 
(1)        -

.    ,    - :  
 ,        .

(2)  ,    ,
,    .   

 .

 
      -

 .
:

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

 :   p <=> (a  and  b)  or  c.

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

 :    (a  and b) or ( not a  and c) <=> p

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

 :   p <=> (a  and  b)  or  c.

    -     -
   .

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

r(a).
g(b).
p(X) :- not r(X).

?- g(X),  p(X).
X =  b
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Yes

?- p(X),  g(X).
No

     .   ,  -
  p(X),  X    b.  -

  p(X)    .

   ,       .

5.5   

  

repetive:-
       < >,
       fail.

  fail  ( )   ( ),   -
   .

:

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

   ?

everybody:-
          parent(X,Y),
          write(X),write('   '),write_ln(Y),
          fail.
everybody.

?-  everybody.
pam   bob
tom   bob
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tom   lis
bob   ann
bob   pat
pat   jim
Yes

,  

repeat.
repeat:-
    repeat.

   repeat     "   , ".

repetive:-
   repeat,
   <   >,
  <  >,   !.

.  “ ”  ,   ,  -
   ,    stop,   -

.

do-echo:-
   repeat,
   read(Term),
   write_ln(Term),
   check(Term),!.

check(stop):-
   write_ln(' - OK,bye').
check(_):-
   fail.
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6  

6.1    

     -
   -         -

.  ,      , -
,        , 
      .

 call(X)       X  -
 .  ,     

       
.         -

      - .    -
    ,    .

   call(X)    X.
     -

, ,  ,   ,
       ;  

 ,   .    
       

 .
:   .

not X :- X,!, fail.
not X.

   ? .   
    - , , 

     ,  -
        

 .

6.2    

    ,   
 ,    :

  P    ,  ,
 P  ,  .

        
      : , 

 .    ,   
 -   , ,     -
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  .     
    . ,  -

,       -
 ,          -

.      
 ,   .

 ,    
  .

   
father(tom,bob).
father(bob,pat).

     
false(father(pat,_)).

  ,     ,   -
 .

prove(P) :-
    P,
    write_ln('=> '),!.
prove(P) :-
    false(P),
    write_ln('=> '),!.
prove(P):-
    not(P),
    not(false(P)),
    write_ln('=> ').

?- prove(father(pat,jim)).
=>
Yes

?- prove(father(jim,X)).
=>
X = G836
Yes

?- prove(father(X,bob)).
=> 

X = tom
Yes
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7     
   -

7.1      

clause(?Head, ?Body)
,  Head        Body

   .     -
 (   ).    Body   

true.  clause/2     ,
         -

   .

?- clause(member(X,Y),Body).
Body = true
X = G904
Y = [G904|G1336] ;

Body = member(G904, G1348)
X = G904
Y = [G1344|G1348] ;
No

  ,   -
       .

assert(+Term)
      (     

).  Term       -
 .

,  
 ?- assert(father(tom, bob)).

    father.     
 ,    . ,

   
?- assert((parent(X,Y):-father(X,Y))).

   assert,  , asserta, 
   .

retract(+Term).   Term    
     ,       -

.
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retractall(+Term).         , 
  Term.

-       -
:          ( ),

    ( ).   assert  retract 
        -

.
%   

:-
      ,
      not .

 :-
     ,
     .

 :-
    ,
    .

.
.

?- .
no

?- .
yes

?- retract( ).
yes

?- .
no

?- assert( ).
yes

?- .
            yes

?- retract( ).
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yes

?- .
yes

   (   )
  -  ( , “ ”)

    :
consult(+File)

  ,   ,  -
 - ;      , 
     .

        . -
,    ,       

   . :
?- [ 1, 2, 3].

    ,  ,  
  ,      .

 ,           -
    ,   ,  -

  multifile  :
:- multifile  +Functor/+Arity, ...

 ,      
    .   consult/1  

,    .

7.2   

  .   
 .      

user.

      :
see ( )  -     ;
tell ( )   -     ;
seen  -     ;
told  -    .

     :
   ;
   .
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         :

read(-Term)  -   ;
write(+Term)  -  Term;
put(+Char)  -  , Char    -
,     ASCII      ;
get0(- )  -   ;
get(- ) -     “ ” -

.

.       ,  
   father(X,Y).       

base.dat.

'   ':-
         tell('base.dat'),
         base,
         told.
   base:-
         father(X,Y),
         write(father(X,Y)),
         write('.'),nl,
         fail.
    base.

7.3     “ ”
     ( ,    )

 place ( , , )     -
    (   ),     

.        -
  ,    “ ” (  

  adress(whitehous,7,1)).  place    
    ,      , 

       .    -
        , -

     .  place 
  ,      .

    .
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?- goal.

adress.dat compiled, 0.00 sec, 268 bytes. %    

  
whitehous.

   7    1 .

? yes
  

grand_central.
--   - grand_central

  ? ( ) 42.
  ? ( ) 8.

   42    8 .

? yes
  

grand_central.
   42    8 .

? no %       

Yes
,        

  “grand_central”.   42  8,   -
         .    

 ,   place     “grand_central”.
place(X,Avenu,Street) :-
         adress(X,Avenu,Street),!.

    place(X,Avenu,Street) :-
         write('--   - '),write(X),nl,
         write('   ? ( ) '),
         read(Avenu),
         write('   ? ( ) '),
         read(Street),
         assert(adress(X,Avenu,Street)).

     run(X) :-
         place(X,Avenu,Street),
         write('    '),write(Avenu),write('  '),nl,
         write('  '),write(Street),write(' .').
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     '   ' :-
         consult('adress.dat').

     goal:-
         write(' :'),nl,
         '   ',
         repeat,
         write('   '),nl,
         read(X),
         run(X),nl,
         ' '.

    ' ':-  write(' ? '), yes.

    yes:-
         get_single_char(C),
         (name(n,[C]),write('no'),'   ',!;
         write('yes'),nl,fail).

   '   ':-
         tell('adress.dat'),
         base,
         told.

    base:-
         adress(X,Avenu,Street),
         write(adress(X,Avenu,Street)),
         write('.'),nl,
         fail.
    base.

7.4   

     , -
    .    
 ,      .  
  ,        
,     .  ,  -

       
  “ ”  .

findall(+Var, +Goal, -Bag)
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     Var,  
    Goal,     Bag. Bag -

 ,  Goal   .

?-  findall(X,(member(X,[1,2,3,4,5]),0 is X mod 2),L).

X = G1564
L = [2,4]

Yes

       -
 .   ,  ,  -

   .     -
        ,

    .   -
   .

apply(+Term, +List)

    List    Term  -
     . , `apply(plus(1),[2, X])' -
 `plus(1, 2, X)'.

?- apply(plus,[1,2,X]).

X = 3 ;
No

?- apply(is,[X,4*6*(3+2)]).
X = 120
Yes

?- apply(=,[X,a*6*(x+2)]).
X = a * 6 * (x + 2)
Yes

?- apply(=(X),[a*6*(x+2)]).
X = a * 6 * (x + 2)
Yes

?- apply(append,[[1,2,3],[6,7,8],X]).
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X = [1,2,3,6,7,8]
Yes

checklist(+Pred, +List)
     List   Pred.

?- checklist(number,[1,4,8.9,5/7]).
No

?- checklist(number,[1,4,8.9]).
Yes

?- [user].
|    p(2).
|    p(3).
|    p(5).
|    p(7).
|    user compiled, 52.34 sec, 388 bytes.

Yes

?- checklist(p,[2,5,2,7]).
Yes

?- checklist(p,[2,5,2,1]).
No

       
! –  .

 –  , -   -
   .

 .   

7.5  

      -
     .  -

     ,   -
     .

     lemma(Goal).
    :  

   Goal,    ,   -
   .    :
 lemma(P) :- P, asserta((P :- !)).
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     P    
,      . -

   ,    
 .       , -

  P     .
     , -

  :
f(0,n) = n+1
f(m,0) =  f(m-1,1)   m>0
f(m,n) = f(m-1,f(m,n-1))  m,n>0

 do      
      ackerman,    inc -

    1.

ackerman(0,N,N1):-
            inc,
            N1 is N+1.
ackerman(M,0,Val):-
            M>0,
            inc,
            M1 is M-1,
            ackerman(M1,1,Val).
ackerman(M,N,Val):-
            M>0,N>0,
            inc,
            N1 is N-1,
            ackerman(M,N1,Val1),
            M1 is M-1,
            ackerman(M1,Val1,Val).

inc:-
           do(X),
            X1 is X+1,
            retract(do(_)),
            assert(do(X1)).

do(0).

?- ackerman(3,2,X),do(Y).
X = 29
Y = 541
Yes
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     .

ackerman(0,N,N1):-
            inc,
            N1 is N+1.
ackerman(M,0,Val):-
            M>0,
            inc,
            M1 is M-1,
            lemma(ackerman(M1,1,Val)).
ackerman(M,N,Val):-
            M>0,N>0,
            inc,
            N1 is N-1,
            lemma(ackerman(M,N1,Val1)),
            M1 is M-1,
            lemma(ackerman(M1,Val1,Val)).

lemma(P):-
     P,
     asserta((P:-!)).

do(0).

?- ackerman(3,2,X),do(Y).
X = 29
Y = 73
Yes
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8.   (  )

    /   ( -
 /  ),  ,    , 

   :

?- a+b+c = X+Y.
X = a + b
Y = c
Yes

?- a+b*c = X+Y.
X = a
Y = b * c
Yes

?- -a+b+c = X+Y.
X = -a + b
Y = c
Yes

        = 
 +,-  *,      .

 :
,    (  0  1200):

  ,   ;
 - ,   ;

.
  ,     -

   :
   ( ,   ):

fx  fy;
  : xf  yf;
  : xfx,xfy,yfx  yfy.

 f - , x  y - :
  yfx   

a f b f c f d  ((a f b) f c) f d,
+   *   ;

  xfy   
a f b f c  a f(b f c),
^    ;
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  x f x ,     ;
, mod,  X is 120 mod 50 mod 2 -  .

 
        ,   -

  0.
     

 .
  y ,  “    
,   ”.
  x ,   “    
,   ”.

  “-”   fx,  --x -  -
 .   , not   fy,  not not x - -

.

 op/3        
    :

:- op(+ ,+ ,+ )

        ,   -
     . -

,  0,    .

      -   
.

:
:- op(750,xfx,’ ’).

  ' '       :
‘ ’ ‘ ’ ‘ ’.
‘ ’ ‘ ’ ‘ ’.

?- X ‘ ’ ‘ ’.
X=‘ ’
Yes

?- X=and(a,b),op(500,yfx,and).
X = a and b
Yes
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?-Y=fact(a),op(700,xf,fact).
Y = a fact
Yes

  and  fact  :    - ,
 -  .   ,   

  .
        -
  .

       .   -
  .

          1200   xfx   -->, :-
          1200   fx    :-, ?-
          1150   fx    dynamic, multifile, discontiguous
          1100   xfy   ;, |
          1050   xfy   ->
          1000   xfy   ,
          954    xfy   \\
          900    fy    \+, not
          700    xfx   <, =, =.., =@=, =:=, =<, ==, =\=, >,
                       >=, @<, @=<, @>, @>=, \=, \==, is
          600    xfy   :
          500    yfx   +, -, /\, \/, xor
          500    fx    +, -, ?, \
          400    yfx   *, /, //, <<, >>
          300    xfx   mod
          200    xfy   ^



60

    -
 [ ] –   -

  –   -
  ,   -

   -
.

    
1972 . . 

9  

9.1 
 ,   “ ”, . . -

  .       .
     ,    

     .
       animal(< >). 

   mutant,      mutant(X)
  X  .

 ,     ( , -
, , , , , ):

,
,

,
,

,
,

.
    name(? ,? ) - -

     ASCII. , , 
name(‘ ’,X)?    X=[162,174,171,170].

%  " "

animal(' ').
animal(' ').
animal(' ').
animal(' ').
animal(' ').
animal(' ').
animal(' ').

animal(X,Y):-
    animal(X),
    name(X,Y).
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mutant(Z):-
    animal(_,X),animal(_,Y),
    append(_,[BH|BT],X),
    append([BH|BT],[CH|CT],Y),
    append(X,[CH|CT],Z1),
    name(Z,Z1).

9.2  

    , 1963 .
 A,B,C,D  E     .   -
 ,  ,   -

 A,B,C,D,E.  ,        -
         

.  ,   D,A,E,C,B,  
  ,     (    

 ).
      ?.

%    (     - )
rezult:-
    inicial(M1,M2,M3,M4,M5,[1,2,3,4,5]),
    pos([M1-a,M2-b,M3-c,M4-d,M5-e],0),
    para([M1-a,M2-b,M3-c,M4-d,M5-e],0),
    pos([M4-d,M1-a,M5-e,M3-c,M2-b],2),
    para([M4-d,M1-a,M5-e,M3-c,M2-b],2),
    write(M1-a/M2-b/M3-c/M4-d/M5-e).

%    
inicial(X1,X2,X3,X4,X5,L):-
                 member(X1,L),
                 select(L,X1,S2),
                 member(X2,S2),
                 select(S2,X2,S3),
                 member(X3,S3),
                 select(S3,X3,S4),
                 member(X4,S4),
                 select(S4,X4,[X5]).
% N -       L
pos(L,N):-
     pos(L,N,0,1).
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pos(_,N,N,6).
pos(L,N,S,I):-
     I<6,
     nth1(I,L,I-_),
     S1 is S+1,
     I1 is I+1,
     pos(L,N,S1,I1).
pos(L,N,S,I):-
     I<6,
     nth1(I,L,J-_),
     I=\=J,
     I1 is I+1,
     pos(L,N,S,I1).

% N -       
%     L
para(L,N):-   para(L,N,0,1).

para(_,N,N,5).
para(L,N,S,I):-
    I<5,
    nth1(I,L,A1-_),
    I1 is I+1,
    nth1(I1,L,A2-_),
    A2 =:= A1+1,
    S1 is S+1,
    para(L,N,S1,I1).

para(L,N,S,I):-
    I<5,
    nth1(I,L,A1-_),
    I1 is I+1,
    nth1(I1,L,A2-_),
    A2 =\= A1+1,
    para(L,N,S,I1).

?- rezult.
3 - a / 5 - b / 4 - c / 2 - d / 1 - e
Yes
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    . -
   ,   -  -

   .
. . ,   

, 1966 

 

1   .,  .     . -
.: , 1990.-235 .

2  .       -
. - .: , 1990.-560 .
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   .  -

   ,     
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  ,  " -
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 .
 .  


