
�

������

��	
���
�����������
����
�

���������

CS312 2

���������
���
��������

� �� �������������
���
���
����!�

" #
���	��
���������$���%� ������ ��

" #
���&�� �
�������
��������&�� �
��� ����

" �����
������
��
����
�������������'����&�� �
������'

� �����! let val x = v in e end -> e{v/x}

(fn x => e)(v) -> e{v/x}

� �(�
)��! let val x = 3 in x * x end

-> 3 * 3 -> 9
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let val x = (1,2)

val y = (x,x)
val z = (y,y) 

in 
(z,z) 

end
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let val x = ref 1

val y = x 
in  y := 2; !x end

->  ...
-> (ref 1) := 2; !(ref 1) 

-> 1 (* wrong *)
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� �(�
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Program: Environment:

let val x = 2
val y = “hello”

in 

x + size(y) 

end
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x = 2

Evaluation: Environment:

-> let val y = “hello”
in 

x + size(y) 
end
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x = 2

y = “hello”

Evaluation: Environment:

-> x + size(y) 
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x = 2

y = “hello”

Evaluation: Environment:

-> x + size(y)

-> 2 + size(y)

-> 2 + size(“hello”)

-> 2 + 5

-> 7 
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x = 3
a = 1

y = 4

x = 2TOP
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x = 1

y =
 ������

��	 2  3  4

���)� ���

<�<�<

let val x = 1

val y = (2,3,4)
in ...
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A< �����������	������&�e2
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let val x = (1,2) in (x,3) end

��� ���������	
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let val x = (1,2) in (x,3) end
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1  2
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let val x = (1,2) in (x,3) end
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let val x = (1,2) in (x,3) end
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x=   ���������	 1  2
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3result = 
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let val x = (1,2) in (x,3) end
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3result = 
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let val x = e1

val y = e2
in

e3
end

� ���������
��������
����
������'���0�����&��!
let val x = e1
in  let val y = e2

in  

e3
end

end
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� ����	�������Cons(e,e’) !

" �	��������4��2�������
��	�����

" ���� ��������0���&� ���

" )�� ������	������
��������&� ���

" ���������)�
��������������&� ���

� ����	�������Nil !

" ������
������������(���	�����

�� �����
����������� ���'�����

1

2 Nil

Cons(1,Cons(2,Nil))

datatype list = Nil | Cons of int * list
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� ����	�������ref e !

" �	��������������	�����&
���

" ���� ��������0���&� ���

" )�� ������	�����
��������&� ���

" ���������)�
��������������&� ���

� �(�
)��!�ref (3,1,2) �	����������!

3 1 2

��&� ���
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let val x = ref 1 in

val y = x

in

x:=2; !y

end

�;* ���������	
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let val x = ref 1 in

val y = x

in

x:=2; !y

end

�;*

1x =  ���������	
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let val x = ref 1 in

val y = x

in

x:=2; !y

end

�;*

1x =  ���������	
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y = 

��&��(�
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let val x = ref 1 in

val y = x

in

x:=2; !y

end

�;*

1x = 

 ���������	
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y = 
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let val x = ref 1 in

val y = x

in

x:=2; !y

end

�;*

2x = 

 ���������	
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y = 
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let val x = ref 1 in

val y = x

in

x:=2; !y

end

�;*

2x = 

 ���������	

�������9��

CS312 27

y = 

��&��(�
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let val x = ref 1 in

val y = x

in

x:=2; !y

end

�;*

2x = 

 ���������	

�������9��
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y = 

��&��(�
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let val x = ref 1 in

val y = x

in

x:=2; !y

end

�;*

2x = 

 ���������	

�������9��

+���� ������ ����
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let val x = ref 1 in

val y = x

in

x:=2; !y

end

�;* ���������	
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let val x = 2 
val f = fn z => z + x

in 

f 3
end

� -����	��������0�����
������&8

� 5���!��������'��&�&���&�������	��
�����(
" -����
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let val x = 2

val f = fn z => z + x

in

f 3

end

�;* ���������	
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let val x = 2

val f = fn z => z + x

in

f 3

end

�;*

x = 2 ���������	
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let val x = 2

val f = fn z => z + x

in

f 3

end

�;*

x = 2

fn z=>z+x

�<��������&�� �
���

 ������

 ���������	
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let val x = 2

val f = fn z => z + x

in

f 3

end

�;*

x = 2

 ���������	 f = fn z=>z+x

�<�#
���&�������

 ������
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let val x = 2

val f = fn z => z + x

in

f 3

end

�;*

x = 2

������	 f = fn z=>z+x

 ���������	

�<�+������� ���������	

��	������$���%���	
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let val x = 2

val f = fn z => z + x

in

f 3

end

�;*

x = 2

������	 f = fn z=>z+x

 ���������	 z = 3

@<�#
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let val x = 2

val f = fn z => z + x

in

f 3

end

�;*

x = 2

������	 f = fn z=>z+x

A<��	�������

&�� �
������'

�������9�A

 ���������	 z = 3
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let val x = 2

val f = fn z => z + x

in

f 3

end

�;*

x = 2

 ���������	 f = fn z=>z+x

�<�����������	

�������9�A
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let val x = 2

val f = fn z => z + x

in

f 3

end

�;* ���������	
C<��(
��� �)�

�������9�A
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����	�������e1(e2):
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let val x = 2 

val f = fn z => z + x

val x = 1
in 

f 3
end
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let val r = ref (fn x=>x)

val f = fn n=> if n<2 then 1 else n*(!r)(n-1)

in r := f; f 2 

end

�;* ��
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let val r = ref (fn x=>x)

val f = fn n=> if n<2 then 1 else n*(!r)(n-1)

in r := f; f 2 

end

�;*

r = fn x=>x ��
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let val r = ref (fn x=>x)

val f = fn n=> if n<2 then 1 else n*(!r)(n-1)

in r := f; f 2 

end

�;*

r = fn x=>x

fn n=> if n<2 then 1

else n*(!r)(n-1)

 ��
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let val r = ref (fn x=>x)

val f = fn n=> if n<2 then 1 else n*(!r)(n-1)

in r := f; f 2 

end

�;*

r = fn x=>x

 �� f = fn n=> if n<2 then 1

else n*(!r)(n-1)
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let val r = ref (fn x=>x)

val f = fn n=> if n<2 then 1 else n*(!r)(n-1)

in r := f; f 2 

end

�;*

r = 

 �� f = fn n=> if n<2 then 1

else n*(!r)(n-1)
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let val r = ref (fn x=>x)

val f = fn n=> if n<2 then 1 else n*(!r)(n-1)

in r := f; f 2

end

�;*

r =  ��

f = fn n=> if n<2 then 1

else n*(!r)(n-1)

n = 2

���
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let fun f(n) = if n < 2 then 1 else n * f(n-1)

in f 2 

end

�;* �����	
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let fun f(n) = if n < 2 then 1 else n * f(n-1)

in f 2 

end

�;*

 �����	 f = 
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let fun f(n) = if n < 2 then 1 else n * f(n-1)

in f 2 

end

�;*

 �����	 f = fn n=> if n<2 then 1

else n*f(n-1)
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let fun f(n) = if n < 2 then 1 else n * f(n-1)

in f 2 

end

�;*

 �����	 f = fn n=> if n<2 then 1

else n*f(n-1)
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let fun f(n) = if n < 2 then 1 else n * f(n-1)

in f 2 

end

�;*

��� f = fn n=> if n<2 then 1

else n*f(n-1)

n = 2 ��

�	����������� ���
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let fun f(n) = if n < 2 then 1 else n * f(n-1)

in f 2 

end

�;*

f = fn n=> if n<2 then 1

else n*f(n-1)

n = 2��� n = 1  ��
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let fun f(n) = if n < 2 then 1 else n * f(n-1)

in f 2 

end

�;*

f = fn n=> if n<2 then 1

else n*f(n-1)

n = 2��� n = 1  ��
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let fun f(n) = if n < 2 then 1 else n * f(n-1)

in f 2 

end

�;*

��� f = fn n=> if n<2 then 1

else n*f(n-1)

n = 2 ��
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let fun f(n) = if n < 2 then 1 else n * f(n-1)

in f 2 

end

�;*

 �� f = fn n=> if n<2 then 1

else n*f(n-1)
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�;*

 ���������	 f = fn n=> if n<2 then 1

else n*f(n-1)

�;*

r = 

f = fn n=> if n<2 then 1

else n*(!r)(n-1)

 ���������	


