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def gcd (x, y) = 
if (y == 0) x
else gcd (y, x % y)
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val x = gcd (a, b)
print (x * x)
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def makeRat (x, y) = {
val g = gcd (x, y)
{   def numer = x / g

def denom = y / g
def add r = makeRat (

numer * r.denom + r.numer * denom,
denom * r.denom)

...
}

}
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match�

• match ���
����������
�
����&���� �
�����!�$��!�����������

{ def Nil = ...
def Cons (x, xs) = ... }

• match �&��
���$
�Nil �
�$���������&��������$
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def append (xs, ys) = 
xs.match {

def Nil = ys
def Cons (x, xs1) = List.Cons (x, append (xs1, ys))

}

� <���
��������
7�����$�!��������
����������
��

ESOP, March 2000 Martin Odersky, EPFL 10

���

� ;
�
������
7����
�$�!�match ����
��

def append (xs, ys) = 
xs.match {

def Nil = ys
def Cons (x, xs1) = List.Cons (x, append (xs1, ys))

}
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val List = {

def Nil =    { def match v = ??? }
def Cons (x, xs) =    { def match v = ??? }

}
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def append (xs, ys) = 
xs.match {

def Nil = ys
def Cons (x, xs1) = List.Cons (x, append (xs1, ys))

}
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val List = {

def Nil =    { def match v = v.Nil }
def Cons (x, xs) =    { def match v = v.Cons (x, xs) }

}
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����.

empty, full -��
����.
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def put x & empty = () & full x

get & full x  = x & empty
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val x = get ; put (sqrt x)
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put 10 & get & empty

() & get & full 10

10 & empty
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def newBuffer = {
def put x &  empty =  () & full x,

get  &  full x = x  & empty
(put, get) &  empty

}

val (bput, bget) = newBuffer ; ...
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def newBuffer = {
def this.put x & empty  =  () & full x,

this.get & full x = x & empty
this &  empty

}

val buf  =  newBuffer ; ...
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{ def numer = x / g
def denom = y / g }
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{ def r.numer = x / g, r.denom = y / g ; r }
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read, write -
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����.
state -��
����.
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def newRef init = {

def this.read    &  state x  =  x  &  state x,
this.write y &  state x  =  () &  state y

this & state init
}

� 6���
�

val r = newRef 0 ; r.write (r.read + 1)
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def this.m1 & state (x1,...,xk) =  ... ; state (y1,...,yk),
:
:

this.mn & state (x1,...,xk) = ... ; state (z1,...,zk);

this &    state (init1,..., initk)

C  
���� D C ���������
 D

� )$
 
�������
�����
���������
7�����������
���$
��#+
���������
�������



Programming Language Implementation

11

ESOP, March 2000 Martin Odersky, EPFL 21

���������5�����

� �����������
�����
�&
�����������
7��
��������������
���

����$���%������
�$�?�
��

� �7����
�  
��
��58��
�������$���%�����

� ��
���������<���
�
�����
�������startRead��startWrite��endRead��

endWrite ���$��$���

= �$
�
�����#
�������
��������
����
����

= �$
�
�����#
��������
�!��
������
���
�

= �
��������!��
����
����������
7����&
�

= �
�����!��
��
?�
��� $�&
���������&
���
������
�����#������ A�
��

��� ��������
����

ESOP, March 2000 Martin Odersky, EPFL 22

����
6�����

� <�������
��!����7���������
���������

readers n " �$
����#
��������&
 �
���
writers n " �$
����#
������
���� !��
�

� �?�������

� /��
��$
�������"����
����#
�!

��startRead ����startWrite��!$�$�

�
��
�����$
����
�
��������
������
��
�������!��
���

def startRead & writers 0  = startRead1,
startRead1 & readers n  = () & writers 0 & readers (n+1),

startWrite &  writers n  = startWrite1 & writers (n+1),
startWrite1 & readers 0  = (),

endRead &  readers n  = readers (n-1),
endWrite &  writers n  = writers (n-1) & readers 0

readers 0 & writers 0
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def startRead & noWriters = startRead1,
startRead1 & noReaders = () & noWriters & readers 1,
startRead1 & readers n  = () & noWriters & readers (n+1),

startWrite & noWriters = startWrite1 & writers 1,
startWrite & writers n  = startWrite1 & writers (n+1),
startWrite1 & noReaders = (),

endRead & readers n  =  if (n == 1) noReaders else (readers (n-1)),
endWrite & writers n  = noReaders &

( if (n == 1) noWriters else writers (n-1) )
noWriters & noReaders
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@0��@� ≡ @���@0

@0��-@���@M. ≡ -@0�@�.��@M

���@ ≡ @
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(�	 7�'�1�4�/ ≡ ��� ��7�'�/�4���1
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��-��+. ≡ -���� +�����-.�'����+�����-.�'�+�4����+�.
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