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- Anfangs .

- Genau ein hinzugefügter Befehl: x := e
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- Auffinden eines günstiger festzustellenden Prädikats  über einer

geeigneten Datenstruktur d'.

- Gestaltung des Programms so, daß
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Program {superposition} P2

initially count = 0 [] claim = false [] 〈[] u :: u.m = 0 〉
transform

for each processor u transform each statement s

in processor u to

s || u.m := u.m + 1

add count := 〈+ u :: u.m 〉 [] claim := (count > 10)

end {P2}

� � �

� � � � � � � �

� 	 
 � �  � � � � � � � � � � � N � � � � � � � � � � N

� � �  ! " # � $ % $ & " ' ( � ) ! � * + , " � - ! " ) . / 0 0 1 / 2 . 3 4 5 6 7 8 ( � �9 ! : " 6 ; < = $ � 6 � > ! ; ! " ? " $ 6 ; ! " 2 ! " @ ! � ; < � ) ; � ! # ! " � � $ ! " ' ( ) ! A < B ! C " A @ ! D = ! � ( < E ! " C ( ' - ; ! " � � �  ! " # � $ % $ & " ' ( � ) ! � * + , " � - ! " )� # $ 6 C � ! F ! � ! C 8 � ) < � ) ; ! # ? < $ 6 " # < � A < ' % # # � ) G H � �

J | ¢ | ¢ � � � � � � � � � R � � � � � N � � � � � � � � � � � � � �
❏

� W � N � � � � � R � � � �
} | � � O � � � M � � � N � � � � � � � � � � W � P S � � � � � � � � M W � � M � � � � � � S M � � � � � � � � � � � � � � � W � P S � �M W � � M � � W � � � � � � � � � � � � S M � � | � � � � L

� | Q � � O P � � � � N R � � � � � � � P S � � M � N � � � � � � � � � � S M � � � | � � � � � � W � � � � � � � � � � � � S M � � � | �� � � � � � M M � � � � � � � � � M W � � M � � � � � � � � � � � � � � � V � W � � � � W � � � � � |
¡ | � � � � � S M � � W � � � � � � T M � � � � � � � � � � � � � � � � R � � � � � � � � � � � S M � � |

¢ | � � � � � � � Q � � � � � � � � N � � � � R � � � � � � � � � � � � � � � � � � |

❏
� W � � � M � ~ � � � � � � � S � � N

� � � � � � � � �
� O P � � M M � � �

� W M N � � � � N L

� | � ® � � � � � M � � � ~ � O � � M � � � � O P � � � � N � � � � V � W � � � �
( )� | � �

>( )
� � � � � � � � | � �

>( )� M � � � � � � � � � � � W � � � } ¨
>( )

ø � L L � | �
〈 〉

�
>( )

� � � � � � � ø � L L � | �
〈 〉

�
>( )



� � �

� � � � � � � �

� 	 
 � �  � � � � � � � � � � � N � � � � � � � � � � N

� � �  ! " # � $ % $ & " ' ( � ) ! � * + , " � - ! " ) . / 0 0 1 / 2 . 3 4 5 6 7 8 ( � �9 ! : " 6 ; < = $ � 6 � > ! ; ! " ? " $ 6 ; ! " 2 ! " @ ! � ; < � ) ; � ! # ! " � � $ ! " ' ( ) ! A < B ! C " A @ ! D = ! � ( < E ! " C ( ' - ; ! " � � �  ! " # � $ % $ & " ' ( � ) ! � * + , " � - ! " )� # $ 6 C � ! F ! � ! C 8 � ) < � ) ; ! # ? < $ 6 " # < � A < ' % # # � ) G H � �

❏
� W � � � � � � � � � � S � R � � � � � � � � � � � N � � � � � � � N � �

� R � � � � M � N � � � R � � � � � N � � � � � � � � � � � � � � T � � W � \ j s j x s d |

❏
� S M � � � � � N � � � V � W N � � � � �

Program {superposition} P3

initially n = 0 [] claim = false [] 〈[] u :: u.m, u.r = 0, 0 〉
transform

for each processor u, transform each statement s

in processor u to

s || u.m := u.m + 1

add n := 〈+ u :: u.r 〉 [] claim := (n > 10)

[] 〈[] u :: u.r := u.m 〉
end {P3}
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Program {structure of the underlying program} R0

assign 〈[] u, v :: (u, v) ∈ E :: v.idle := u.idle ∧ v.idle 〉
[] 〈[] u :: u ∈ V :: u.idle := true 〉

end {R0}
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Program {superposition on R0} R1

initially claim = false

add claim := 〈∧ u :: u.idle 〉
end {R1}
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Program {the transformed program} R2

initially claim = false [] d = {u | u.idle}

assign 〈[] (u, v) :: v.idle := u.idle ∧ v.idle

|| d := d - {v} if ¬u.idle

〉
[] 〈[] u :: u.idle := true

|| d := d ∪ {u} if  u.idle

〉
[] claim := (d = V)

end {R2}
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Program {the transformed program} R2'

initially claim = false [] d = {u | u.idle}

assign 〈[] (u, v) :: v.idle := u.idle ∧ v.idle

|| d := d - {v}   if ¬u.idle

〉
[] 〈[] u :: u.idle := true

[] d := d ∪ {u}   if  u.idle

〉
[] claim := (d = V)

end {R2'}
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Program {the transformed program} R3

initially claim = false [] b = empty [] 〈[] u :: u.delta = empty 〉
assign 〈[] (u, v) :: v.idle := u.idle ∧ v.idle

|| u.delta := u.delta ∪ {v}

if ¬u.idle

〉
[] 〈[] u :: u.idle := true 〉
[] 〈[] u :: b, u.delta := b ∪ {u} - u.delta, empty

if  u.idle

〉
[] claim := (b = V)

end {R3}
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Program {structure of the underlying program} DS

assign
{ u sends message m along channel (u, v).c

  if u is active}

〈[] u, v : (u, v) ∈ E :: (u, v).c := (u, v).c; m

if ¬u.idle 〉
{ v becomes active by receiving a message

  along channel (u, v)}

[] 〈[] u, v : (u, v) ∈ E :: v.idle, m, (u, v).c := false,

head((u, v).c), tail((u, v).c)

if  (u, v).c ≠ null 〉
[] 〈[] u :: u.idle := true 〉

end {DS}
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Program {distributed termination detection - transformed program} R4

initially
claim = false [] b = empty [] 〈[] u :: u.delta = empty 〉

assign
{u sends message m along channel (u,v).c if u is active,
 and u.delta is updated}
〈[] (u, v) ::

   (u, v).c, u.delta  := (u,v).c;m, u.delta ∪ {v}
if ¬u.idle 〉

{u receives a message along channel (u, v)
 after which it becomes active}

[] 〈[] (u, v) ::
v.idle, m, (u, v).c := false, head((u, v).c), tail((u, v).c)

if (u, v).c = null 〉
[] 〈[] u :: u.idle := true 〉

{added statements}
[] 〈[] u :: b, u.delta := b ∪ {u} - u.delta, empty

if u.idle ∧ u.e 〉
[] claim := (b = V)

end {R4}
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