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MACHINE              CausalOrder 
SETS                      PROCESS ; MESSAGE  
VARIABLES         sender, receive, order 
INVARIANT       
 /* Inv-1 */          sender �   MESSAGE �  PROCESS    
 /* Inv-2 */       �  receive �  PROCESS �  MESSAGE �  order �  MESSAGE �  MESSAGE 
 /* Inv-3 */       �   dom(order) �  dom(sender)  �    ran(order) �  dom(sender)  
                         �  ran(receive) �  dom(sender) 
 /* Inv-4 */       �   � p,m � (p � PROCESS �  m �  MESSAGE �  (p � m) �  receive  �  p 	  sender(m)) 
 /* Inv-5 */       �  � m1,m2,m3 � (m1 � MESSAGE �  m2 � MESSAGE �  m3 �  MESSAGE 
                                   �  (m1 �  m2) �  order �  (m2 � m3) �  order  �  (m1 �  m3) �  order) 
 /* Inv-6 */       �
� m1,m2,p � (m1 �  MESSAGE �  m2 �  MESSAGE �  p �  PROCESS  
                                   �  (m1 � m2) � order �  (p � m2) � receive �  p 	 sender(m1)  �  (p � m1) �  receive ) 
 
INITIALISATION 
                                      sender := �    || receive := �  || order := �  
OPERATIONS 
   Send(pp,mm) �   PRE  pp �  PROCESS �  mm �  MESSAGE 
                             THEN  
                                      SELECT mm 
  dom(sender) 
                                      THEN 
                                               order := order  � ( (sender~[{pp}] * {mm})  �  ( receive[{pp}] * {mm})) 
                                            || sender := sender �  {mm �  pp} 
                                       END 
                                    END; 
 Receive(pp,mm) �  PRE  pp �  PROCESS �  mm �  MESSAGE 
                                THEN  
                                      SELECT mm �  dom(sender)  �  (pp �  mm) 
  receive   
                                                     �  pp 	 sender(mm) 
                                                     �  � m.( m �  MESSAGE �  (m � mm) �  order  
                                                                                            �  pp 	  sender(m)  �  (pp �  m) �  receive) 
                                       THEN 
                                                            receive := receive �  {pp �  mm} 
                                       END 
                                 END 
END 
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VARIABLES        sender, receive, order, buffer, VTP, VTM 
INVARIANT 
/*Inv-7*/                 VTP �  PROCESS 
  (PROCESS �  � )  
/*Inv-8*/              �  VTM �  MESSAGE � ( PROCESS �  � ) 
/*Inv-9*/              �  buffer �  PROCESS �  MESSAGE   �  ran(buffer)  �  dom (sender) 
/*Inv-10*/            �  � m1,m2,p � (m1 �  MESSAGE �  m2 �  MESSAGE �  p �  PROCESS   
                                               �  (m1 �  m2) �  order   �  VTM (m1)(p) �  VTM(m2)(p) ) 
INITIALISATION 
 
 VTP :=  PROCESS * { PROCESS * {0}} 
||VTM := �   
|| sender := �  || buffer := �  || receive := �  || order := �  
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OPERATIONS 
 
 Send(pp,mm) 

�
    SELECT mm � dom(sender) 

                              THEN 
                                                  LET nVTP    
                                                  BE   nVTP = VTP(pp) �  { pp �  VTP(pp)(pp)+1}   
                                                  IN     VTM(mm) := nVTP   || VTP(pp) := nVTP   END 
                                              || sender := sender �  {mm �  pp} 
                               END ; 
 
Arrive(pp,mm) 

�
    SELECT       mm �  dom(sender) �  (pp �  mm) �  buffer  

                                                 �  (pp �  mm ) �  receive   �  pp �  sender(mm) 
                               THEN 
                                                 buffer := buffer �  {pp �  mm} 
                               END ; 
 
Receive(pp,mm) 

�
  SELECT    (pp �  mm) �  buffer   �  (pp �  mm) �  receive  �  pp �  sender(mm)    

                                          �  � p.( p �  PROCESS �  p �  sender(mm)    	  VTP(pp)(p) 
  VTM(mm)(p)) 
                                          �   VTP(pp)(sender(mm)) = VTM (mm)(sender(mm))-1 
                                THEN 
                                               receive := receive �  {pp �  mm}   || buffer := buffer - {pp � mm} 
                 ||  VTP(pp) := VTP(pp) �  ({q

�
q �  PROCESS � VTP(pp)(q) < VTM(mm)(q)} �  VTM(mm))   

                                 END                    
END 
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À i«oUlunko�^\hkmw`blÉ`UlÉq)`br8sGtGhkf\iY]@{vn�hkf3r6� sus 
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 � � Å 
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