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class Buffer {
String get() & async put(String s) {

return s;
}

}
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class Buffer {
String get() & async put(String s) {

return s;
}

}

•An ordinary (synchronous) method header with no 
arguments, returning a string
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class Buffer {
String get() & async put(String s) {

return s;
}

}

•An ordinary (synchronous) method header with no 
arguments, returning a string

•An asynchronous method header (hence returning 
no result), with a string argument
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•An ordinary (synchronous) method header with no 
arguments, returning a string

•An asynchronous method header (hence returning 
no result), with a string argument

•Joined together in a chord with a single body

class Buffer {
String get() & async put(String s) {

return s;
}

}
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•Calls to put() return immediately (but are internally queued if there’s 
no waiting get()).

•Calls to get() block until/unless there’s a matching put()

•When there’s a match the body runs, returning the argument of the 
put() to the caller of get().

•Exactly which pairs of calls are matched up is unspecified.

class Buffer {
String get() & async put(String s) {

return s;
}

}
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� ���� ,
	��$�
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•Does ���� example involve spawning any threads?

•No. Though the calls will usually come from different pre-
existing threads.

•So is it thread-safe? You don’t seem to have locked anything…

•Yes. The chord compiles into code which uses locks. (And that 
doesn’t mean everything is synchronized on the object.)

•Which method gets the returned result?

•The synchronous one. And there can be at most one of those in 
a chord.

class Buffer {
String get() & async put(String s) {

return s;
}

}
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�	��	�1- ���	�

…using threads and mutexes in Modula 3
An introduction to programming with threads. 
Andrew D. Birrell, January 1989.

An integer i represents the lock state: 
-1 �� 0    �� 1 �� 2 �� 3 …

(exclusive)  (available)   (shared)
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�	��	�1- ���	���$���2	���
���

public class ReaderWriter {
public void AcquireExclusive() & async Idle() {}
public void ReleaseExclusive() { Idle(); } 

public void AcquireShared() & async Idle()   { S(1); }
public void AcquireShared() & async S(int n) { S(n+1); }
public void ReleaseShared() & async S(int n) { 
if (n == 1) Idle(); else S(n-1); 

}

public ReaderWriter() { Idle(); }
}

A single private message represents the state:
none �������� Idle() �������� S(1) �������� S(2) �������� S(3) …

(exclusive)   (available)    (shared)

A pretty transparent description of a simple state machine.
Moreover, the synchronization patters are apparent in the class interface,
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CambridgeCambridge[[
EagleEagle[[

chairchair[[00] | ] | 
TT

] |] | TT
]]

DescriptionDescription

In Cambridge there is (at In Cambridge there is (at 
least) a pub called the Eagle least) a pub called the Eagle 
that contains (at least) one that contains (at least) one 

empty chair.empty chair.

CambridgeCambridge[[
EagleEagle[[

chairchair[[00] |] |
chairchair[[00]]

]]
]]

In Cambridge there is In Cambridge there is 
(nothing but) a pub called the (nothing but) a pub called the 
Eagle that contains (nothing Eagle that contains (nothing 

but) two empty chairs.but) two empty chairs.

DataData

da
ta
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 d
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EagleEagle[[
chairchair[[¬¬00 ∧∧ ��] |] |
TT

]]

Yes: Yes: �� = = JohnJohn[[00]]
Yes: Yes: �� = = MaryMary[[00]]

With match variables With match variables ��: : Who is really sitting at the Eagle?Who is really sitting at the Eagle?

from from EagleEagle[...][...]
match Eaglematch Eagle[[chairchair[[¬¬00 ∧∧ ��] | ] | TT]]
select select personperson[[��]]

Single result: Single result: 
personperson[[JohnJohn[[00]] | ]] | 
personperson[[MaryMary[[00]]]]

With With selectselect--fromfrom::
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BordersBorders[[
StarbucksStarbucks[[……] |] |
BooksBooks[[……]]

]]

BordersBorders[[TT] ] ��
BordersBorders[[StarbucksStarbucks[[TT] | ] | TT]]

If itIf it’’s a Borders, s a Borders, 
then it must contain a Starbucksthen it must contain a Starbucks

““VerticalVertical”” implications about nestingimplications about nesting
““Business PolicyBusiness Policy””

SmokerSmoker[[……]] ||
NonSmokerNonSmoker[[……]] ||
SmokerSmoker[[……]]

((NonSmokerNonSmoker[[TT] | ] | TT) ) ��
((SmokerSmoker[[TT] | ] | TT))

If there is a NonSmoker,If there is a NonSmoker,
then there must be a Smoker nearbythen there must be a Smoker nearby

““HorizontalHorizontal”” implications about proximityimplications about proximity ““Social PolicySocial Policy””
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��? � 0 ∨ � zero or one �
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T ::= N  
|  T[] | T{}
|  T(…,T,…)
|  T|T
|  T* 
|  […, T m,…]  

�����

����	
�

������
������

	��	��
 ��������




2004-10-06 34

%�
�	���
$



2004-10-06 35

: ���$�

� ' 	�
5�	�
�$
�
������B%������
����

���
��
��

� ���
����	�
���
���	�
� ? ���	�
%���
���
�
!�
���
��
��	����

� ? ���	�
����
!�

	���%���	

� )	
%��������	�
��	����
��
� ? �� 
��	
� 

%���
��B���

$��� �6
�, 
�������

� ? �� 
��	
� 

%���
��B���

����6
���������

� @+%����
��

����
�
�$
���
����	�
�%
�������

π(��������
�
��������	
����
���
� ��
��
��
�
�	

���%��
%�������
�	��������



2004-10-06 36

)

* �%�
�	���
$0 ; �
�,���	���
$

� ;���%
��
����	 ��
�
	
� 
�
	
���
��	������

����
��	
!

���
�
��
���������
�	�
��	����


��
$���������

� )�
��
�
	������

+�
	���	
�$
��

����(!��
�

��%

����
��
�
�
��%
�
$��
��

π(���������
� �ν;�
�ν	�;�
�ν��;�
���
� ��
��

�
	
� 
����%
���
��
�	��������
�
��%

��

����
����	�
;�
�	�
%�%����

��
� ���
	
� 

�
�
	��

	�
��
���

� ' 
�
��
�
��5

	 ��	
	
�
�

���%

$���
��


�	�����
���%

�$
;�
��
�
���%�

����
�
�$

��%
��
�5�	��



2004-10-06 37

� $�����	��3 ,,
$	$��

� ���!�
��
�%%�	
	��
��
���
, �%%��

��

�%%�	
	�
��

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

�	�����
�
�����	
��

�ν%�8� �%����A* K


 �ν;�
�ν+�;�
�%�+� K
�.��
�	�����
�











�	�����
� �����
�
�������
��%
��
�5
�
	��

�
��
� �%%�	
	� %���
�

� / ���
�	
�	��%
�
�%%�	
	��
!�
��
���	�
�	
��

��%


�$
��

%�!���
���		
�
%�
!

�!�

��
��>���

�
��
�

�	$�������	6


� 4����	��
���
	��
� �

$���
����
��

%���
�
��
� 
��(
��%
�
��
��$$���
	�
��

	���

�
��
���

�
	
�	

%�
�
	�

�$
�	��%
�
�%%�	
	���
@��
	������

!
����

%�+� ����
!

�������
� 
��(��%
��

� / 

��
	��

�
	
	

�
��
�����
��

��%

�$
��


%�!���
���		
�
%�
�!���	
�
$���
�
%��
	������

�	�����
�
	��

�
��
��



2004-10-06 38

� 	��	�+�; ����$�		

� ��������
�*�
�
$
�
	�

��	����
0 ��
�
�$
����%
; �
���	
�
��
��
$��
�
��

������

��

�	�����
���%

�$
�ν;��

� , 
��
��
� �
��
�
�%���%����
��
)$
�ν;��ν+�I;I�� ��
� 
��(��%
��
��
	
� � ���
	��
�
�5
+

�
	
��
�	
�	��%
�
��	�����
��
�%%�	
	��



2004-10-06 39

� ����%�
�	���
$0 # �		��* ����: ���	$����	
�

P,Q ::= 
0  
n[P]  
P | Q
(νn)P

P QP

n

P

n

(root)
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• (νn)(P | (νn)Q) � ((νn)P) | ((νn)Q)

• (νn)m[P] � m[(νn)P]  if n≠m

n

P Q

n n

P Q

n

=

P

m
n

= P

m
n
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• E.g., XML IDREFs

Encoded as
(unique) addr[y[0]]

Encoded as
ptr[y[0]]

ptr
y

addr

y

y

anonymous pointer id

y
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another account

an account

another (guaranteed 
different) account number
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