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-
%'���.�i f ,  l et ,  t ype,  =>,  #
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� uni t :  ���������)��)%��
�( )

� i nt :  ��)�"��"(��%��0,  1,  2,  0xbc

� ���
�#-��"(��%��~1,  ~2

� !�������%
���&-�����%��+,  - ,  * ,  di v,  mod

� ����%
���&-�����%��=,  <>,  <,  >,  <=,  >=

� wor d:  ��"��#-���)�"�%

�  ����
���%��0w12,  0wx1f

� �&-�����%���
.'������
"�i nt

0

������������������

� bool :  ����%
���#�����t r ue,  f al se

� i f  . . .  t hen . . .  el se

� andal so,  or el se,  not

� r eal :  �����1��������"(��%��1. 0,  2. 1E~4

� �&-�����%� +,  - ,  * ,  / ,  <,  >,  <=,  >=

� char :  %
�
%�����#�����#” a” ,  #” \ n”

� st r i ng:  �"2-����” ” ,  ” al ma\ n”

� �&-�����%��=,  <>,  <,  >,  <=,  >=,  ^
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val  ( i :  i nt )  = 3
val  j  = 2* i
and s = ” hat ”

t ype f l oat  = r eal
and count  = i nt
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val  f  = ( f n x => x+1)
f un f  x = x+1

f  2

:
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� !"���1"1�f ��8��-)����#���
��i nt  - > i nt .�;"��

��#�����
��8��-)����2�"���
�
�,(�����)�����&���
������*���(��
�#�
��'�)���"��
"�����)������"1�
����������"����������8��-)�������)���.

� !"������"����+
���#����������-'�*
���.�����i nt �
�#���+�����(�����
�
�)����*���)���r eal ��#���+�
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 pr i nt ���,(�(�'�

����% st r i ng- >uni t  
��#���
.

� ;�,(�(��%*�"��"8%�)����
����������	�%������%��$.�
!" ( E1; E2)  %���,�")��%�)��)%����E17��'��
,��
E27�'�)��E2�)��)%�����"�
"������)��.

� ( E1 bef or e E2)  %��.��E1�)��)%��
"�
�����)��
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f un I D x = x
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' ' a,  ' ' b,  . . .
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� !"�adder ��#���
�i nt  - > ( i nt  - > i nt ) '�
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f un adder  a =
   ( f n x => a+x)
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( adder  x)  y  ( *  x és y összege * )

f un adder  a b = a+b
adder  x y
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� �����"�����7���%��#���
��( T1 *  T2 *  T3)

� �����"�����7����)���*�"(�
��( v1,  v2,  v3)

� �"���%��$���8��-)����#1 t up,  #2 ( 1, 2, 3)

� 52����8��-)���
�
�)�������.������)���

� !"�addsum��#���
��i nt * i nt  - > i nt * i nt

f un addsub ( a,  b)  = ( a+b,  a- b)
val  ( sum,  di f )  = addsub ( x,  y)
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case addsub ( x, y)
  of  ( 0, _)  => ” el l ent et t ”
   |  ( _, 0)  => ” azonos”
   |  _ => ” kül önböz ”

�

val  v = ( addsub ( 1, 2) ,  addsub ( 2, 1) )
val  ( ( s1, d1) , ( s2, d2) )  = v 
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f un f  ( 0, y)  = y
  |  f  ( x, _)  = x

f un f  ( v as ( 0, y) ,  _)  = v
  |  f  ( _,  v)  = v
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� s i ze:  st r i ng- >i nt
subst r i ng:  st r i ng* i nt * i nt - >st r i ng
s t r :  char - >st r i ng

� or d:  char - >i nt ,  chr :  i nt - >char

� I nt . t oSt r i ng:  i nt - >st r i ng
I nt . f r omSt r i ng:  st r i ng- >i nt

� Real . posI nf ,  Real . negI nf
Real . Mat h. pi ,  Real . Mat h. e
Real . Mat h. s i n,  Real . Mat h. cos, . . .
Real . t oSt r i ng,  Real . f r omSt r i ng
Real . t oI nt ,  Real . f r omI nt
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( ' a* ' b)  - > ' c 
�
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� 5���"1������
"����#�$����*�������B�����(���%)���
*
�"�(���� i nf i x N oper  ��
�#�(����(��
�
��$�' i nf i xr  N oper  ��(��,����$��
"(�$,���"�����&-�������������(�*
���%'���.
i nf i x 7 di v -
�� i nf i xr  5 : :

� =���B�����(���'�������8��-)������. op +

� =���B���(���"�����"8����)��� nonf i x +
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� !�-(���"$%�)��)%������-(���"�%'����
�
"��
���-���
-��"������*����2�����%�
�(��$�
��*
�"�(���'�
�����%���
"�+,���%�
�(��$���
	�	��	�
��)���.

� ���������%�
�(��$�*
�$%2����
	
���'�
�
%�)��)%��)�����������1���8�������.

val  x = 1;
f un f  ( x: i nt )  = x+x;
f un g ( y: i nt )  = x+y;
val  ( x, y)  = ( 2, 3) ;
( *  Mi  x,  y,  f  5,  g 6 ér t éke? * )
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� C�%�
�(��$%�*
�$%2�)��%���(��"�����*��������(��%�
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�)���*�"���
local
  f un f act '  ( 0, p)  = p
    |  f act '  ( n, p)  = f act '  ( n- 1, n* p)
in
  f un f act  n = f ac t '  ( n, 1)
end
( *  f act '  i t t  már  ni ncs * )
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�  ���,�")�����)"-����%(������%�
�(��$�����)��"�%�
f un gyokok  ( a, b, c)  =
let
  val  D = Mat h. sqr t  ( b* b -  4. 0* a* c)
in
  i f  D >= 0 t hen
    ( ( - b- D) / ( 2. 0* a) , ( - b+D) / ( 2. 0* a) )
  el se
    ( Real . posI nf ,  Real . posI nf )
end
( *  A ” D”  i t t  már  nem ér het  el  * )

�



��

.	���!��
� ��%��"#-�*�-
�%�"(��val  r ec ���%�
�(��$-
��

� ! f un -
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 val  r ec �2-��#�)��

� D�������-)���%��"�$��
�%
��
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f un f act  0 = 1
  |  f act  n = n* f ac t  ( n- 1)

val  r ec f act  = f n 0 => 1
  |  n => n* f act  ( n- 1)

f un f act  n = l et
  f un f act '  ( 0, p)  = p
    |  f act '  ( n, p)  = f act '  ( n- 1, n* p)
i n f act '  ( n, 1)  end
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� �"���%��$���8��-)����#nev,  #ci m

{ nev=” Ki s Pál ” , c i m=” Bp. ” ,  szul =1980}

t ype szemel y =
 { nev: st r i ng,  c i m: st r i ng,  szul : i nt }
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�
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f un nevci m { nev=n,  c i m=c,  szul =_}
  = n ^  ” ,  ”  ^  c

f un nevci m { nev,  c i m,  szul }
  = nev ^  ” ,  ”  ^  c i m

f un nevci m ( { nev,  c i m,  . . . } : szemel y)
  = nev ^  ” ,  ”  ^  c i m
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�
�%������%����%%
���

dat at ype szi n =
  makk |  t ok |  zol d |  pi r os

f un dupl az pi r os = t r ue
  |  dupl az _ = f al se
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� !��
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�)������
�
�%������%�����8��-)��%)������
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�$'��)��(���
"�I NT��#���
��8��-)��%)���
i nt  - > i nt _r eal .

dat at ype i nt _r eal  =
  I NT of  i nt  |  REAL of  r eal
val  n = I NT 1
f un t oSt r  ( I NT i )  = I nt . t oSt r i ng i
  |  t oSt r  ( REAL r )  = Real . t oSt r i ng r
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$������%���������

� !��#���%������%����
%������*����
�
�)����'�����
-
����2����#���-(���"$�

� !*����"8%�)���'�����
�����#�$�
����
��%��
��
��*��������#���
�%��%�)���#����'��)��(�� a
SOME 1 %���,�")���#���
 i nt  opt i on.

� Több típusparaméter is megadható:

dat at ype ' a opt i on = NONE |  SOME of  ' a

dat at ype ( ' a, ' b)  t wo_opt  =
  ZERO |  ONE of  ' a |  TWO of  ' a* ' b

�:

.	���!�����������

� !"�
�
�%������%����%��
�
�)������*
�"�(�*
�,(%�

"�)�����������(����#�����

� !"��������#����%
������)�"���������%��"#-�
�8��-)���%%��������""�%�����(��
�(�
��

dat at ype ' a t r ee = LEAF
  |  NODE of  ' a *  ' a t r ee *  ' a t r ee

f un t r avel  _ LEAF = ( )
  |  t r avel  f  ( NODE ( v,  l ,  r ) )  =
      ( f  v;  t r avel  f  l ;  t r avel  f  r )
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����������

� !�����
��
�
��#���%)���
�%2-��%�"1%)�����
��*�����������(����

� �����(����,��2�)��%�

� E��������
��[ ]  @�
.������ni l A

� ;�������&�����
�[ 1]  @�
.�����1: : ni l A

� 52�������&�����
�[ 1, 2, 3]  @�
.������
1: : 2: : 3: : ni l A

dat at ype dat at ype ' a l i st  =
  ni l  |  : :  of  ' a *  ' a l i st
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f un nul l  ni l  = t r ue
  |  nul l  _ = f al se
f un hd ni l  = r ai se Empt y
  |  hd ( h: : _)  = h
f un t l  ni l  = r ai se Empt y
  |  t l  ( _: : t )  = t
f un l engt h ni l  = 0
  |  l engt h ( _: : t )  = ( l engt h t ) +1
f un @ ( ni l ,  l )  = l
  |  @ ( h: : t ,  l )  = h: : ( t  @ l )
f un r ev ni l  = ni l
  |  r ev ( h: : t )  = ( r ev t )  @ [ h]

�>

/����������-���%����� 	�

f un sum ni l  = 0
  |  sum ( h: : t )  = h + ( sum t )
f un pr od ni l  = 1
  |  pr od ( h: : t )  = h *  ( pr od t )
f un i nt Real  ni l  = ni l
  |  i nt Real  ( h: : t )  =
    ( Real . f r omI nt  h)  : :  i nt Real  t
f un mul 2 ni l  = ni l
  |  mul 2 ( h: : t )  = ( 2* h) : : mul 2 t
f un pr i nt Al l  ni l  = ( )
  |  pr i nt Al l  ( h: : t )  =
     ( pr i nt  h;  pr i nt Al l  t )

��

'��������	��(%������ 	�,*

� �
�
�
�������&��%�*#-��%������8��-)����
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"�f v �����' a- >' b��#���+��8��-)��'�
�
�(����%�
��������������' a l i st '�
"�
�����)�������������' b l i st .

� !"���1"1����
���8��-)�����

f un map f v [ ]  = [ ]
  |  map f v ( h: : t )  =( f v h) : : ( map f v t )

val  i nt Real  = map ( Real . f r omI nt )
val  mul 2 = map ( f n x => 2* x)

��

/�������������%������ 	�

f un app _ ni l  = ( )
  |  app f v  ( h: : t )  = ( f v  h;  pr i nt Al l  t )
val  pr i nt Al l  = app pr i nt

f un f ol dr  _ egys ni l  = egys
  |  f ol dr  f v egys ( h: : t )  =
     f v h ( f ol dr  f v egys t )
val  sum = f ol dr  ( op +)  0
val  pr od = f ol dr  ( op * )  1
val  concat  = f ol dr  ( op ^ )  ” ”
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� !�%�-)����%�exn��#���+������%'���*���
�
�
�)���8%���.�C�%�
�(��$,�%�����(,
�

� !"�#�����%�
�(���Er r or ��)-�st r i ng- >exn�
�#���+�%������%��$���8��-)��%)���*
�"�(�*
�$.

� !�r ai se�%�����"$-
����*���%�-)�����%�-(��
���

except i on Empt y
except i on Er r or  of  st r i ng

f un hd ni l  = r ai se Er r or  ” Ür es”
  |  hd ( h: : t )  = h

�0

0����	�	��	!	���	

� �������%���,�")��-)�)�����*�������������
%�-)���%�"��1��
�handl e�%�����"$-
�.�!�%�"��1�
���
�
�
'�*�������
�,
�
�%���,�")��)��)%)��
�
%�-)��������������@�#���*�������A.

� �!�%8�2��2"1�%�-)����%������.��
�
�)�����%���
����
�����"�)�����#��)�)-�����*���%�"����.

(  … ( *  i nt  t í pusú ki f ej ezés * )  … )
  handl e Empt y => 0
    |  Er r or  msg => ( pr i nt  msg;  0)
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� ���7������*��1�)��-
��-(���"�
�*
�$�)��)%&�
���$��
����(%�*
�"�(�
�(�
'��#���������������(%�
���#��)�)-��.

� ���������
��#�����&-�������

�  ������%��$� r ef :  ' a - > ' a r ef
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val  i  = r ef  1
whi l e ! i  < 10 do
 ( pr i nt  ( I nt . t oSt r i ng ( ! i ) ) ;
  i  : = ! i  + 1)

f un += ( _,  r ef  0)  = ( )
  |  += ( a,  r ef  b)  = a : = ! a + b
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f un count er  ( )  =
  l et
    val  c = r ef  0
    f un t  ( )  = ( c  : = ! c + 1;  c )
    f un r  ( )  = ( c  : = 0)
  i n
    {  t i ck = t ,  r eset  = r  }
  end
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val  cnt 1 = count er  ( )
val  cnt 2 = count er  ( )
#t i ck cnt 1 ( )      ( *    = 1   * )
#t i ck cnt 2 ( )      ( *    = 1   * )
#r eset  cnt 1 ( )  
#t i ck cnt 2 ( )      ( *    = 2   * )
#t i ck cnt 1 ( )      ( *    = 1   * )
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si gnat ur e STACK = si g
  t ype ' a st ack
  except i on Empt y
  val  st ack:  ' a st ack
  val  empt y:  ' a st ack - > bool
  val  push:  ' a st ack *  ' a - > ' a st ack
  val  pop:  ' a st ack - > ' a *  ' a st ack
end 
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si gnat ur e STACK_TOP = s i g
  i ncl ude STACK
  val  t op:  ' a st ack - > ' a
end 

si gnat ur e STACK_LST =
  STACK wher e t ype
        ' a st ack = ' a l i s t
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st r uc t ur e St ack = st r uct
  t ype ' a st ack = ' a l i s t
  except i on Empt y
  f un pop ni l  = r ai se Empt y
    |  pop ( h: : t )  = ( h, t )
end 
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l et
  open St ack
  . . .
i n pop( s)  end
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st r uc t ur e St ack : > STACK = st r uct
  t ype ' a st ack = ' a l i s t
  . . .
end 

st r uc t ur e St ack :  STACK = st r uct
  t ype ' a st ack = ' a l i s t
  . . .
end 
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si gnat ur e MAP = si g
  t ype ( ' ' a, ' b)  map
  val  empt y:  ( ' ' a, ' b)  map
  val  i nser t :
    ( ' ' a, ' b) map* ' ' a* ' b - > ( ' ' a, ' b) map
  val  l ookup: ( ' ' a, ' b) map* ' ' a - > ' b
end 
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si gnat ur e MAP = si g
  t ype key
  t ype ' a map
  val  l ookup: ' a map* key  - > ' a
end
si gnat ur e MAP_STR =
  MAP wher e t ype key = st r i ng
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si gnat ur e ORD = si g
  eqt ype t y
  val  l t :  t y* t y - > bool
end
si gnat ur e ORD_STR =
  ORD wher e t ype t y = st r i ng
st r uc t ur e Or dSt r  :  ORD = st r uc t
  t ype t y = st r i ng
  val  l t  = ( op<) : t y* t y - > bool
end

0�

$����5%�� �����

� 	����*
�"�(�*
�,�%�����
"��� ��������%�+�(�H
si gnat ur e MAP = si g
  st r uct ur e Key:  ORD
  t ype ' a map
  val  l ookup:  ' a map* Key. t y - > ' a
end
si gnat ur e MAP_STR =
  MAP wher e t ype Key. t y  = st r i ng

st r uct ur e MapSt r  : > MAP_STR = st r uct
  st r uct ur e Key = Or dSt r
end
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f unct or  MapFun( st r uct ur e K:  ORD)  : >
  MAP wher e t ype Key. t y = K. t y = st r uct
  st r uct ur e Key = K
  . . .
end
st r uct ur e MapSt r  = MapFun( Or dSt r )
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