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@ High quality demanddor telecommunicatiosoftware
(availability, robustnessgorrectness,.)

@ Testingnotsufcient to guarante@roperties
@ Solution:formalveri cation

Useof formal methodgo prove that(a modelof) asystem
hascertainpropertiesspeci edin a suitablelogic.
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@ High quality demanddor telecommunicatiosoftware
(availability, robustnessgorrectness,.)

@ Testingnotsufcient to guarante@roperties
@ Solution:formalveri cation

Useof formal methodgo prove that(a modelof) asystem
hascertainpropertiesspeci edin a suitablelogic.

Here:
o Concentrat®n rst step:modelconstruction
o Putemphasi®n mobility
@ Re nementof translationpresentedtlastyears ErlangWs
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PlErlang Syntax: Subsetof Erlang

Program := Fdef:::Fdef,; n>0
Fdef = f( Xq, :::, Xp)-> E; n>=0

E = njajX
] X=EjEyE
jooself) jf( Ay, i, An) 5 n>=0
j spawn(f, [Ag ::, Ay ; n>=0
i TAq, i, Ang; n>0
i A AJANTAL i, Alg; >0
j receive My; i Mpend ; n>0
j case Eof My; :::; Mpend ; n>0

M == P->EjfPq, :::, Phg->E; n>0

P == njajX

A = njajXjself()

théns an'l AutomaticVeri cation of ErlangPrograms ErlangWS'06 3



Mobility in Erlang Il
Behaviour of resource manager

@It : client(Mgr) >
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Mobility in Erlang Il

Behaviour of resource manager

Mgr! faccess,Clt g

@It : client(Mgr) >
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Mobility in Erlang Il

Behaviour of resource manager

AN Clt! fok,Rsr g

@It : client(Mgr) >
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Mobility in Erlang Il

Behaviour of resource manager

Rsrlrequest L7

@It : client(Mgr) >
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Mobility in Erlang |

A simplistic resouice manager

start() ->

Rsr = spawn(resource, M,
Mgr = spawn(manager, [Rsr]),
client(Mgr).

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

Reqg-> faccess, Cg ->
action C!fok, Rsrg
end. end

client(Mgr) ->
Mgr! faccess, self() g,
Receive
fok, Rg ->
Rlrequest
end.
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The (Polyadic and Asynchronous) —Calculus

Sys::

Pdef::=

Proc::=

Queens

— s e e e e e

Pdef : :: Pdef,

i( X1, :::, Xn) = Proc
nil

Xo( X1, i1, Xn). Proc
Xo<X1, ::i, Xp>.nil
Proc; k Proc,

Proc; + Proc

( x) Proc

[ X1=%o] Proc

[ Xy<>xo] Proc

i(X1, i:0, Xn)

% system
% procesgle nition

% inactive process

% input

% asynchronousutput

% parallelcomposition

% non—deterministichoice
% nenv name

% match

% mismatch

% processnstantiation

AutomaticVeri cation of ErlangPrograms ErlangWS'06 7



Communication in the —Calculus

Reactiorrule:

Xo<VY1, ::i, Yo>.nil KXo( Xy, :i:, Xn). P
Foonil KPXe 7V vy oo % 70yl

@ actuallysynchronous
o however, specialform of outputis “non—blocking”
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The ResourceManagerin —Calculus

Main
start(self)

( self )(start(self))

( rPID, mPID, cPID, p, Q)
(p<rPID >.nil  k resource(rPID) k
p(Rsr).(  g<mPID>.nil Kk
manager(mPID,Rsr)  k
g(Mgr).client(cPID,Mgr)))

self(Req). T1eskaction  >.nil
self(input,C).

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

resource(self)
manager(self,Rsr)

client(self, Magr)
self(input,R).
[input=ok]  R<request >. nil
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Observing Behavior of Resouice Managerin —Calculus

Instantiationof start process=) reactonp andq =) omit nil
process 1
rPID, mPID, cPID) 1

O
resource (rPID)
%}manager mPID, rPID) g

client(cPID, mPID)
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Obsewing Behavior of Resource Managerin —Calculus

Instantiationof start process=) reactonp andq =) omit nil
process 1
rPID, mPID, cPID) 1

resource(rPID)

k
%}manager(mPlD, rPID) g
k

client(cPID, mPID)

Uponinstantiationof manager andclient  processwe get

0 1
rPID, mPID, cPID)

resource(rPID)

k

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

m <access,cPID >.nil k

cPID(input,R).[i nput =ok] R<request >. nil
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Observing Behavior of Resouice Managerin —Calculus

client asksmanager for handleto resource :reacton mPID

0 1
rPID, mPID, cPID)

1
resource(rPID)
k
[ access=access ] cPID <ok,rPID >. nil
k

nil  k cPID (input,R).[ inp ut =ok] R<request >. nil
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Observing Behavior of Resouice Managerin —Calculus

client asksmanager for handleto resource :reacton mPID

0 1
rPID, mPID, cPID)

1
resource(rPID)
k
[ access=access ] cPID <ok,rPID >. nil
k

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

Matchingaccess=access ,reactoncPID

0 1
rPID, mPID, cPID)

resource(rPID)

Lo :

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

[EEN

thﬁm m‘ AutomaticVeri cation of ErlangPrograms ErlangWS'06 11



Observing Behavior of Resouice Managerin —Calculus

Invoking theresource processwe get

0 1
rPID, mPID, cPID)

rPID (Req). res <action >. nil

k
nil
k

nil  k [ok=0k] TrPID <request >.nil
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Observing Behavior of Resouice Manager in

—Calculus

Invoking theresource processwe get

0 1
rPID, mPID, cPID)

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

nil  k [ok=0k] TrPID <request >.nil

client cansendactualrequesto resource

1
rPID, mPID, CP!LD)
Tes <action >.nil

S

nil  knil
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The Translation Mapping

Goal: de ne
TrPI : Erlang! —Calculus

suchthatthe“essentiabehaiour” of programss represented
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The Translation Mapping

Goal: de ne
TrPI : Erlang! —Calculus

suchthatthe “essentiabehaiour” of programss representedimportant

issues:
o Datastructures
@ Procesgreation
@ Asynchronougommunicatiorvia mailboxes
o Polyadic(i.e.,tuple)communication
@ Deterministicmatching(case /receive )
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Translation of Programsand Function De nitions

Translationof programs:

TrPlprog : Program!  Sys

TrPlprog(Fdef, - : Fdet,)

Main = (  self,... ) TrPlexp(self ;fo)
TrPlundef(Fdet) : :: TrPlungef(Fdef,)
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Translation of Programsand Function De nitions

Translationof programs:
TrPlprog : Program!  Sys

TrPlprog(Fdef, - : Fdet,)
Main = (  self,... ) TrPlexp(self ;fo)
TrPlundef(Fdet) : :: TrPlungef(Fdef,)

Translationof functionde nitions:

TrPlsynger : Fdef! Pdef

TrPlunde(f (X1, 11, Xn)-> E)
= f(self | Xq, i, Xp)= TrPleg(self ;E)

self : pid of evaluatingprocesg=self() )

ngénﬁ an'l AutomaticVeri cation of ErlangPrograms ErlangWS'06 14



Translation of Expressiond

TrPlep - Name Expression!  Proc

o yieldsaprocessvhich evaluateghe givenexpression...
@ ... andreturnsthevaluealongtheres channel

o abstractgrom (most)datastructuregnumberslists,...)
o atomsandpidsarefaithfully represented
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Translation of Expressiondl|
Simple expressions

Usingtheauxiliary function

TrPlag - Argumentt  Name

with
TrPlag(n) = unknown
TrPlag(@) == a
TrPlag(X) = X
TrPlag(self() ) = self

simpleexpressionsanbetranslatedasfollows:

TrPlep(self ;A)
TrPlep(sell fAg, i1, AnQ)

res <TrPl arg(A)>.1il

li
:
v
A
=
0
Q
a
~
>
2
=
A
QD
a
S
s
Y
=3
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Translation of Expressiondll

Sequencingexpressions

TrPlep(sell ;X =Ey, BEp)
= ( res O (TrPlggp(self ;Eg) kres A X). TrPlep(self ; Ep))

TrPlep(self ; Eq, Ep)
= ( res O (TrPlgp(self ;Ej) kres { dummy). TrPlegp(self ;Ep))
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Translation of Expressiondl|

Sequencingexpressions

TrPlep(sell ;X =Ey, BEp)
= ( res O (TrPlggp(self ;Eg) kres A X). TrPlep(self ; Ep))

TrPlep(self ; Eq, Ep)
= ( res O (TrPlgp(self ;Ej) kres { dummy). TrPlegp(self ;Ep))
Example:

TrPlep(self ;X = a, fX,bg)
= ( res Y (res Xa>.nil  kres {X). res<X;b>.nil )

an'l AutomaticVeri cation of ErlangPrograms ErlangWS'06 17



Translation of ExpressiongV

Function calls and processreation

TrPlop(sell (A, 10, An))
= f(self |, TrPlag(A1), i, TrPlarg(An))

TrPlep(sell ;X = spawn( f, [Aq, i1, A), E)
= f self 9C res 9 1
f(self O TrPlag(A1), i1, TrPlag(An)) Kk
res { dummy. nil Kk
res <self %.nil k
res (X). TrPlep(self ;E)
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Translation of Expressionsv

Messagepassing(polyadic)
TrPlep(self A1l Ap)
= TrPlarg(Ad) <TrPlarg(A2)>.nil Kk TES <TrPlag(Az)>.Nil
TrPlep(self ANfAq, 1::, AnQ)
= TrPlarg(A)<TrPlag(Ar); < TrPlag(An)>. nil - k

o Implicit representationf Erlangmailboxusingconcurrentoutput
particles”
@ Abstractdrom arrival orderof messages
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Translation of Expressionsv

Messagepassing(polyadic)
TrPlep(self A1l Ap)
= TrPlarg(Ad) <TrPlarg(A2)>.nil Kk TES <TrPlag(Az)>.Nil
TrPlep(self ANfAq, 1::, AnQ)
= TrPlarg(A)<TrPlag(Ar); < TrPlag(An)>. nil - k

o Implicit representationf Erlangmailboxusingconcurrentoutput
particles”

@ Abstractdrom arrival orderof messages

Example:
Pla,Plb
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Translation of Expressionsv

Messagepassing(polyadic)
TrPlep(self A1l Ap)
= TrPlarg(Ad) <TrPlarg(A2)>.nil Kk TES <TrPlag(Az)>.Nil
TrPlep(self ANfAq, 1::, AnQ)
= TrPlarg(A)<TrPlag(Ar); < TrPlag(An)>. nil - k

o Implicit representationf Erlangmailboxusingconcurrentoutput
particles”

@ Abstractdrom arrival orderof messages
Example:
Pla,P!b

#
Mailboxe : ... [a[b]
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Translation of Expressionsv

Messagepassing(polyadic)
TrPlep(self A1l Ap)
= TrPlarg(Ad) <TrPlarg(A2)>.nil Kk TES <TrPlag(Az)>.Nil
TrPlep(self ANfAq, 1::, AnQ)
= TrPlarg(A)<TrPlag(Ar); < TrPlag(An)>. nil - k

o Implicit representationf Erlangmailboxusingconcurrentoutput
particles”

@ Abstractdrom arrival orderof messages

Example: ( red
TrPlexp _ S ,
Pla,Plb ! P<a>.nil  kres %a>.nil k
res  dummy. (P<b>.nil  k res<b>. nil )

#
Mailboxe : ... [a[b]
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Translation of Expressionsv
Messagepassing(polyadic)
TrPlep(self A1l Ap)

TrPlep(self ANfAq, 1::, AnQ)
= TrPlag(A)<TrPlag(Aq); 1o TrPlag(An)>. nil -k

o Implicit representationf Erlangmailboxusingconcurrentoutput
particles”

@ Abstractdrom arrival orderof messages

Example: ( red
TPl e . — .
Pla,Plb ! P<a>.nil  kres %a>.nil k
res  dummy. (P<b>.nil  k res<b>. nil )
# #
Mailboxe : | ... a|b]| P<a>nil  kP<b>nil  kTtes<b>.nil
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Translation of ExpressionsvI
Branching expressions

Previoussimpletranslation:nondeterministi@ndmonadic

receive
ok -> a; . self (in ).[ in =ok]res<a>. nil +
freq Pg -> b; 1®self (in ).[ in =unknown] Tes<b>.nil +
X->c self (X).res <c>.ni|

end
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Translation of ExpressionsvI
Branching expressions

Previoussimpletranslation:nondeterministi@ndmonadic

receive
ok -> a; . self (in ).[ in =ok]res<a>. nil +
freq Pg -> b; 1®self (in ).[ in =unknown] Tes<b>.nil +
X->c self (X).res <c>.ni|

end

Improvedtranslation:deterministicandpolyadic
self (in ).[ in =ok]res<a>. nil +
self (in,P ).[ in =req]res<b>.nil +
self (X).[X <>o0k] res <c>.nil

(case : analogous)
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Conclusion

Done:
@ Developeda —calculusnodelwhichre ects“essential’behaiour of an
Erlangprogram
o Improvementof previousapproach:

s respectorderof overlappingpatterngdeterministidoranching)
& supportguplecommunication
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Conclusion

Done:

@ Developeda —calculusnodelwhichre ects“essential’behaiour of an
Erlangprogram
o Improvementof previousapproach:

s respectorderof overlappingpatterngdeterministidoranching)
& supportguplecommunication

Todo:
o Largercasestudies
@ Representatioof list datastructures
@ Respecbrderof messages
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Conclusion

Questionsplease?
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