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Moti vation

High qualitydemandsfor telecommunicationsoftware
(availability, robustness,correctness,...)

Testingnotsuf�cient to guaranteeproperties

Solution:formalveri�cation

Useof formal methodsto prove that(amodelof) asystem
hascertainpropertiesspeci�edin a suitablelogic.
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Moti vation

High qualitydemandsfor telecommunicationsoftware
(availability, robustness,correctness,...)

Testingnotsuf�cient to guaranteeproperties

Solution:formalveri�cation

Useof formal methodsto prove that(amodelof) asystem
hascertainpropertiesspeci�edin a suitablelogic.

Here:

Concentrateon �rst step:modelconstruction

Putemphasisonmobility

Re�nementof translationpresentedat lastyear's ErlangWS
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PIErlang Syntax: Subsetof Erlang

Program ::= Fdef1 : : : Fdefn ; n>0

Fdef ::= f( X1, : : : , Xn)-> E ; n>=0

E ::= n j a j X

j X=E j E1; E2

j self() j f( A1, : : : , An) ; n>=0

j spawn( f , [ A1, : : : , An]) ; n>=0

j f A1, : : : , Ang ; n>0

j A1! A2 j A! f A1, : : : , Ang ; n>0

j receive M1; : : : ; Mn end ; n>0

j case E of M1; : : : ; Mn end ; n>0

M ::= P-> E j f P1, : : : , Png-> E ; n>0

P ::= n j a j X

A ::= n j a j X j self()
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Mobility in Erlang II
Behaviour of resourcemanager

Rsr : resource() Mgr: manager(Rsr)

Clt : client(Mgr)
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Mobility in Erlang II
Behaviour of resourcemanager

Rsr : resource() Mgr: manager(Rsr)

Clt : client(Mgr)

Clt! f ok,Rsr g
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Mobility in Erlang II
Behaviour of resourcemanager

Rsr : resource() Mgr: manager(Rsr)

Clt : client(Mgr)

Rsr!request
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Mobility in Erlang I
A simplistic resourcemanager

start() ->
Rsr = spawn(resource, []),
Mgr = spawn(manager, [Rsr]),
client(Mgr).

resource() -> manager(Rsr) ->
receive receive

Req-> f access, Cg ->
action C! f ok, Rsr g

end. end

client(Mgr) ->
Mgr! f access, self() g,
Receive

f ok, Rg ->
R!request

end.
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The (Polyadic and Asynchronous)� –Calculus

Sys::= Pdef1 : : : Pdefn % system

Pdef ::= i( x1, : : : , xn) = Proc % processde�nition

Proc ::= nil % inactive process
j x0( x1, : : : , xn) . Proc % input
j x0<x1, : : : , xn>.nil % asynchronousoutput
j Proc1 k Proc2 % parallelcomposition
j Proc1 + Proc2 % non–deterministicchoice
j ( � x) Proc % new name
j [ x1=x2] Proc % match
j [ x1<>x2] Proc % mismatch
j i( x1, : : : , xn) % processinstantiation
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Communication in the � –Calculus

Reactionrule:

x0<y1, : : : , yn>.nil k x0( x1, : : : , xn) . P
! nil k P[x1 7! y1; : : : ; xn 7! yn]

actuallysynchronous

however, specialform of outputis “non–blocking”
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The ResourceManager in � –Calculus

Main = ( � self )(start(self))

start(self) = ( � rPID, mPID, cPID, p, q)

( p<rPID >.nil k resource(rPID) k

p(Rsr).( q<mPID>.nil k

manager(mPID,Rsr) k

q(Mgr).client(cPID,Mgr)))

resource(self) = self(Req). res<action >.nil

manager(self,Rsr) = self(input,C).

[input=access] C<ok,Rsr >.nil

client(self, Mgr) = Mgr<access,self >.nil k

self(input,R).

[input=ok] R<request >. nil
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Observing Behavior of ResourceManager in � –Calculus

Instantiationof start process=) reacton p andq =) omit nil
process 0

B
B
B
B
B
B
@

( � rPID, mPID, cPID )0

B
B
B
B
@

resource(rPID)
k

manager(mPID, rPID)
k

client(cPID, mPID)

1

C
C
C
C
A

1

C
C
C
C
C
C
A
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Uponinstantiationof manager andclient process,weget
0

B
B
B
B
B
B
B
B
@

( � rPID, mPID, cPID )0

B
B
B
B
B
B
@

resource(rPID)
k

mPID(input,C).[i nput =acc ess ] C<ok,rPID >.nil
k

mPID<access,cPID >. nil k
cPID(input,R).[i nput =ok] R<request >. nil

1

C
C
C
C
C
C
A

1

C
C
C
C
C
C
C
C
A
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Observing Behavior of ResourceManager in � –Calculus

client asksmanager for handleto resource : reacton mPID
0

B
B
B
B
B
B
@

( � rPID, mPID, cPID )0

B
B
B
B
@

resource(rPID)
k

[ access=access ] cPID <ok,rPID >. nil
k

nil k cPID (input,R).[ inp ut =ok] R<request >. nil

1

C
C
C
C
A

1

C
C
C
C
C
C
A
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Observing Behavior of ResourceManager in � –Calculus

client asksmanager for handleto resource : reacton mPID
0

B
B
B
B
B
B
@

( � rPID, mPID, cPID )0

B
B
B
B
@

resource(rPID)
k

[ access=access ] cPID <ok,rPID >. nil
k

nil k cPID (input,R).[ inp ut =ok] R<request >. nil

1

C
C
C
C
A

1

C
C
C
C
C
C
A

Matchingaccess=access , reacton cPID

0

B
B
B
B
B
B
@

( � rPID, mPID, cPID )0

B
B
B
B
@

resource(rPID)
k
nil
k

nil k [ok=ok] rPID <request >.nil

1

C
C
C
C
A

1

C
C
C
C
C
C
A
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Observing Behavior of ResourceManager in � –Calculus

Invoking theresource process,we get

0

B
B
B
B
B
B
@

( � rPID, mPID, cPID )0

B
B
B
B
@

rPID (Req). res <action >. nil
k
nil
k

nil k [ok=ok] rPID <request >.nil

1

C
C
C
C
A

1

C
C
C
C
C
C
A
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Observing Behavior of ResourceManager in � –Calculus

Invoking theresource process,we get

0

B
B
B
B
B
B
@

( � rPID, mPID, cPID )0

B
B
B
B
@

rPID (Req). res <action >. nil
k
nil
k

nil k [ok=ok] rPID <request >.nil

1

C
C
C
C
A

1

C
C
C
C
C
C
A

client cansendactualrequestto resource

0

B
B
B
B
B
B
@

( � rPID, mPID, cPID )0

B
B
B
B
@

res <action >.nil
k
nil
k

nil k nil

1

C
C
C
C
A

1

C
C
C
C
C
C
A
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The Translation Mapping

Goal: de�ne
TrPI : Erlang! � –Calculus

suchthatthe“essentialbehaviour” of programsis represented
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The Translation Mapping

Goal: de�ne
TrPI : Erlang! � –Calculus

suchthatthe“essentialbehaviour” of programsis representedImportant

issues:

Datastructures

Processcreation

Asynchronouscommunicationvia mailboxes

Polyadic(i.e., tuple)communication

Deterministicmatching(case /receive )
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Translation of Programsand Function De�nitions

Translationof programs:

TrPIprog : Program! Sys

TrPIprog(Fdef1 : : : Fdefn)

:=
�

Main = ( � self,... ) TrPIexp(self ; f0)
TrPI fundef(Fdef1) : : : TrPI fundef(Fdefn)

�
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Translation of Programsand Function De�nitions

Translationof programs:

TrPIprog : Program! Sys

TrPIprog(Fdef1 : : : Fdefn)

:=
�

Main = ( � self,... ) TrPIexp(self ; f0)
TrPI fundef(Fdef1) : : : TrPI fundef(Fdefn)

�

Translationof functionde�nitions:

TrPI fundef : Fdef ! Pdef

TrPI fundef(f ( X1, : : : , Xn)-> E)

:= f (self , X1, : : : , Xn)= TrPIexp(self ; E)

self : pid of evaluatingprocess(= self() )
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Translation of ExpressionsI

TrPIexp : Name� Expression! Proc

yieldsaprocesswhichevaluatesthegivenexpression...

... andreturnsthevaluealongtheres channel

abstractsfrom (most)datastructures(numbers,lists, ...)

atomsandpidsarefaithfully represented
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Translation of ExpressionsII
Simpleexpressions

Usingtheauxiliary function

TrPIarg : Argument! Name

with

TrPIarg(n) := unknown

TrPIarg(a) := a

TrPIarg(X) := X

TrPIarg(self() ) := self

simpleexpressionscanbetranslatedasfollows:

TrPIexp(self ; A) := res <TrPIarg(A)>.nil

TrPIexp(self ; f A1, : : : , Ang) := res <TrPIarg(A1); : : : ; TrPIarg(An)>.nil
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Translation of ExpressionsIII
Sequencingexpressions

TrPIexp(self ; X = E1, E2)

:= ( � res 0) (TrPIexp(self ; E1) k res 0( X). TrPIexp(self ; E2))

TrPIexp(self ; E1, E2)

:= ( � res 0) (TrPIexp(self ; E1) k res 0( dummy). TrPIexp(self ; E2))
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Translation of ExpressionsIII
Sequencingexpressions

TrPIexp(self ; X = E1, E2)

:= ( � res 0) (TrPIexp(self ; E1) k res 0( X). TrPIexp(self ; E2))

TrPIexp(self ; E1, E2)

:= ( � res 0) (TrPIexp(self ; E1) k res 0( dummy). TrPIexp(self ; E2))

Example:

TrPIexp(self ; X = a, f X,b g)

= ( � res 0) (res 0<a>.nil k res 0(X ) . res <X; b>.nil )
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Translation of ExpressionsIV
Function calls and processcreation

TrPIexp(self ; f ( A1, : : : , An) )

:= f ( self , TrPIarg(A1), : : : , TrPIarg(An))

TrPIexp(self ; X = spawn( f , [ A1, : : : , An]), E)

:= ( � self 0)( � res 0)0

B
B
@

f (self 0, TrPIarg(A1), : : : , TrPIarg(An)) k
res 0( dummy). nil k
res <self 0>.nil k
res ( X). TrPIexp(self ; E)

1

C
C
A
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Translation of ExpressionsV
Messagepassing(polyadic)

TrPIexp(self ; A1! A2)

:= TrPIarg(A1)<TrPIarg(A2)>.nil k res <TrPIarg(A2)>.nil

TrPIexp(self ; A! f A1, : : : , Ang)

:= TrPIarg(A)<TrPIarg(A1); : : : ; TrPIarg(An)>. nil k
res <TrPIarg(A1); : : : ; TrPIarg(An)>. nil

Implicit representationof Erlangmailboxusingconcurrent“output
particles”

Abstractsfrom arrival orderof messages
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Example:

P!a,P!b
TrPIexp
� !
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Translation of ExpressionsV
Messagepassing(polyadic)

TrPIexp(self ; A1! A2)

:= TrPIarg(A1)<TrPIarg(A2)>.nil k res <TrPIarg(A2)>.nil

TrPIexp(self ; A! f A1, : : : , Ang)

:= TrPIarg(A)<TrPIarg(A1); : : : ; TrPIarg(An)>. nil k
res <TrPIarg(A1); : : : ; TrPIarg(An)>. nil

Implicit representationof Erlangmailboxusingconcurrent“output
particles”

Abstractsfrom arrival orderof messages

Example:

P!a,P!b
TrPIexp
� !

( � res0)�
P<a>.nil k res 0<a>.nil k
res 0( dummy). (P<b>.nil k res <b>. nil )

�

#� #�
MailboxP : . . . a b P<a>.nil k P<b>.nil k res <b>.nil
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Translation of ExpressionsVI
Branching expressions

Previoussimpletranslation:nondeterministicandmonadic

receive
ok -> a;
f req, Pg -> b;
X -> c

end

TrPIexp
� !

self (in ).[ in =ok ] res <a>. nil +
self (in ).[ in =unknown ] res <b>.nil +
self (X ). res <c>.nil
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Translation of ExpressionsVI
Branching expressions

Previoussimpletranslation:nondeterministicandmonadic

receive
ok -> a;
f req, Pg -> b;
X -> c

end

TrPIexp
� !

self (in ).[ in =ok ] res <a>. nil +
self (in ).[ in =unknown ] res <b>.nil +
self (X ). res <c>.nil

Improvedtranslation:deterministicandpolyadic

self (in ).[ in =ok ] res <a>. nil +
self (in,P ).[ in =req ] res <b>.nil +
self (X ) . [X <>ok ] res <c>.nil

(case : analogous)
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Conclusion

Done:

Developeda � –calculusmodelwhichre�ects “essential”behaviour of an
Erlangprogram
Improvementof previousapproach:

respectsorderof overlappingpatterns(deterministicbranching)
supportstuplecommunication
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Conclusion

Done:

Developeda � –calculusmodelwhichre�ects “essential”behaviour of an
Erlangprogram
Improvementof previousapproach:

respectsorderof overlappingpatterns(deterministicbranching)
supportstuplecommunication

To do:

Largercasestudies

Representationof list datastructures

Respectorderof messages
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Conclusion

Questionsplease?
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