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st r i ng ci t y  = " Redmond" ;

Sql Connect i on conn = new Sql Connect i on( " Dat a 
Sour ce=( l ocal ) ; I ni t i al  Cat al og=Nor t hwi nd; I nt egr at ed 
Secur i t y=SSPI " ) ;

Sql Command cmd = new Sql Command( " SELECT Last Name,  
Fi r s t Name FROM Empl oyees WHERE Ci t y=' "  + c i t y + " ' " ,  
conn) ;

conn. Open( ) ;
Sql Dat aReader  r dr  = cmd. Execut eReader ( ) ;

Response. Wr i t e( " <t abl e>" ) ;
whi l e( r dr . Read( ) )
{

Response. Wr i t e( " <t r ><t d>" ) ;
Response. Wr i t e( r dr . Get St r i ng( 0) ) ;
Response. Wr i t e( " </ t d><t d>" ) ;
Response. Wr i t e( r dr . Get St r i ng( 1) ) ;
Response. Wr i t e( " </ t d></ t r >" ) ;

}
Response. Wr i t e( " </ t abl e>" ) ;
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 � � � �� � 	 �

st r uct t r
{

s t r uct {  s t r i ng t d;  } * ;
}

s t r uct t abl e
{

st r uct { t r ;  } * ;
}

s t r i ng ci t y  = " Redmond" ;

t r * emp = sel ect
<t r ><t d>{ Last Name} </ t d><t d>{ Fi r st Name} </ t d></ t r > f r om
DB. Empl oyees wher e Ci t y == ci t y;

St r i ngWr i t er  sw = new St r i ngWr i t er ( ) ;
new Xml Ser i al i zer ( t ypeof ( t abl e) ) . Ser i al i ze( sw,  

<t abl e>{ emp} </ t abl e>) ;
Response. Wr i t e( sw. ToSt r i ng( ) ) ;
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 	� � �� � � � �� � �� � �� � � �
% �� &��� �� 
 � � � � � � � � � �
% � � � � �� �# ��� � �� 
 �' ( �) �* ��� � � � � 
 � �

( � ��� � � �� �� �""� � � � � �� � � � � )

i nt *  Fr omTo( i nt st ar t ,  i nt end)
{  f or ( i  = st ar t ;  i  <= end;  i ++)  yi el d r et ur n i ;  }

f or each ( i nt j  i n Fr omTo( 1,  10) )
{  Consol e. Wr i t eLi ne( j ) ; }

% � � � � � # �
( 
 � � � �� �� �� � 
 � � �� � � �� � � � � � � � � � * +!
( � � �� � � � �� � � �� �� � � � � � * , ! �( � 
 � �� � � ��%� �� � �
( � ) � � � �� �� � � �� �� � � � � � * -! �( � � � � � � ���%� �� � �

% � 
 � � +�, � � � � 	� ��� �� 
 � �� ��
 
 � � ��� �' - � 
 �� � 
 �� �. �� 
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% $� � � � 
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st r uct
{ i nt ; bool b; }

x = new{ 7,  b = t r ue} ;

bool b = x. b; / /  access by name

i nt i  = x[ 0] ; / /  access by posi t i on
i nt j  = x. i nt : : * ; / /  access by t ype

% � � � � � � � � � �� � �� � �� � �
 � � ��� � � � +
( � � � � �. �� � � � � � � � � �� � � � � � � � � �
( � � � �� � �. �� � � � � � � �� "�� � � � � � � � � �� � � � � � � � � �
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% / � �� � � �# �� � � � � �� � �
 � 0

% � � � � � � �� ��� �� �� � �� �
 	�� �� � �� � �� � � ��� � � � � � � �� "�� � � �

choi ce {  i nt i ;  st r i ng s;  }  x = new { s = “ hel l o” } ;

/ /  . . .
i nt ? j  = x. i ;  / /  possi bl y  nul l

% � � � � � # �
 	�� $
 �� � �

choi ce {  i nt ;  bool ;  } *  f ( i nt n)
{

i f ( n == 0)  y i el d r et ur n t r ue;

el se
{

yi el d r et ur n n;
yi el d r et ur n f ( - - n) ;

}

}
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 � � � � � �� � � �� � �# � # � � �
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 � �	
 � �� �
 � � ��� � � � � � � �
 � � 
 ��$�� � 2

Addr ess addr =

<Addr ess>

<St r eet >13 El m St </ St r eet >

<Ci t y>Hol l ywood</ Ci t y>

</ Addr ess>;

c l ass Addr ess

{
st r uct

{

choi ce

{  st r i ng St r eet ;

i nt POBox;  } ;

s t r i ng Ci t y;

} ;
}

<el ement name=" Addr ess" ><compl exType>

<sequence>
<choi ce>

<el ement name=" St r eet "  t ype=" st r i ng" >

<el ement  name=" POBox"  t ype=" i nt eger " >

</ choi ce>

<el ement  name=" Ci t y"  t ype=" st r i ng" >

</ sequence>

</ compl exType></ el ement >
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% � � 
 � � # 
 � � �# � �$
 � �
/ /  0,  1,  2,  . . .
i nt *  nat s = {  i nt i = 0;  whi l e ( t r ue)  y i el d r et ur n i ++;  } ;

% � � � �� 3� 
 3� ���� �
 � 4�
/ /  1,  2, 2,  3, 3, 3,  4, 4, 4, 4,  . . .
i nt *  r s = nat s . {  f or ( i = 0;  i < i t ;  i ++)  yi el d r et ur n i t ;  } ;

% � � � � � # �	��� � � �
/ /  1,  3,  5,  . . .
i nt *  odds = nat s[ i t % 2 == 1] ;

% 
 ��� � � � � ��� � � � � �� �� � �� � � �� � � � 3� � � � � �� � � � � �
choi ce { st r i ng;  i nt ; } *  addr essf i el ds = addr . * ;

/ /  al l  r eachabl e St r eet  member s
st r i ng*  st r  = addr . . . St r eet ;

/ /  al l  r eachabl e member s of  t ype st r i ng
st r i ng*  st r 2 = addr . . . s t r i ng: : * ;
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 �� � � � �� � 
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/ /  CDs i s an i n- memor y st r eam of  t upl es
al t s = sel ect Ti t l e,  Ar t i st  f r om CDs wher e St yl e == 

CDSt yl e. Al t ;

/ /  t he same quer y wi t hout  sel ect
al t s = CDs[ St y l e == CDSt y l e. Al t ] . {  r et ur n new{ Ti t l e = 

i t . Ti t l e,  Ar t i st  = i t . Ar t i st } ;  } ;

% �� � � � � � � �
 � �

t r ansact ( DB)
{

/ *  . . .  * /
i f ( / *  . . .  * / )  r ol l back;

}
commi t { / *  . . .  * / }
r ol l back { / *  . . .  * / }
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 � � �� � � �� � �� � � �� � � � �� � �� � � � � $� 
 � 
 � �
( � � � ��� �� �� � 
 � � � � � �� � � � � �
( � � �� � � � � � �%� �� � ��� � �� � "�� � � �� � � �
 � � � � � � � � �
async Foo( i nt i ,  obj ect o)
{

/ *  . . .  * /
}

% � 1� # � �� +�/ � � � �� � 0 
 � 5� � �
publ i c abst r act  c l ass Act i veObj ect
{

pr ot ect ed bool done = f al se;
pr ot ect ed abst r act  voi d Pr ocessMessage( ) ;

publ i c Act i veObj ect ( )
{  St ar t ( ) ;  }

async St ar t ( )
{ whi l e ( ! done)  Pr ocessMessage( ) ;  }

}
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 � �� �� 1� � � � � � �
 � � � �� ����$� �# � �$
 � � ��� ��$� �� $
 � � �
$� � � �� � � � �� � ��� �
( � � ��� �� � � ��� 
 ��� �� �� �/ � � � � �

( � � �� � � � �� � � �� � � � � � ��� �� �� � � � � �� � � �� � �� � � � � � � � � � �

publ i c  c l ass Buf f er
{

async Put ( st r i ng s) ;

publ i c  st r i ng Get ( )  & Put ( st r i ng s)

{  r et ur n s;  }
}
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� � � � �� � �� � � � �� � � � � �� � � �� � �"�� �� � ��� �� � � �� �� � �

publ i c  c l ass OnePl aceBuf f er
{

pr i vat e async empt y( ) ;
pr i vat e async cont ai ns( st r i ng s) ;

publ i c OnePl aceBuf f er ( )
{

empt y( ) ;
}

publ i c  voi d Put ( st r i ng s)  & empt y( )
{

cont ai ns( s) ;
}

publ i c  st r i ng Get ( )  & cont ai ns( st r i ng s)
{

empt y( ) ;
r et ur n s;

}
}
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� : # 
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 �' (
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 � � � � � � � 
 �

c l ass St udent  :  Per son
{

pr i vat e School !  school ;

publ i c St udent ( st r i ng!  name,  School !  school )  
:  base( name)  
{  

/ *  t he school  i s  nul l  her e * /
t hi s. school  = school ;  

}
}
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 � � � � � � � �� � � � 	 �� �

c l ass St udent  :  Per son

{

pr i vat e School !  school ;

publ i c St udent ( st r i ng!  name,  School !  school )  

:  t hi s . school  = school ,  base( name)  

{  

}

}
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 �� � � �

� � 	 � � �
� � 
 �� � �� 
 # � � � �� �� �
 ��$�' ( ��� � �� 1� � � � �
 � � �� �� � � $� � 4� � �� � �

� � 	� � ��
� � $� � 4� � �� 1� � � � �
 � � ��# � �� # � � � �7' $� � 4� � � 1� � � � �
 � �� � � � 	� � �

voi d ReadToken( Ar r ayLi st ! a) t hr ows EndOf Fi l eExcept i on;
{  … }
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%� � 
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cl ass Ar r ayLi st
{

publ i c i nt Count  {  get {  … }  }
publ i c bool I sReadOnl y {  get {  … }  }
publ i c bool I sFi xedSi ze {  get {  … }  }

publ i c v i r t ual  voi d I nser t ( i nt i ndex,  obj ect i t em)
r equi r es 0 <= i ndex && i ndex <= Count  ot her wi se Ar gument Out Of RangeExcept i on;
r equi r es ! I sReadOnl y && ! I sFi xedSi ze;

{  … }
}

• syntax
� (requires condition [otherwise exception];)* 

� condition can contain parameters and public members only

� exception defaults to RequiresException 
• unchecked (a domain failure) 
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%� � � 
 � � ! �� �� � �

cl ass Ar r ayLi st
{

publ i c i nt Count  {  get {  … }  }

publ i c v i r t ual  voi d I nser t ( i nt i ndex,  obj ect i t em)
ensur es Count  == ol d( Count )  + 1;
ensur es i t em == t hi s[ i ndex] ;
ensur es For al l { i nt i  i n 0: i ndex;           ol d( t hi s [ i ] )  == t hi s [ i ]   } ;
ensur es For al l { i nt i  i n i ndex : ol d( Count ) ;  ol d( t hi s [ i ] )  == t hi s [ i +1] } ;

{  … }
}

• throws EnsureException if a run-time check fails
• special constructs:

� Forall quantifier

� intervals (lower-bound-included : upper-bound-excluded)

� old(x) denotes a value of x on entry to the method
• at run-time the expression x is evaluated on the method entry 

and the result is stored into a local variable
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• a contract clause can be marked by custom attributes

i nt Bi nar ySear ch( obj ect [ ] !  a,  obj ect i t em,  i nt l ow,  i nt hi gh)
r equi r es 0 <= l ow && l ow <= hi gh && hi gh <= a. Lengt h;

[ Condi t i onal ( " DEBUG" ) ]

r equi r es I sSor t ed( a) ;

{  … }
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% � ��9� � � � � � ��<��=��� ��� � �� 
 �� � � � �> ��� � $� �� � �
� $� �� � � � ( �?� 
 � � � # # �� � �� � � � � # +�@� �A� � � � �� 
 �
� �� � 
 � 
 	� �=� � � � � � $��� � � �) * * B�

% <��=��� ��� � �� 
 ��> ��� � $� �� � �
� 1� � � � �
 � �� � 	� � � � 	
 � �' ( �
� �� � 
 � 
 	� �=� � � � � � $��@� � ���) * * B�

% � ��9� � � � � � ��=��2 � � �� � ��� ��CD$� � � �� $��<��=��� ��� � �� 
 ��> ��� � $� �� � �
� � � �	�� � � �
 � �
 	�
 � 5� � �3
 � �� � � � � �� � 
 � � � # � �
 ��$��� � � � �� � � � ��
�� �E
 � � � � ��
 	�A� 5� � � �� � � $� 
 �
 � � �� � 
 ���* ��� 
 ��* ��) * * B��� � � � � �F� G* �

% <��=��� ��� � �� 
 ��?� � � � �� H��� �
A� 5� � � �7� � � � �� � � � � �� �2 � � � # �� �' 
 � � � 1� � ��
�� � ' AA?�) * * B��E� � � �) * * B�
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 ��%�  � � � 
#� �� � � � &%'� � � �(�
 � ��) * +�, �-
� � ��� $� �� �# 
 � �	�� �

� 
� � � � 
 	 � � � � 
�
� �
� C( �� 
 � � �� � � �� � �� � � � � � � � �	� 
 # �
 �$� � ��� � � � � � � � �� � � �� �� � �� � � � �

� �� � � � � � �
� � �4�� � �
 	�� � � � � � � � � � � �  � � "
� � �# �1�� � � �
 	� �# � � � � � �� � �� � � �	� � � � �
 � � ���� � � � � � � �	� � � � � � �

� �# � � � � � �� �
� �� � 
 � ��� � � � � � ��� ) � � 
 � �� � � ��� � � � � �� �� � � � ��1

� 	� � � � �
 � � �
� � � 
 � ��� "� � � � � � ��"� � � � �� � � �� � �%� �� � � ��� � � 
 �� / � � ��� � ����� � � ��1
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 	 �
 � �� � � � � � � � � � � � �	 � �� 
 !
� "� � ��� � � � #�$ � ��� ��� � � �

/ /  bi nds M t o 10:
l et M = 10

/ /  comput es  GCD ( usi ng l ocal  bi ndi ng t o t he r emai nder  assumi ng x > y) :
l et  r ec  gcd x y = 

l et r  = x  mod y i n
i f r  = 0 t hen y el se gcd x r

/ /  def i ni t i on of  a r ecur si ve f unc t i on comput i ng n- t h Fi bonacci  number :
l et r ec f i b n = 

i f n <= 1 t hen 1 el se f i b( n- 2)  + f i b( n- 1)

/ /  def i nes " mai n" as a r esul t  of  a chai n of  st at ement s  ( of  t ype uni t ) ;
l et mai n = 

f or i  = 1 t o M do
Syst em. Consol e. Wr i t eLi ne( f i b i ) ;

done;
Syst em. Consol e. ReadLi ne( )
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% 	 � 
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( �� �

% � � � � � � � � � �( #�) #�� #�*
( "�� � � �

% � � � � � � � � � �( �#�) �#�� �#�*
( � � ��

% � �
 � �� � � 
 �� � � � �$ ��� �� �� �
 � �� �� � �� � +� !
% ��, � �� � ��
% � � 
 � � � � �"� 
 	 � �� 
 � �	 � � � � � �
 � �� � �� �� � ' � ""� 	 �

% � 
 � � � � � �
 � �
( �� �4� "4"�� � � ��"�� � �4� "4�� � ��� � � �� � 4� "4�� � ��1
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% �� � ��
( � 5� 5��� � +��� � +�� � � �� �

% � ��� �� �� �	 � 
 � � �
 �
 � ��
 � � � � �#��
 � � � � �#�� 
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% � 
 � � � � � � � � � �� � � � �
( � � � � � � �� � 
 � �
( � �� � � �� �� � � � � �� � �� � �
( � � 
 � �� � � � � %�� � �� � � � � � 
 � � � "� !
( � � � � �� � "�� � � � � 5� 5�� � � � � �� "�� � � � � ��1 !

% � � � � � �� �� � � � �
( � � 
 � �
 � � � � � � � � �

% � �� ���
 � ��� �#�� � � �
 � ���� �#��
 � � � � � � #��
 � � � � � � �� � � � � #�*
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 � �

/ /  r ecor d

t ype per son =

{
Name:  st r i ng;

Dat eOf Bi r t h:  Syst em. Dat eTi me;  

}

/ /  gener i c di scr i mi nat ed uni on ( ' a i s  a t ype par amet er ) :

t ype ' a l i s t  = 

| Cons of ' a *  ' a l i s t
| Ni l

/ /  gener i c f unct i on:

t ype ' a r el at i on = ' a - > ' a - > bool
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( �� � � 7�. �89

( �� � � : �. �8; <=9
( �� � � ; �. �: �>>�� :

% � � � � � 
 � � �- �� � "� � � �. -

( �� � � =�. �� : �? �� ;
% 	 � 
 	 � � � 
 � � � � ��$ � ���� � � ��

% �� � �� �
( �� � � � 
 �� �. � : �; �=!
( �� � ' � � 
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% � � � 
 � � � � �� � � �� � �� � � �� � "
( �� � � � � � � � �. �B�� �. �: <�� �. �C<�� �. �D� � ��� D�E

% � � � � � �
( �� � � �. �8F�: <; <=<G�F9
( �� � �� � � ; �. �� 5 ; !
( �� � � 5 ; ! �H� : 7
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%� � � � � � �" � � 
 � �� &
� � � � � )

mat ch expr essi on wi t h
| pat t er n1 - > …
| p1 as var  - > … / /  bi nds val ue al so t o a var i abl e
| p1, p2, …, pk - > … / / t upl e
|  [ p1, p2, …, pk]  - > … / /  l i st
| head : :  t ai l  - > … / /  l i st
| { f 1 = p1;  … ;  f k = pk}  - > … / /  r ecor d

� ) � � 
 ��

/ /  appl i es f unct i on " f "  t o al l  i t ems of  l i st  " l s t "
l et  r ec appl y l s t  f  = 

mat ch l st  wi t h
|  [ ]  - > [ ]
|  head : :  body - > f  head : :  appl y body f

l et mul t i pl y  l s t  = appl y l s t  ( f un x - > x *  2)
l et dump l st  = appl y l s t  ( f un x - > Consol e. Wr i t eLi ne( x :  i nt )  )

l et mai n = dump ( mul t i pl y  [ 1; 2; 3]  2)
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