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,     -
       -
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     , -
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.  (J.A. Robinson)    [1],
          -

  .
   ,   , -

      -
   ,     

 ,  .  , 
  ,  modus ponens,

  « »,    
     . 
   ,     -

,     .
    ,  

 (Cordell Green),      
  .   60-   

 ,   -
  .     -

     -
 .       

    ,  , 
,    

 .  1971 .      -
     (Robert

Kowalski)       -
     

  .    
 (Alain Colmerauer)     , 

       -
  . ,  1972   

Prolog («programming in logic» —   
, - , ),   

  .
     

      1970-   -
 . .  (David D. H. Warren)  .   -

        -
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     (Constraint Logic
Programming — CLP),     

 .  CLP     
      -

     -  -
.  1996      ISO
 Prolog.

 [2],      
  .     

     . -
      

80-   20 ,       
     

    [9].   ,
           

    .    -
  ,      
 Microplanner,       -

 ,   . -
        -
     «
»  ,  

      , 
    « »  -

,    .      -
      . -
,  ,      -

        . 
   ,   —  

        -
.     «  »
    ,   -

  ,  
     

.
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1.2    

   . 
    -
.

 

    
.       -

      .
      -

   ( ).    
 , , —  

,   .
,      

 ,    —   .
     -

.      ,  -
 , ,      

.      -
,    —  :

    .
  ,  , —

, . .   . , -
   (2, –5,   . .). ,   

   ,   .
      , 

 .      -
    .

     , x, y,… 
   ,   ; 

        
. ,    — , x  

      . -
     ,  ,

   x    -
  ,  ,   -

 (      -
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  ).       -
   ,   -

, x1.
     -

    . ,  -
,         .

,     ,
     .   n-
 f,   t1,…,tn, 

f(t1,…,tn),    -
.

,  , .
   , 

.
    ,  -

  ; n-   — , -
n  . , 

 «=»   x y 
«x = y»,   2 = 2 —  ,  2 = 5 —

 .   « … — -
 »   5   

«5 —  ».  «   -
»   « »   ( ,

)  ,   ( , ) —
 .

       -
 ( ) .   

   ,  4 < 7,
x2 +2x+1 > 0  . .     

       
,   . , -

 «  —  »   R, 
R     .

      
P(t1,…,tn),

  ,  n-
 P  t1,…,tn. P, -
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 , . « »  « -
»     ,  .  

       .
      « -

»,    ,     -
 ,    « » ( ,

   «>»  a > b).
   2 = 4   :

=(2, 4).
( )   

P(t1,…,tn), P — n-  , t1,…,tn  — . 
     

.
    .  

  ,  -
      .

     , 
 ,    ,   -

.    ,    ,
  .   , , -

,  ( ) .

  , 
 ,   .    -

  ,   
,  ,  ,   -

   .  -
  ,   , -

  ,  ,  , 
,      

( )  .

,     -
    ,  -

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

      
     , -

      .

       
  ,      

 .     ,   
     .   

      .
       

 .
   :

   -
   

A & B «A B»
A B «A B   »

A « A»
A B «A B»

 - x A(x) «  x A(x)»

x A(x) «  x, A(x)»

  ,   , -
     :  -

      , . . 
    . -

      ,
, P(P(x)), P — .  

,    .   
    (  -

  ).
  ,    -

    . : «
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 ,    ».    
        -

: O(x)  «x  » P(x)  «x — ». 
   

x(P(x) O(x))& x( P(x)&O(x)).

1.3    

    
  (     ),  -

      
      -

 (  ).
     

       -
       -

.       
     

.       -
.

   
 .  -

    « » .

1.3.1   

 T  , :
   , -

 T;
   {R1, R2, …, Rm} 

 ,  . -
      -

     .

 B     -
.    , ,  , 
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     .  -
    :   (   -

   )  ( )
 (     

).
A1, A2,…, An, A —  T.  -

   R,  < A1, A2,…, An, A> R,  ,
 A    A1, A2,…,

An   R.     -
 :

1 2, ,..., nA A A R
A

,

 A1, A2,..., An ,  A —
.

 A     T -
  F1, F2,..., Fk , A = Fk, 

 Fi (i < k)   , Fi , -
      
1
,...,

nj jF F   (j1,..., jn < i).   T   -
A   ,    

:
 | T A,

    .  T
,     .

  :  =  {B1, B2,..., Bn},  
{B1, B2,..., Bn}| A B1, B2,..., Bn| A.    -

, A   (  ) 
      | A («A  -

»).
      -

 : T   ,  -
  (    -

)       
 T.  ,     -

 , ,   , -
    T, ,  
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,   ,   
   ,  T. -

 ,     T
  ,     

   (  ,  
   ,   

 !).      -
        -
     , ,    -

   ( ,     
,      « »  

).
     ,  

-      .

    P  -
    ,  -

  .     ,  -
,  P    .

      -
    ;  

   ( )    
      ( )  .

T — ,     -
  .  , 

 :
M,  ;

,  n-  
n-   M,  -

 ,  n , — 
Mn M    —  -

 M;
    -

 M;
     .
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      -
   (       -

 ,     -
 ),    ,  

.     , -
,    ,  -

    .  -
,       
,     ,    .

   ,    
 ,    ,  , -

 -    , -
,      .  , 
  ,  ,     -

 -     .

  T ,  -
 ,      -

,      .
  T , 

 ,    P -
   « », P   , 

 « » ,  ,    ,
P    (    

   ).

1.3.2  

     
  ,   

A1) A (B A);
A2) (A (B C))  ((A B)  (A C));
A3) ( B A)  (( B A) B);

  MP (Modus Ponens —   
 ):

,A A B MP
B
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 A, B  C —  .  , -
    ,  

  .     -
,      .

     —
      « » 

« »;    
         -

       -
   .   

     -
,       

. ,   -
, ,   .

,     
    ,    -

 ( . .    ).

1.3.3    

    ,
       .

   T   
:     (  )

.
 :     A, B C

T,     
T.

A1. A (B A);
A2. (A (B C))  ((A B)  (A C));
A3. ( B A)  (( B A) B);
A4. x A(x) A(x);
A5. x (A B(x))  (A x B(x)), A   

  x.
 :     -

   ,      . -
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1. Modus ponens: ,A A B MP
B

2.  : ( )
( )

A x
xA x

Gen

  ,    
,    .

     -
  ,     

.
    ,  -

        
  .  ,   -

        -
   .

 1. (     
, 1936).   ,   

     ,
   .

1.4   

     -
    (  ).  -

    .

, S | F, F     (
 ),  | S.

     :
A B  (A B)  (C& C)  (A& B)  (C& C),
A B  (A& B) A,
A B  (A& B) B.

      -
A B,   A B, . . -

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

, B,   .    -
A B,      A.  
      ,  

C,  ,   C, 
.     ,   -

  .   ,  -
 A& B    , , , -

  A B — .  -
   —      -

. «    « » ,  
 :     

 ,   » ( . ).

1.5    

,   
 | T S

 S,  ,  T,  -
  .  

   , . .   ,
  S,  T    « »,  | T S,

  « »,   | T S.  , , 
     -

      
 T.     

   ,  -
      ( . .  ).

     ( , -
 )     

( ,       -
)     .

.     -
,    ,  

      -
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  .     -
      

(   ).       ,
   — , , , -
   .      

   ,     -
  , ,    

.
     -

      -
,        -
      .

    T,  S 
   T    

« »,  | T S,    « »    
 ( . . ),   | T S.
      «  

»:  , S | F, F    -
.    | T S.

         -
,  ,       -
 ,  ,  .  -

 F      
    ,  -
.

1.6   

   ,   
 ,    

 .

Q1x1 ... Qnxn A,  Qi  , -
, xi xj  i j A    , -

    . (
  n = 0,     .)
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    ,  -
    ,  -

 . ,   
 A    x,  -

A, xA xA        
 .

       -
,      .

 2.  ,  
A   B     -

, A=B.
.    -

  .  :
    

 :
A~B  (A B)&(B A)  (A&B)  ( A& B);
A B A B  (A& B).

 (  )  -
  ,     

     . 
      -

,      .
  .  -

 : Q1x  A(...Q2x  B(...x...)...) =
=Q1x A(...Q2y B(...y...)...),  Q1  Q2 —   y —

 ,    B(...x...).
  ,   

    .
     .

 .   -
      -

     
:

xA = x A;
xA = x A;
A = A;

(A B) = A& B;
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(A&B) = A B.
 .    -

    
  .    

  ,   
   .    

  .    -
  .

( x A & x B) = x (A&B).
( x A & B) = x (A&B), B  x.
(A & x B) = x (A&B), A  x.
( x A & B) = x (A&B), B  x.
(A & x B) = x (A&B), A  x.

       -
   .

      
    .

, xA(x) & xB(x)   
xA(x) & yB(y) (    ).

 ,       
   ,  

  & . ,   -
.

.   , 

x(P(x) & y x( Q(x,y) zR(a,x,y))).
     .

  :
x(P(x) & y x( Q(x,y) zR(a,x,y))).

  :
x(P(x) & y u( Q(u,y) zR(a,u,y))).
  :
x(P(x) & y u( Q(u,y) R(a,u,y))).

 :
x(P(x) & y u(Q(u,y) R(a,u,y))).

 :
x y (P(x) & u(Q(u,y) R(a,u,y))),
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x y u (P(x) & (Q(u,y) R(a,u,y))).
.      -

  .    -
    ,      -

.

1.7 

    , -
    .  -

 x y      -
 , y x.  

.   yP(y)   -
 ,     -

c  ,   P( ) . -
 . , ,  P c  -

x y.   x yP(x,y) 
   ,   xP(x, f(y)), f —

   .
     -

  . , 
x y z u v P(x,y,z,u,v)

    ,   
x y u P(x,y, f(x,y),u,g(x,y,u))

( f  g —  ,   
P).

   ( )
    

,    .
  :

x1 Q2x2... Qnxn A(x1, x2,...,xn) Q2x2... Qnxn A(a, x2,...,xn);
x1... xi-1 xi Qi+1xi+1... Qnxn A(x1, ..., xi,...,xn)
x1... xi-1 Qi+1xi+1... Qnxn A(x1, ..., f( x1, ..., xi-1),...,xn),

a —   , f —  , Q2, ...,
Qn —  ,    -

.
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  . .

 3.    A  B —
 A.  A B 

  .

1.8   

 —      -
 .

—      
.

   —  , -
      

.

 4.   A,   -
,  B,   -

  ( ), B  A.
.    B.

     
:

X~Y = (X Y)&(Y X);
X Y = X Y.

 .   
     -

      -
:

X = X;
(X Y) = X& Y;
(X&Y) = X Y.

  ,  
  &.

.     (X&Y)~( X&Z).
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(X&Y)~( X&Z) = (X&Y X&Z) & ( X&Z X&Y) =
=( (X&Y)  ( X&Z)) & ( ( X&Z)  (X&Y)).

   
( (X&Y)  ( X&Z)) & ( ( X&Z)  (X&Y)) = (( X Y)  ( X&Z))
& (( X Z)  (X&Y)) = (( X Y)  ( X&Z)) & ((X Z)
(X&Y)).

   
(( X Y)  ( X&Z)) & ((X Z)  (X&Y)) =
=((( X Y) X) & (( X Y) Z)) & ((X Z)  (X&Y)) =
=((( X Y) X) & (( X Y) Z)) & (((X Z) X) & ((X Z)

Y)).
    ,
 :

( X Y) & ( X Y Z) & (X Z)&(X Z Y).
,      & , 

      A1&A2&…&An 
A1 A2 … An (n>2),       -

 .  ,    
.     

  .

1.9   

    .  
A       -

    (   
    ).

1.    . .   -
  2.  A1,  -

 A.
2.  A1   -

A2.   3 A1 A2  -
  .

3.   .  -
 : x P(x) P(x).    -

  ,  xP(x) P(x) 
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 .     -
A3,   ,  A2 A3 -

   .
4.     .

    :
X (Y&Z) = (X Y)&(X Z).     -

A4,      .
5.  . : X&Y X,

Y.        -
.

 5.   ,  
A, A      ,

  .
(     ,   -

 ,       
 .)

. A A4  
    . A4

     ,    -
,         .

1.10    

C1 C2      ,
 C1 = P A,  C2 = P B, P —  -

, A, B    (  ,  ,
      ).  -

1 2,C C R
A B

 . C1 C2 -
 ( ), A B —

,  P  P —  .
      .

      
:
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,A A B Modus ponens
B

,A A B R
B

,A B B C
A C

,A B B C R
A C

   .
 6.     -
 .

1.11  

    A B  -
 .      ( -

) .      -
      , 

A B (  , )  -
.   . -

, F(x, p(x,y)) F(t(z,c),u)  : 
  x  t(z,c),   -

u  p(t(z,c),y);   
 F(t(z,c), p(t(z,c),y)).

    -
 = {t1/X1, ..., tn/Xn},  Xi (i=1,..., n) —  -
, ti — ,   X.  

   E ( . .  -
   X1, ..., Xn  t1, ..., tn

) E .  
      

(E )  = E( )   E.
 E1 E2    -

, E1  = E2 .  ,   E1 E2
    ,   
   (   ) 

, ,       -
    .
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1.12    

      -
   . C1 C2 — 

   .  
1 2,

( )
C C R
A B

     ,  
C1 C2    -

P1 P2,  C1 = P1 A, C2 = P2 B,  -
 P1 P2     -
 .     

C1 C2   (A B) ,   
A B  .

1.13  

     -
      

 (    ).
while do

begin
  D ,  -

  ;
 R;
 {R}.

end
 7.     -

,        
  (  ).

.    
 = {P Q, P R, Q R, P}.

  .   -
:

1. P Q
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2. P R
3. Q R
4. P

     .  -
,   ,   

   .   -
      .

5. P R (1,3)
6. Q          (1,4)
7. P Q (2,3)
8. R (2,4)
9. P (2,5)
10. R (3,6)
11. Q (3,8)
12. R (4,5)
13. Q (4,7)
14. (4,9)

     .
1.      -

.  ,    .
2.      

  .  ,   
 

3.   ,    
   ,    -

.    , ,  -
 {P, P Q}.  Q  -
   .

   -
:  ,      -
    .   -
   C D  

 .   .  -
  ,     -

    .   
       :
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5. Q (1, 4)
6. R (2, 4)
7. Q (3, 6)
8. (5, 7)

    -
      -

.

1.14    

     -
      -

,    .   -
  | G.

    G (  -
 )     -

. C —    .
 8.  C   

 ,  | G.
   ,   -

 C,     | G.
     .

1.  -     -
.  ,   ,   G
    .

2.      
  .  ,   , 

 | G.
3.   ,    

   ,    -
.    .

.  ,   -
 ,    -

    .
.     |  (((A B)

A) A).      
 (((A B) A) A).   
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 «   »,   -
 {A A, B A, A}.

     -
 1 3.

1. A A.
2. B A.
3. A.
4. A      (1, 3)
5.       (3, 4).

 ,  .
      -

  .    -
 .    ,  -

   ,   
.       

 ,    . 
  ,     

     ,   -
  ,      

 .
     -

       -
 .  ,  
      -
  .

    [4], , 
        -

. ,     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));
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x,y,w ((F(x,y) & F(x,w)) S(y,w));
x,y ((S(x,y) & M(x)) B(x,y)).

  : 1)   ; 2)  
  ,   ; 3)   -

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

      ,  
 z B(z,harry).    

       
 (        ):

1. F(x,y) M(x);
2. F(x,y) F(x,w) S(y,w);
3. S(x,y) M(x) B(x,y);
4. F(john,harry);
5. F(john,sid);
6. F(sid,liz);
7. B(z,harry).

      
      ,
        

       -
. , ,  john x sid -

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

       -
   (5),    

8. F(john,w) S(sid,w)                          (5, 2) {x john,y sid}
       -

,        -
 2  5,    x john y sid.

, 
9. S(sid,harry) (4, 8)   {w harry}
10. M(sid) (6, 1) {x sid,y liz}
11. S(sid,y) B(sid,y) (10, 3)  {x sid}
12. B(sid,harry) (9, 11)  {y harry}
13. (12, 7)  {z sid}
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 ,    (12), ,
sid  — harry,     (4), (5)  (6).
    ,  -

, harry   .
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2   

2.1   

    ,  ,
     .  

,       -
    .    

       . -
      ,  

  ,    . 
       -

.  —    , 
  :    

  .      «Yes»
 «No».

,    ,   -
    , -

   .

   , -
     .

,      -
, .

 ,     
.

 , ,   -
     .

 ,    
,    A0 A1 ... An, Ai — -

   n 1.
   , ,   -

,       
,    ,    -

 .
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     ,  
 , P(t1, t2, t3).
   P(t1, ..., tn),  (  -

 ) X1, ..., Xm, ,   
X1, ..., Xm    P(t1, ..., tn).

A0 A1 ... An,  
A1&...&An A0,       -

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

     X1, ..., Xm,
    :   X1, ...,

Xm A1, ..., An A0 ( ,  ,  
X1, ..., Xm,   A1, ..., An,   A0).

      
A1&...&An,  Ai —  .  

,     
?- A1, ..., An.

,   ,  :  ,
A1, ...  An?       -

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

,   « »   , 
   ( ,  ,  

   , ,   <  +),  
       .

 ,     
 : 

?- A1, ..., An.
(  X1, ..., Xm)  P   -

    X1, ..., Xm,  -
 A1, ... An    ,

 P.
   1.14     -

  .
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m(X):-
     f(X,Y).
s(Y,W):-
     f(X,Y),f(X,W).
b(X,Y):-
     s(X,Y),m(X).
f(john,harry).
f(john,sid).
f(sid,liz).

 -       -
. ,   ,  

.
      

- . 
?- b(Z,harry).

  «   Z,   -
harry?».

 
Z = sid
Yes

    
  .

 .    -
    , -

       . -
  —      
 .     -

    ,   . 
     -

   ,    
     -   -

  .  , , 
    , , 

,    ,  
   ,   .
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.    
         -

 .
   , 

       -
  .

   -
      ( ).
  ,    -

 ,   — .
    -

      . (  -
     — ,  -

 .)  
  ,     -
 .  

      -
   , 

  .
       

    
 . ,   ,

      
,      

  .   ,   -
     

,     -
  .    

,       
   , -

  .

2.2     

     ,
 ,    .  

  SWI-Prolog (  3.4.5  ), -
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    .  -
      -

.
SWI-Prolog 1   GPL, 

     
-   .    

    Linux,   
Windows. ,      

     SWI-Prolog [2, 8].
 ,     -
    —    

      
  .   

    .2
      -

 «?–»,    ,   -
    .    -

     ,     
,     ,   -

 .       -
    ( ) -

,      -
 .

 ( )     
 , ,

?- 5+4<3.
No

     Yes ( )  
  No ( )     -

     .
       ,

   pl, example.pl.
      , -

1 www.swi-prolog.org
2 Visual–Prolog, web– : www.visual-prolog.com
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  ,       ( -
  ).     -

.       -
    ( pl,    

 ), ,

?- [example].

       
,  :

% example compiled 0.00 sec, 612 bytes
Yes

       (ERROR) /
 (Warning).

      
consult,       
(   ), :

?- consult(example).

pl    ,  -
    Perl,   -

         .
    ,  pl,  

     :

?- consult('example2.prolog').

?- ['example2.prolog'].

         -
    .    

.       ,

?- [example1, 'example2.prolog'].
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       , 
       :

?- ['d:\prolog\work\example.pl'].

 ,      .
    ,    '|' 
   .     
    Enter:

?- [example]
| .
Yes

2.3  - : 

  ;
  ;
     ;

…
  

2.3.1   

    [2, . 26  ].   -
    .   

    .   
 —  « ».  ,   

   ,    :

( , ).

        -
  « »;   —   -

. ,       
  —      ,
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   ( )    -
   .3

. 1    .

. 1 —  

       -
,    ,   

    .

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

,   ( , )  
   « ».   -

 ( )      -
.   —    ,

.
      

  ,    
   ?     
,    :

3     .
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?- ( , ).

,   — ,    -
  ,  :

Yes
     :

?- ( , ).

  :

No

      ,   
   .    «No»  

?- ( , ).

       .
 ,      -

. ,    ?

?- (X, ).

       «Yes»  «No»,  -
  X,     -
  .    :

X = 

   ,      <Enter>, 
   Yes.
       

 ( ,    
).

  ,    ,  
   :



47

?- ( , X).

       . -
      :

X = 

       
 (    ),     -

:

X = 

      -
,   «No»,     .

        
 ,    ?    

  : «  X  Y, ,  X  -
    Y».     -

     :

?- (X, Y).

       
    .      -

   ,      -
  (     )     

 .    :

X = 
Y =  ;
X = 
Y =  ;
X = 
Y =  ;
X = 
Y =  ;
X = 
Y =  ;



48

X = 
Y =  ;
No

   ,   
<Enter>    .

 ,    ,
     ,   

,      (  
).       -

_ ,      
  .

1.      ? ,
  —  Y.

2.     Y? , 
 —  X.

       
  :

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

  :

Y = 
X =  ;
No

      :
  X  Y,    

: (Y, )  (X, Y).
    ,   , ,

,     ,   -
 :

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

      
,    :
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?- ( , X), (X, Y).

    :

X = 
Y =  ;
X = 
Y =  ;
No

     ,   
    .    

   :

?- (X, ), (X, ).

   :

X = 

     ,   -
  .   .   , 

 ,  .   -
 :

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

  —     , -
      .
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( ).
( ).
( ).
( ).
( ).
( ).
( ).

   —  .      -
   ,    :

 .

2.3.2    

      (
  — ).    

     .    -
       

. ,   :

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

    : «  X   Y
  X  ,  X —  Y».

      - :

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

    , . . ,  -
  ,    .

  ,     
:

 (   );
 (   ).
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,  ,   -
 ,  ,  , —  -

.     ,   
   .  ,   -

   (    )  
  («  »).
      

( ),  .    
  .   -

,      ,  -
,   (  ,     —

 ), :

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

        , -
  :

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

       -
 .   ,   

 :

?- ( , ).

        -
,        -
     -
.       ,  
    X Y;    -

     ,  ,  
(X,Y)    -

 ( , ).   X  -
,  Y – .    -
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  (    — X Y),  -
 :

X= ,Y= .

      
,    :

( , ):-
      ( , ).

 ,  ( , )  -
   ( , ),  -

    .   
   ,     
   .  ,   -

 ( , )   
–    Yes.

   « ».  -
      .

     :

  X  Y
X   Y, 

(1) X  Y    
(2) X – .

       :

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

    :

?- ( , ).
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  «Yes»,    . 
  ,   « »   ,  -

  ,  .   
      , -

        ,
   :

?- (X, ).

   ,      -
.

X = ;
X = 

    ,   
     , 

X Y    .    
,   ,   -

 X  Y   (X \= Y).

(X,Y):-
      (Z,X),
      (Z,Y),
      (X, ),
      X \= Y.

2.3.3  

 : X  Y, X
 Y,    ,   

   . .      -
,         , 

       .
   : X  Y,
 1) X  Y  2)  Z, X — -

Z,  Z  Y.    
       :
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(X,Y):-               %  1
     (X,Y).

(X,Y):-               %  2
     (X,Z),
     (Z,Y).

      
  .   ,    
 , ,   ,    

 .     -
       -
  .

   :     -
?

?- ( , X).
X =  ;
X =  ;
X =  ;
X =  ;
No

2.4      
 

       -
     .   

,     . -
  : ,   

 (  )    ,   .
   ,    -

    (  ),  -
   .   -

   ,  
    .  -

        -
  ,     

,     No.



55

     -
    :

1)   (    ), 
,    ,    -

  (   ,  ,  -
 ;  ,   —   -

);
2)     (   ).

        -
         

  ,   ,     -
 .

 :

?- ( , ).

     .   
     ,  -

      .
,       

 1  2,  .  
     —  ,  -

 -    .
  (1  2)    

   .   
,       :

(X,Y):-               %  1
     (X,Y).

       
 :

X = , Y = 

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

     -
( , ).      

     :

X = , Y = .

      :
( , Z), (Z, ).    -

        -
   ,    .   -
 ,        

.     Z  =
.  ,   ,  
  ( , ).

       1.
 ,   ( )    

       . -
        -

    .  
,     1    -

 :

(X1,Y1):-               %  1
     (X1,Y1).

     ( ,
)  X1 = , Y1 = .  

 : ( , ),   
  ,      

 .
    ( . . 2) -

  .      
,    .    -
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( , )

( , ) ( , Z),
(Z, )

( , )

( , )

  1   2

No

Yes

  1

Z =   
( , )

   ( ) 
,        

 .     ,  
     (  )  - , -

  «Yes».    «Yes»,   -
   .   -

    ,   -
 .        

  ,    .  -
 ,      ,  

       -
     .

. 2 —   ( , )



58

2.5    

     
   .

 

      
  ,   ,   -

   .    , 
     ,   

      -
,   

 ,
 .4

      -
,   .   -

  ,     
.   ,   -

     ,  , -
,      
 .

    
        -

.      
   ,  

    .   -
       -

,    (  )   
.        ,

       

4     ( ) -
      , -
     .  ( -

)  —   , . . 
      (

  ).
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     .  
   , -

      
 ,   ,   

 .     -
      .

     
        -

    -  -
 ,    . ,  ,

       ,
      -

   ,    -
 . ,   
   ,   

 .

2.5.1    

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

    —  .
     ,  , 

 .
 .    

      C,
,   (  ) C   
G1.      -

,   .
C    

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

C  C,      
G1,...Gm.

C   — H  :- B1  , ..., Bn  .
G1  H ; S —  -

 .   G1, G2, ..., Gm G1
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 B1 ,..., Bn ,     -
: B1 , ..., Bn , G2, ..., Gm.

,  C — , n = 0,    
    ,  ; 

       -
   ,  ,    -

.
       -

,    S,  
   B1 , ..., Bn , G2 , ... , Gm .

  (     )  -
  .     -

,        -
 .     

,       -
  ( )   .

  ,   ,
   C (C —

,  ),  
      -

 .

     
      (   ): -

        -
  ,       -

 ,     
.     , . .    -
       ,

         -
        

  .

2.6   SWI-Prolog

       -
.  ( )   -
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   .  —  . -
 4  : , ,  
.  . 3    

  .  SWI-Prolog    
    .   -

 ,     SWI-Prolog  
     .  SWI-Prolog

(       )  
 -    (

  )  ,    
.

. 3 —      

     -
   ,    ,  -

        
  («_»). : X, _4711, X_1_2,

R , _x23, _.   (
 )    —

 (   ).  
,       .

    -
      ,  -
       -

. ,  :  
    ,   

 

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

       -
:

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

      
     .

,  ,     ,
 ,   :

' -   ':-
          (_,_).

     , 
  ,     
.     ,  , 

  ,      :

?- (X,_).

     
.

1.   (   ),    -
,    .

2.     (  -
   ):

<<  >>   >>>  >+<  +++   =>  <=  <=>  <->
::+  ::  .:.

       
:    

      ,  , -
     , 

     SWI-Prolog.
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3.   ,    -
.    . : 'X',

'..............', '      '.
      . -

   ,      -
: 1, 1313, 0, -97.       -

  ,     
    , -

   . SWI-Prolog 
      –2147483648 (–231) 

2147483647 (231–1).
      

.     , 
  : 3.14, -.0035, 100.2.  -

      -
 .     ,   — ,

      , 
  .     -

  ,      -
. ,  ,      -

 .
       

SWI-Prolog.  :   
«/*»  «*/», 

/*   —  */

  ,      -
,    . ,

    «%»   , -
  .

%  –  

  ( )   
 (  )    ( -

 ,   , ,    -
 ),      
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.       -
-      .  

.     
    .   ,

,        -
 .     

.     
  .      , 

       ,
   .  -

       .
   ,   — . 

   ,   -
  ,    -

 .
 : date(16,1,2005), ( -

, '   ').    -
    (     -

 ),    —   
 .

,     
,   :     -

 (  )    (
,   , ,    -

 ),       -
.       
.

      
   .   -

   ( ).   
       -

.      .
   0-  ;    

  :

' -   ':-
          (_,_).
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    , 
,   ,     .  -

      ,  
  .      -

,   (    -
).   ( ,

'   ')    —  ,
   ,   

  ,      , 
    .  -

       
      

    .
   ( ,  help’  ) 

  :      -
      (  
), , ' -   '/0, -

/2.     -
   /  .   

,       -
  ,   -
 (    ).  -

/      
   «+» ( )  «–» ( -

).  «?»   ,   
  ,   , , -
(?X,?Y).

      ,
  ,  :  ,  

,    ,    , 
  :   
.    ,  
 ,    

   .      .
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2.7    

   ,
   .

-

     
  . 

?- p.

,  

p :- p.

   .
     «

»,    -
  .        

:       
.

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

 1

(X,Y):-            % pr1
     (X,Y).

(X,Y):-            % pr2
     (X,Z),
     (Z,Y).

    .
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?- ( , ).
Yes

 2

  pr1  pr2 :

2(X,Y):-
     (X,Z),
     2(Z,Y).

2(X,Y):-
     (X,Y).

    .

?- 2( , ).
Yes

        -
,    .   ,  

     
trace.5  

?- trace( ), trace( ).

  

?- ( , ).
?- 2( , ).

 3

   ,     
pr2    .

5         -
.
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3(X,Y):-
     (X,Y).

3(X,Y):-
     3(Z,Y),
     (X,Z).

    .

?- 3( , ).
Yes

 3( , )    
.        1

 2.

 4

   1   ,    
 pr2.

4(X,Y):-
     4(Z,Y),
     (X,Z).

4(X,Y):-
     (X,Y).

   4( , ) -
    .   .  
4( , )   4(Z, ), 

,   ,  4(Z1, ), -
       -

,       : -
4(Z2, ), 4(Z3, ),…

  ,  -   -
    ,    -

   ,   .  
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       (  
  ).

                                   
       (

 );
  6 .

6   —  ,    
,      (    3  4   pr2

     ).
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3  

3.1  

     , 
   .  

  — ,    
 «=».    

?– <  1> = <  2>.

     .    -
    1.11  ,  
, ,   .  

      ,    -
  ,    

   ,   -
    .

    ,  -
,   .   

   , . . 
     .

     -
   .  , , 

 X    ,   
  7.   X     

  (       )  -
    .      -
-      -  ,   -

         
.

   :

7  ,      ,  -
   .     -

     ?     -
.
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?- X=5.
X = 5
Yes

?- g(X)=g(f(3,a)).
X = f(3, a)
Yes

?- g(5,X)=g(Y,f(a,b)).
X = f(a, b)
Y = 5
Yes

?- 6=6.
Yes

?- 6=2+4.
No

?- X=Y.
X = _G156 %     

Y = _G156
Yes

?- X=5,Y=6,X=Y.
No
?- X=1,X=2.
No

?- _ = 5, _ = 6.  %   -
   

Yes

,    , -
 «\=». 

?– <  1> \= <  2>.

 ,    . ,

?– a \= b.
Yes
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,   =  \=    
 :

?- =(X,5).
X = 5
Yes

3.2  

    (   ),
    .   

   :

+
–
*
/

^ (  **)   
//  
mod   

        ,
//(X,5).
       

:

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)
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log(X)  ln X
log10 (X)
exp(X)  e^X
pi =3.14159
e = 2.71828

pi e    -
.

      -
   (   )    -

 ,    , 
 .  -

    :

–2 +sqrt(b^2–4*a*c);
(X–1)//((X+Y–1)^2+1).

      -
 , ,  X Y 
 ,  (X–1)//((X+Y–1)^2+1) 
   .   , -

   ,    ,  
    . -

  —2+sqrt(b^2–4*a*c)  , -
  .      

       -
  .

     (  
,   )? « » 

?- X=1+2.
X = 1+2
Yes

  ,      1+2 -
   ,     -
 X.       :
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?- pi=X.
X = pi
Yes

?- X= max(1,1).
X = max(1, 1)
Yes

?- X=log10(10).
X = log10(10)
Yes

     -
  is. is -

   ,   
     :

?- X is 1+2.
X = 3
Yes

       
 ,    is. 

 :
?- X is 5/2, Y is 5//2, Z is (X+Y+0.5)*2.
X = 2.5
Y = 2
Z = 10
Yes

     
     

,   .   (  
,   ) -

   .

  is   -
 (     ).  

 —  ,     
.        

.
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- ,  is     ,
  .       -
 (  )    

  Yes  No.

?- 5 is 5+1.
No

?- 5 is 4+1.
Yes

?- 3+2 is 4+1.
No

- ,  ,  ,
 is    (   

). :

?- X = 2, X is X+1.
No

?- X is 3, X is 0.
No

  ,    
  (       ).

 , is   
 ,     
   .

     -
   . ,  
      , 

   277  37      10000:

?- 277*37 > 10000.
Yes
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   ,   «>»,   
is,     
(         — 

 ).
    , -

     .
X > Y, X Y.
X < Y, X Y.
X >= Y, X   Y.
X <= Y, X   Y.
X =:= Y, X Y .
X =\= Y, X Y  .

 ,     
   «=:=»    ; -

,  -     X=Y X=:=Y. 
   X Y,    -

,        -
  X Y.      -

.   , =:=  
 ,      -

  .    -
   :

?- 1+2 =:= 2+1.
Yes

?- 1+2 = 2+1.
No

?- 1+A = B+2.
A = 2
B = 1
Yes

3.2.1    

 1.  ,  
      -



77

.      -
sqrt    :

(X,Y,Z):- Z is sqrt(X^2 + Y^2).

   ,    -
       ,  , 

    .   ,
  ,      —

 ,     
number    :

(X,Y,Z):- number(X), X>0, number(Y), Y>0,
                    Z is sqrt(X**2 + Y**2).

    :

?- (3,4,X).
X = 5
Yes

?- (3,a,X).
No

?- (3,X,5).
No

 2.  ,     -
 —     — -
    .  

,  ,   min:

_ (A1,B1,A2,B2,Min):-
                   (A1,B1,C1),
                   (A2,B2,C2),
                   Min is min(C1,C2).

      :
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?- _ (3,4,8,6,X).
X = 5
Yes

?- _ (3,4,Y,6,X).
No

 3.   n 
     1 n .  -

  n  n!.  -
 ,  0! = 1.   :

n!=n  (n–1)  (n–2) …  2  1 = n  (n–1)!
     (integer —
 ; :    

):

(0,1).
(N,R):- integer(N), N>0, N1 is N-1,

                 (N1,R1), R is N*R1.

  (    ,  
   ,    
 ) ,     .  -
     : R

  N   ,  
.     n >1 ,  -

       -
         ,

      .
 1.   N1 is N-1, -

(N1,R1), R is N*R1    -
    (      
  ).    

   ,    -
      -

 .    is 
   ,  
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    ,   
    .

 2.       
,   N-1 

(    N)    is  -
  .

(N,R):- integer(N), N>0,
                 (N-1,R1), R is N*R1.

3.2.2 

 ,      -
    .
,       .

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

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

cos(x), ln(x)  exp(x).
   —  

  .

dv(X,X,1).
dv(Y,_,0):-

    number(Y).
dv(Y,X,0):-

    atom(Y),
    X \= Y.

dv(X^N,X,N*X^N1):-
    number(N),
    N1 is N-1.

dv(X^A,X,A*X^(A-1)).
dv(A^X,X,ln(A)*A^X).
dv(sin(X),X,cos(X)).
dv(cos(X),X,-sin(X)).
dv(exp(X),X,exp(X)).
dv(ln(X),X,1/X).
dv(Y+Z,X,DY+DZ):-
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    dv(Y,X,DY),
    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).

dv(A,X,dv(A,X)).

    ,   
 No,     .  
dv(A,X) —  ,   -
A X. ,   :

?- dv(x^2+y^3+sin(x)+2^x+ln(x*x)+(x+1)*x,x,R).
R=2*x^1+dv(y^3,x)+cos(x)+ln(2)*2^x+dv(ln(x*x),x)+((1+0)*x+1*(x+1))
Yes

    . -
,      ,  -
ln(x*x). - ,     

y^3  x. - ,     
 .

      
 (         

  ).        5.1,
    , -
    .

    —  -
 ,      -

.    simple,
   ,    
.  simple   -

 :   0,   1,  -
   . .
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3.3 

3.3.1    

 —   ,   
 .    -

,     .
     
:

    (     -
) 
    (   )   (

 ).
     

,     «.». :
[] —  ;
.(a,[]) — ,     — -

a,   — a,  —  ;
.(a,.(b,.(c,[]))) — ,    -

a, b c,   — a,  — 
.(b,.(c,[])).

       -
    —   

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

:

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

?- [a,[a],[[a]]] = [X,Y,Z].
X = a
Y = [a]
Z = [[a]]
Yes
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?- [a,b,c, 4,5]  = .(X,Y).
X = a
Y = [b, c, 4, 5]
Yes

    ,    
  .   ,   

     ( )   .
       , -

   ,     «.», 
       
:  ,     .

    :

?- [a,b,c] = [X|Y].
X = a
Y = [b, c]
Yes

     
  ,     -

      ,    -
 .     -

  :

?-
L=[1,2,3,4],L=[H|T],L=[X,Y|T1],L=[X,Y,Z|T2],L=[_,_,_,
_|T3].

L = [1, 2, 3, 4]
H = 1
T = [2, 3, 4]
X = 1
Y = 2
T1 = [3, 4]
Z = 3
T2 = [4]
T3 = []

Yes
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      :

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

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

     —   ASCII -
.       , -

,

?- Y = " ".
Y = [193, 238, 240, 232, 241]
Yes

?- " " = [X,Y|" "].
X = 193
Y = 238
Yes

3.3.2    

    :  
   ,    , -

    .

    ?
   ,    -

       . 
 :

listp([]).
listp([_|_]).

      -
 .   SWI-Prolog   
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is_list,    ; 
       :

?- listp(X).
X = [] ;
X = [_G231|_G232] ;
No

?- is_list(X).
No

   .
       -

:      ,  
     .  -

      
.

       [H|T].   -
   ,       H,  -

   T,       -
.  :

member1(H,[H|_]).
member1(H,[_|T):-
       member1(H,T).

     ,  
   ,     -

 .     , 
   , , ,  
 .

:

?- member1(5,[1,2,3,4,5]).
Yes

?- member1(5,[1,2,3,4]).
No
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  member1,  member, -
        -

   (     , 
member1).   «  »,  

,       -
.

  member1, , 
     .  

,  :8

?- member1(X,[1,2,3]).
X = 1 ;
X = 2 ;
X = 3 ;
No

         -
.

?- member(1,X).
X = [1|_G261] ;
X = [_G260, 1|_G264] ;
X = [_G260, _G263, 1|_G267]
Yes

     (   ), -
   (   

  ).  ,  -
    member1(?X,?Y).

      ,  
   .     ,

       
 .   member1   -

8      « » —
  .      

  ,       -
 (     ),  ,  

      .
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:    ,    (   -
 listp).

?- member2(1,[2,3,4,[[[[1]]],5]]).
Yes

    .
 ,     ,

  :

(H,T,[H|T]).

        
  ,    -    -

 .      
    .

  .
 append(+X,+Y,–Z),  

    ,  Z   -
  ( ) X Y: Z -

   X,    
Y.

  .    
X:

1)  X  ,   Z  Y;
2)  X  [H|T],    -

   X Y,  T Y
     H  .

 :

append1([],Y,Z):-
       Z=Y.
append1([H|T],Y,Z):-
       append1(T,Y,L),
       (H,L,Z).
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:

?- append1([1,2,3],[4,5],Z).
Z = [1, 2, 3, 4, 5] ;
No

    .  . - ,
   Y Z    

   .    
      ( ,  

   ),     
     . - ,

,    , Z   
[H|L],    Z  [H|L]. -

   (     , 
  append):

append([],Y,Y).
append([H|T],Y,[H|L]):-
       append(T,Y,L).

:

?- append([1,2,3],[4,5],Z).
Z = [1, 2, 3, 4, 5] ;
No

,     -
.       

append(+X,+Y,–Z),   append(?X,?Y,?Z).
,

?- append([1,2,3],[4,5],[1,2,3,4,5]).
Yes

?- append(X,[4,5],[1,2,3,4,5]).
X = [1, 2, 3] ;
No
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?- append([1,2,3],Y,[1,2,3,4,5]).
Y = [4, 5] ;
No

?- append(X,Y,[1,2,3]).
X = []
Y = [1, 2, 3] ;

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

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

X = [1, 2, 3]
Y = [] ;
No

?- append(X,Y,Z).
X = []
Y = _G220
Z = _G220 ;

X = [_G304]
Y = _G220
Z = [_G304|_G220]
Yes

 , append    , 
  ,       -

  ,   -
.

    .
     :

        1,  
     ,  

. , ,     .
  length ( ) -

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

:

?- length([a,b,c,d],X).
X=4;
No

   .
    :

1)  ,     
,      , — 

 ;
2)  ,     -

,   ,     1.
       ( -

   ):

sort1(L,R):-
    append(X,[A,B|Y],L),
    A>B,
    append(X,[B,A|Y],L1),
    sort1(L1,R).
sort1(L,L).

:

?- sort1([3,4,5,6],R).
R = [3, 4, 5, 6]
Yes

append    , 
    A B.  A>B

 ,    append 
 .    ,  -

  ,  append,  -
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   (  A B    
).   append  

.
 ,    , -

   ,     -
.       ,     

    .

3.4 

 ,      
,    -

.      : 
  .     -

    .

3.4.1     

      -
       . , 

     ,    -
      . 

     :
,   .      

 ,     
  ,       -

 .    ,   ,
   ,    -

: , , .     :

( ( , , 45), ( , , 44),
     [ ( , , 22), ( , , 18)]).

( (bob, , 35), ( , , 30),
     [ ( , , 13)]).

( ( , , 24), ( , , 24),[]).
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 ,     -
   ,  ,  

  .
   ,   

      
  (     « »).

     ,   -
   ,     -

  .    
      

        
.

,       :

?- ( ( ,_,_), (X,_,_),_).
X = 
Yes

,        — -
:

?- (Y,Z,[D]),D= (_, ,_).
Y = (bob, , 35)
Z = ( , , 30)
D = ( , , 13) ;
No

        ,  , 
  :

?- (_,X, [_|_]).
X = ( , , 44) ;
X = ( , , 30) ;
No

    ,    
      ,   

 .
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 ,    
,      , -

      . -
      -

 .
 «  »:

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

?- (X).
X =  ;
X = bob ;
X =  ;
No

 «  »:

_ (X,Y):-
    ( (X,_,_), (Y,_,_),_).

?- _ (X,Y).
X = 
Y =  ;

X = bob
Y =  ;

X = 
Y =  ;
No

 « »

(X,Y):-
         ( (X, _,_), _, L),
         member( (Y,_,_),L).

(X,Y):-
         (_, (X, _,_), L),
         member( (Y,_,_),L).
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  ?

?- (X, ).
X =  ;
X =  ;
No

  ,  ,    -
 :

?- _ (X,Y), (X,_).
X = 
Y =  ;

X = 
Y =  ;

X = bob
Y =  ;
No

  , X = , Y = ,  ,
    .

3.4.2  

     — 
.       

.
     -

   .   
 ,    .

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

 — para(R1,R2).   -
 ,     , -

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

,      -
  ,     -
.  simple(+X,–R) (X — 

 , R —  —   ):

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).

?- 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.
     ,   5,  

    ,      
 tree(nil,5,nil).   . 4

  

. 4 —  
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tree(tree(nil,3,nil),1,tree(nil,5,nil))  
tree(nil,5,nil),     -

tree(tree(tree(nil,3,nil),1,tree(nil,5,nil)),
4, tree(nil,5,nil))

p —       ( -
    ),  
   —        

:

p(nil, …):-

p(tree(L,X,R),…):-

      , -
    (  ):

   (nil),   0.
   ,   tree(L,X,R),  

 ,   S    ,
    L (   -

S1),     R (
 S2)  S    

X,S1 S2.

(nil,0).
(tree(L,X,R),S):-

      (L,S1),
      (R,S2),
      S is X+S1+S2.

 ,  ,    X
   :

tree_member(X,tree(_,X,_)).
tree_member(X,tree(Left,_,_)):-
                     tree_member(X,Left).
tree_member(X,tree(_,_,Right)):-
                     tree_member(X,Right).
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 .

% 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).

% 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

?- tree_sort([8,10,6,5],X).
X = [5, 6, 8, 10] ;
No

3.5   (  )

     -
 (  /  ),  ,   

.
    (  -

 )  . ,  -
,      -
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, a+b+c a*b*c,   .  
     :

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

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

 , a+b+c a*b*c 
  ,  (a+b)+c  (a*b)*c -

. ,  + *  - .
  , a^b^c   

, a^(b^c). ,    -
:

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

      -
 ,      

     . :

?- a+b*c = X+Y.
X = a
Y = b*c
Yes
?- a+b*c = X*Y.
No

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

=  +,* ^,    
 . , ,   

   support   
,       
:

  .
 support .

    :

( , ).
support( , ).

    ,  
 ( ,    )  -
 ,  ( ). 

      
   :

:- op(600,xfx, ).

    ,  -
     
,    600    xfx;

     . 
 xfx ,    ,

 f,     -
,  x.

 ,       -
   -    . -

,   ,     -
   ,    -
.

  .  
     1–1200.
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     , 
  , , xfx.  

  .
 : xfx, yfx, xfy.
 : fx, fy.
 : xf, yf.
   ,   -

  : f  , x y —
. 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);

xfx ,     -
;  mod, X is 120 mod 50

mod 2 —  ;
fx ,    -

f     ,   
«–»  fx, ––x —  -

  (  —(–x)).
fy ,    -

f     .
      —

    .
:

:- op(750,xfx, ).
:- op(500,yfx,and).
:- op(700,xf,fact).

  « »     
 :
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  .
  .

?- X  .
X = 
Yes

?- X=and(a,b).
X = a and b
Yes

?- Y = fact(a).
Y = a fact
Yes

and fact  :    —
,  —  . , 

    .
     . 

    op  .

1200   xfx   -->, :-
1200   fx    :-, ?-
1100   xfy   ;, |
1050   xfy   ->
1000   xfy   ,
954    xfy   \\
900    fy    \+, not
700    xfx   <, =, =.., =@=, =:=, =<, ==, =\=, >, >=, \=, \==, is
600    xfy   :
500    yfx   +, -,
500    fx    +, -, ?, \
400    yfx   *, /, //,
300    xfx   mod
200    xfy   ^
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4    

      —
  .     -

    —   
    .   -

    .    -
     4.4.    , -

   .

4.1 
 

      . -
   -

,  .   -
  .

 
4.1.1  

    -  
  ,    

-   .   —  
,      -

   .   ,  
     -

 .      
 .      -

 « ».
   ( . 5).

. 5 —  
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 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.

      .   
     ,   

    ,   .

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

 ,   f,  -
,       

 . ,  (   - ) , , 
      ,    -

,       .  ,
   1  ,    ,

  « » ( . 6).  
      -

,        .

. 6 —  
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      -
.      «!», 

       
(   ,   ).

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

 «!»      , 
  .    

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

 -     , 
  6.       2 < 0. 

  ,      
,   «!».  , -

  2   3,   .

:  ,   .
   ,     ,

     ,  ,  -
.  ,       -

      , -
       .

 2

       
. ,   :

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

 ,    ,   -
   .  , X < 3  -
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  (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

 ,    ,    -
,      ,

     .

 « - »  ,  -
   ,  .  

   ,     -
         -

,       -
  ,   .  -

    (  -   ) -
  .



105

:

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.

    C  .
     P,Q,R; , 

    ,  
      . -
 ,  C,

C:-V.

   .      -
   S,T,U.     C.
    A,    

     B,C,D  
    ,   

C.
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4.1.2    

 
 (+X,+Y,?Z),  -

, Z     X  Y.
       .

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

      , -
  .

?- (20,50,X).
X = 50
Yes

?- (100,50,X).
X = 100
Yes

?- (X,50,100).
X = 100
Yes

  ,     -
    : «    , 

      50   100?». 
 ,     «No»   -

?

?- (X,50,40).
No

      :

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

(_,Y,Y).
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     , ,  -
 .        -

  .

 member
 member    -

:

member(H,[H|_]).
member(H,[_|T):-
       member(H,T).

       -
: member(+H,+L)  member(–H,+L).   

    .
   member  -

 .      3.4.

( ( , , 45), ( , , 44),
     [ ( , , 22), ( , , 18)]).

( (bob, , 35), ( , , 30),
     [ ( , , 13)]).

( ( , , 24), ( , , 24),[]).

_ (X,Y):-
    ( (X,_,_), (Y,_,_),_).

(X,Y):-
         ( (X, _,_), _, L),
         member( (Y,_,_),L).

(X,Y):-
         (_, (X, _,_), L),
         member( (Y,_,_),L).

?- _ ( ,Y), ( ,_).
Y =  ;
Y =  ;
No

    .  , -
  .      «;»,  -
 ,   ,   .
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_ ( ,Y)    
Y= . ( ,_)    -

(X,Y):-
         ( (X, _,_), _, L),
         member( (Y,_,_),L).

(     .) 
,    ( ( ,

_,_), _, L),      L. 
     .

    member( (Y,_,_),
[ ( , , 22), ( , -

, 18)]),     (    ).
       !

    ,   -
 member,   member(–H,+L) 
   ,   ,   

.  :

member1(H,[H|_]):-!.
member1(H,[_|T]):-
       member1(H,T).

       , 
       . -

:

?- member1(2,[1,2,3]).
Yes

?- member1(X,[1,2,3]).
X = 1 ;
No

     
member1:
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(X,Y):-
         ( (X, _,_), _, L),
         member1( (Y,_,_),L).

(X,Y):-
         (_, (X, _,_), L),
         member1( (Y,_,_),L).

   « » :

?- _ ( ,Y), ( ,_).
Y =  ;
No

      
member    .

.   SWI-Prolog  
memberchk(?X,+L) –  member:

?- memberchk(X,[1,2,3]).
X = 1 ;
No

  ,    ( -
  )

    :

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

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

:

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

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

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

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

    :

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

4.2   

   -
   .

 

       
  .   ,  [6, . 150–

153].

 
  ,    ,

  ,   , -
.       -

   .   ,   -
,      ( -

) .     ,  
   :

  P     , 
,    P.

   
     ,  -
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 . ,  , -
    .  -

   .  — -
 ,     ,    
     .

   , 
 ,    ,

 ,  ,  -
 ,     

   . , ,   -
   :

( ).
( ).
( ).

       :
«X   , 

X  —      
X  —        
X  —    ».

 -      -
         
:

«X        , 
X  —      
X  —        
X  —    ».

   
 not  (« »)   .

   ,   
(    )  -

.   ,     ( ) -
 ,  ,    ,  

  . 
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?- not( ( ,X).

     , 

?- ( ,X).

 .
    not 
  ( . .   ).

 ,     -
,     ,   -

.

( ).
_ ( ).

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

?-  _ ( ).
Yes.

   ,     -
      .

   « » :

( ).
( ).

(X):-
       not( (X)).

?- (X).
No
?- ( ).
Yes
?- ( ).
No
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     SWI-Prolog  
  not    -
\+ (    «  »; \+

Goal , Goal  ).   -
not    : -

not,    ,   -
     . 

not    ,   -
  .

4.3     

   -
  -

.
 

 
      -

 .    ,   -
 - :    ,

       .
 ,   -

 .     -
. ,   ,  

 p:

p:-a1,!.
p:-a2,!.
p:-a3.

,     , 
  ,     -
  ,     .
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     -

  .   [2, . 132–
133]:

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

    p     ,
    (a  & b) c.    -

  ,   :

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

  p   :

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

    p     ,
    (a  & b)   ( a  & c).   -

     :

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

      ( p -
 (a  & b) c).

   , 
,      -

.

 
      -

.        
: true (« ») fail (« »).  
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  ,   ,   -
.

?- true.
Yes

?- fail.
N

  « »   
  .

\+(P) :-
    P,!,fail.

\+(P):-
    true.

      (« -
 »)    .  :

r(a).
g(b).
p(X) :- \+ r(X).

     ,    -
 .  ,     ,

   :

?- g(X),p(X).
X = b ;
No

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

     .   ,
  p(X), X  -

 b.   p(X)   -
 .
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4.4 

       ,
       — 

  .     , 
    ,   

.
, , .

 ,      
 (  )   .

     . 
       .

      (    
,   -   ).

  —  .  -
     —  

p([],L):-
         ……

  (  ) —   -
.      .  

 —  

p([H|T],L):-
         P(T,X),    %X –    
         %   H,
         %  ,     ,
         %  Y,
         %  X  Y,  L,
         %  ,     .

,       -
    .  

(+List,–NewList), List  — 
 NewList  —    .
  List     -

,  .
1.  : List = [].
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  ,    NewList — 
.

2.  : List = [Head|Tail].
  ,   Head

 Tail,    :
   Tail   -

  ,   NewTail;
  Head  ,  NewHead;

      .
 :

([],[]).
([Head|Tail],[NewHead|NewTail]):-

          (Tail,NewTail),
          NewHead is Head*Head.

?- ([1,2,3,4,5], Squares).
Squares = [1, 4, 9, 16, 25];
No

      , -
   (       ).

summa_list([],0).
summa_list ([H|T],S):- number(H),
                       summa_list (T,S1),
                       S is S1+H.
summa_list ([H|T],S):- \+(number(H)),
                       summa_list (T,S).

      -
 ,      (   -

    ).

p([],[]).
p([H|T],[H|X]):-
         p(T,X),
         H>0.
p([H|T],X):-
         p(T,X),
         H=<0.
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     (
,    C) —   -    -

 .      
     (   )

   .     -
,      .

    .
      , -

   (       ).
  summa_list(+V,-N)  -

      
(          , 

   ,     -
):

summa_list(V,N):-
          summa_list(V,0,N).   %   - ,
                               %   = 0

      :

summa_list([],N,N).
%    ,     ,
%   

summa_list([H|T],X,N):-
             number(H),
             Y is X + H,        %  
             summa_list(T,Y,N). %  

summa_list([H|T],X,N):-
             \+(number(H)),
             summa_list(T,X,N). %    

      -
 ,      (   -

    ).   -
p(+V,-L)    
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p(V,L):-
    p(V,[],L).
%   – ,
%   –  

      :

p([],L,L).
%    ,     ,
%   

p([H|T],X,L):-
         H>0,
         p(T,[H|X],L). %    

p([H|T],X,L):-
         H=<0,
         p(T,X,L).  %    

     -
    —     .
      .

:  p(+V,–L) —  
  , L —    V, -

     .
  p(+V,-L)   

    

p(V,L):-
    p(V,[],L).
%   – ,
%    

      :

p([],L,L).
%    ,     ,
%   

p([H|T],X,L):-
         \+(member(H,T)),
         p(T,X,L).
%        ,    
%  (     )
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p([H|T],X,L):-
         member(H,T),
         \+(member(H,X)),
         p(T,[H|X],L).
%       ,     
% (     ),    
% (    )

p([H|T],X,L):-
         member(H,T),
         member(H,X),
         p(T,X,L).
%       ,     
% (    ),     
% (     )

:

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

   ,   
member  memberchk ( .  4.1).

     
 ,    .  -

    :

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

f(N,N,R,R).
f(N,X,Y,R):-
        X =\= N,
        X1 is X+1,
        Y1 is Y*X1,
        f(N,X1,Y1,R).
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5   

  
   ,

   . 
 ,  -
     

.    -
   
    

,   -
 « ».

. . , . . ,
. . , . . ,

. .  [3, . 363]

      -
,        .

5.1    

5.1.1   

     : ,
 ,   . .     -

,          
    .  -

,   ,     ,
  . .   ,    -

  . ,    
is,        

  (   -
  ).     

  var, nonvar, atom, integer,
float, number, atomic, compound.  

  .
var(X).   , X   -

 —   .
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nonvar(X).  , X —  -
 X —   .

atom(X).   , X   -
   .

integer(X).   , X  
    .

float(X).   , X  
    c  .

number(X).   , X  
   .

atomic(X).   , X  
     .

compound(X).   , X  
     ( ).

     
:

?- var(Z),Z=2.
Z = 2
Yes

?- Z=2,var(Z).

No

?- var(X+Y).
No

?- Z=2,nonvar(Z).
Z = 2
Yes

?- nonvar(Z),Z=2.
No

?- Z=2,integer(Z),integer(5).
Z = 2
Yes
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?- atom(6.7).
No

?- X=abc,atom(X),atom(===).
X = abc
Yes

?- atomic(5.6),atomic(<>).
Yes

?- compound(_+_),compound(f(a)).
Yes

5.1.2    

       -
 : functor, arg, name «=..». -

  =..,    -
     « » (univ). 

Term =.. List

 , List — ,  
(  )  Term,    

. :

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

?- X =.. [=,6,a].
X = 6=a
Yes

?- X =..[1,2,3].
ERROR: Type error: ‘atom’ expected, found ‘1’

?- X =.. a.
ERROR: Type error: ‘list’ expected, found ‘a’
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?- [1,2,3] =.. X.
X = ['.', 1, [2, 3]]
Yes

   ,  
 3.2. - ,     

dv(A,X,dv(A,X)).

  .
- ,    -

.      .
     -

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

 g (x) x.     
        -

,  .   -
 =../2.

 =../2   
    (   -

   ).

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(ln(x*x),x,R).
R = 1/(x*x)*(1*x+1*x)
Yes

    —  -
y^3 x.    
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dv(Y,_,0):-
    number(Y).

dv(Y,X,0):-
    atom(Y),
    X \= Y.

 ,   0,   -
    .  

in(+Term,+SubTerm),  , 
 Term  SubTerm.   -

 =..,     
      .

  inList(+List,+SubTerm),
       . -
in  inList  : in 

inList,       in.

in(Term,Term):-!.
in(Term,SubTerm):-
        compound(Term),
        Term =.. [_|Args],
        inList(Args,SubTerm).

inList([H|_],SubTerm):-
        in(H,SubTerm),!.
inList([_|T],SubTerm):-
        inList(T,SubTerm).

:

?- in([1,2,3],20).
No

?- in([1,2,f(3,20)],20).
Yes

?- in([1,2,f(3,20+a)],20+a).
Yes

?- in([1,2,f(3,20+a)],a).
Yes
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     :

dv(Y,X,0):-
    \+ in(Y,X).

     y^3 x:

?- dv(y^3,x,R).
R = 0
Yes

.      -
.  X^A A^X -

 ,  A   X.  , 
   ,  ,  -

 , , sin(x) x,  
     . -

,      -
     .

   ,  
 .

functor(?Term, ?Functor, ?Arity)
  ,  Term  

Functor    Arity.
arg(?N, +Term, ?Value)

  ,  Term   
N-  -   (    1) -
 Value.

name(?AtomOrInt, ?List)
  , List    ASCII
,    (   ).

    -
:

?- functor(f(a,b,c),X,Y).
X = f
Y = 3
Yes



127

?- functor(X,s,2).
X = s(_G274, _G275)
Yes

?- arg(3,f(a,b,c),X).
X = c
Yes

?- arg(X,f(a,b,c),Y).
X = 1
Y = a ;
X = 2
Y = b ;
X = 3
Y = c ;
No

?- name(abcd,X),name(Y,X).
X = [97, 98, 99, 100]
Y = abcd
Yes

?- name(123.45,X).
X = [49, 50, 51, 46, 52, 53]
Yes

5.2   

     
 .   
.      

,    — .  
    :

see (+File)  —    
;

tell (+File)   —    
;

seen  —     ;
told  —    .

     :  -
     .
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:
read(-Term) —   ;
write(+Term) — Term;
put(+Char) —  , Char   -

 ,    
ASCII      ;
get0(– ) —   ;
get(– ) —   
« » .

        
,     , 

      .
 1.       , -

    (X,Y).  -
      base.dat.

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

fail    base   
       -

 —     (X,Y).  -
      X Y, 
    .     , 

    « ».  base, 
 ,  ,    

base   .
 2.   « »  ,  

,     ;   
stop,   .
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:-
   repeat,
   read(Term),
   write_ln(Term),
   '  ?'(Term),!.

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

write_ln     -
     . repeat -
 ;    :

repeat.
repeat:-
   repeat.

   ,     
  (    —   ),  -
 .    '  -
?'  ,     read write
  ,    repeat.

     ' -
 ?'    repeat.

5.3 

5.3.1    

    -
    —      -
 .        -

, ,    
,     .

  call(X)   
  X   .   
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call(X)   X.  
      .

 ,    -
        -

  .   ,  
   ,    

 — .      
 ,    .

    -
 , ,  ,  -

 ,     -
   ;    ,  

.      
  ( .  4.3)    -

  .

5.3.2    

   ? .
     -

  - , ,     -
  ,  

      
  .

     
     

 :

 P    ,  ,
P  ,  .

       -
       

: ,  .   
,     -  

, ,      -



131

 .      -
    .  -

 ,    
   ,     

    .   -
     ,

  .
 ,    -

    [6, . 153].
   

( , ).
( , ).

     

false( ( ,_)).

  ,     , 
  .

prove(P) :- P,
            write_ln('=> '),!.
prove(P) :- false(P),
            write_ln('=> '),!.
prove(P) :- \+(P),
            \+(false(P)),
            write_ln('=> ').

?- prove( ( , )).
=> 
Yes

?- prove( ( ,X)).
=> 
X = _G253
Yes
?- prove( (X, )).
=> 
X = 
Yes
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5.3.3   

     -
,     .

     ,   
  .     ,

        ,   
 .  ,  

     « -
»  .

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

 (   )   Goal,  
  Bag. Bag —  , Goal

  .

?- findall(X,(member(X,[1,2,3,4,5]),0 is X mod 2),L).
X = _G450
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
Yes
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?- apply(is,[X,4*6*(3+2)]).
X = 120
Yes

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

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

    user    -
   .    -

  CTRL + D.

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

?- checklist(p,[2,5,2,1]).
No
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. map(+List, +F, –NewList),
List  —  , F —  
(  ) NewList  —   -

 .   List 
   :  , List = [],  -

 , List = [Head|Tail].
     :

map([],_,[]).
map([Head|Tail], F, [NewHead|NewTail]):-
          map(Tail, F, NewTail),
          apply(F,[Head,NewHead]).

5.4    

5.4.1      

 ,      
,     .

 -     
 ;      

 ( ),    ( ).  -
       
  .   
       

  (    -
    ).   

assert, asserta, assertz, retract re-
tractall.

assert(+Term)     
 (      ). Term -

       -
.

, 

 ?- assert( ( , )).
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       -
 (assertion) ( , ).  -

     , 
  . ,  -

  

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

       -
   ,    .

  retract(+Term),  
Term       -

   ,       .
retractall(+Term)    

   ,   Term.
 ,      

  assert   retract,    -
 .    

:- dynamic <  >/< >.

    ,   
   .

,    , 
  :

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

% ( , ).
( , ).
( , ).

( ).
( ).
( ).
( ).
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?- ( ,X).
X =  ;
No

        :

?- assert( ( , )).
Yes

?- ( ,X).
X =  ;
X =  ;
No

  :

?- retract( ( ,_)).
Yes

?- ( ,X).
X =  ;
No

 ( , )    ,
 retractall:

?- assert( ( , )).
Yes

?- retractall( ( ,_)).
Yes

?- ( ,X).
No

    ,  retractall  
Yes,    retract.

?- retractall( ( ,_)).
Yes
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?- retract( ( ,_)).
No

       -
,    ;      

   —   -
  . :

?- assert(( (X,Y):- (X,Y), (X))).
X = _G408
Y = _G409
Yes

?- (X,Y).
X = 
Y =  ;
X = 
Y =  ;
No

       -
  ,      

    . asserta assertz
    :

asserta     , assertz (  
 assert) —  .

.  ,    
assert      ,     

  .  , 
 ,     .

5.4.2 :   « »

  ,    -
 [6, . 162]. place( , , ) -

        (   ),
     .  

       ,
   —   

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

   .      -
      , -
     . place

   ,      -
.

    .
?- goal.

:
% adress.dat compiled 0.00 sec, 380 bytes

  
|: whitehouse.

   7  
 1 .

? yes
  

|: grand_central.
--   - grand_central

  ? ( ) 42.
  ? ( ) 8.

   42  
 8 .

? yes
  

|: grand_central.
   42  

 8 .
? no

Yes

     adress.dat,
   

address(whitehouse,7,1).  ,  -
   adress.dat    -
   (   , ).

,       -
    «grand_central». 
 42  8,        

   .      ,  -
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place    «grand_central».  -
    « ?»  

adress.dat   address  
  (    

address(grand_central,42,8)).

:- dynamic adress/3.

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(' .').

'   ' :- 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.
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 1.    yes   -
      -

 «;».  

A :-
       B1;
       B2.

    

A :-
       B1.
A :-
       B2.

  «;» ,   «,»,  
B1 B2   , B1 B2

   (      yes).
 2.  get_single_char(C)

  ,   ,  -
      ASCII.   

  .

5.4.3 :  

     -
   ! —  -
.

 —  , —
     .

 .
  

    -
       . -

      -
,      

 .



141

    
lemma(Goal).     :

   Goal,   
,      . -
   :

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

   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.

:- dynamic do/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,
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            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

   ackerman   
541 .      .

:- dynamic do/1,ackerman/3.

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

do(0).

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

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

 ackerman    73 .
   [2, . 164].  

 ,    
assert retract.    

    . -
       -

     . -
      

      . 
,   -    , 

    .   -
           .

     -
      . 

   ,   
 ,  ,     .
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  SWI-Prolog’
   SWI-Prolog  -

      «manual.html». -
 ,      

manual.pdf  (     Adobe Acrobat).
 , SWI-Prolog   online. 

«?- help(<  >).»     -
   . «?- help.»  -
  ,    .

  
 trace    -

  .
trace/0

 .     
    ,  -

 .     -
  .

trace(+Pred)
 trace(+Pred, +all).

trace(+Pred, + Ports)
     , -

 Pred. Ports   
(call, redo, exit, fail). all    -

.       «–»,   
 .  «+»   ,   -

  .
     -

:
1)    ;
2)      -

  ( call);
3)     ( exit);
4)     -

 ( redo);



146

5)   ,   
  ( fail).

:

?- trace(hello).  %     hello   
?- trace(foo/2, +fail).  %     foo/2
?- trace(bar/1, -all).  %   bar/1.

   :

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

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

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

?- trace( ).
%         /2: [call, redo, exit, fail]
Yes

[debug]  ?- trace( ).
%         /2: [call, redo, exit, fail]
Yes

[debug]  ?- ( , ).
 T Call: (6) ( , )
 T Call: (7) ( , )
 T Fail: (7) ( , )
 T Redo: (6) ( , )
 T Call: (7) ( , _G414)
 T Exit: (7) ( , )
 T Call: (7) ( , )
 T Call: (8) ( , )
 T Exit: (8) ( , )
 T Exit: (7) ( , )
 T Exit: (6) ( , )
Yes


