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@ High quality demands for telecommunication software
(availability, robustness, correctness, ...)

@ Testing not sufficient to guarantee properties
@ Solution: formal verification

Use of formal methods to prove that (a model of) a system
has certain properties specified in a suitable logic.

R\NTH Modeling Erlang in the w—Calculus Erlang WS *05 2



@ High quality demands for telecommunication software
(availability, robustness, correctness, ...)

@ Testing not sufficient to guarantee properties
@ Solution: formal verification

Use of formal methods to prove that (a model of) a system
has certain properties specified in a suitable logic.

Here:
@ Concentrate on first step: model construction
@ Put emphasis on mobility
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Mobility in Erlang |

A simplistic resour ce manager

-nmodul e(resngr).
-export([start/0]).

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

client(Mr).

resource() -> manager (Rsr) ->
recei ve recei ve
Req -> C->
action C! Rsr
end. end.

client(Mr) ->
Myr!sel f(),
receive
R ->
Rl r equest
end.
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Mobility in Erlang 11

Behaviour of resource manager

(Rsr:resource())« 777777777 {Ngr: rranager(Rsr))
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Mobility in Erlang 11

Behaviour of resource manager

CRsr:resource()>< 777777777 {Ngr: rranager(Rsr))

Myr! Cl t

@t:client(NQr))
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Mobility in Erlang 11

Behaviour of resource manager

CRsr:resource()>< 777777777 {Ngr: rranager(Rsr))

Rsr!request

@t cllent(NgrD
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The (Asynchronous) m—Calculus

Sys ::= Pdef; . . . Pdef,

Pdef ::=i( X1, ..., X)) =Proc
Proc ::=ni |
Xo( X1, ..., Xn). Proc
%<Xl, ceey Xn>. nl |

Proc, || Proc;
Proc; + Procy
(v X) Prac

[ X1=%o] Proc

[ Xxg<>x2] Proc
I<X1, ..., Xp>

Modeling Erlang in the w—Calculus

% system
% process definition

% inactive process

% input

% asynchronous output

% parallel composition

% non—deterministic choice
% new name

% match

% mismatch

% process instantiation
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Communication in the m—Calculus

Reaction rule:

%<yl1 o yn>- nl | H XO( X11 ety xn)- P
PXy — yi1,..., Xn +— Yn

@ actually synchronous
@ however, special form of output is “non—blocking”
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The Resource Manager in m—Calculus

resource(Rsr) = Rsr(Req).action<>. nil
manager (Rsr, Mgr) = Mgr(C). C<Rsr>. nil
client(Myr,dt) = Mygr<Ct>nil |At(R.R<request>. nil
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The Resource Manager in m—Calculus

resource(Rsr) = Rsr(Req).action<>. nil
manager (Rsr, Mgr) = Mgr(C). C<Rsr>. nil
client(Mgr,dt) = Myr<dt>nil ||At(R).Rrequest>. nil

Operational behaviour:
(vRsr)(vMr) (vdt)

resour ce<Rsr> ||
manager <Rsr, Myr > ||

client<mgr,d t>
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The Resource Manager in m—Calculus

resource(Rsr) = Rsr(Req).action<>. nil
manager (Rsr, Mgr) = Mgr(C). C<Rsr>. ni |
client(Mgr,dt) = Mrr<dt>nil ||At(R).Rrequest>. nil

Operational behaviour:

(vRsr)(vMr) (vdt) (vRsr)(vMr)(vdt)
resour ce<Rsr> || resour ce<Rsr > ||
manager <Rsr, Myr> ||| = [T t<Rsr>.nil |
client<mMgr,d t> nil || dt(R). R<request>. nil

R\NTH Modeling Erlang in the w—Calculus Erlang WS *05 7



The Resource Manager in m—Calculus

resource(Rsr) = Rsr(Req).action<>. nil
manager (Rsr, Mgr) = Mgr(C). C<Rsr>. nil
client(Mgr,dt) = Myr<dt>nil ||At(R.Rrequest>. nil

Operational behaviour:

(vRsr)(vMr) (vdt) (vRsr)(vMr) (vdt)
resour ce<Rsr> || , resour ce<Rsr> ||
nil | | dt<Rsr>.nil |
ni | || Rsr<request>.nil nil ||dt(R).R<request>. nil
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The Resource Manager in m—Calculus

resource(Rsr) = Rsr(Req).action<>. nil
manager (Rsr, Mgr) = Mr(C). C<Rsr>. ni |
client(Myr,dt) = Mygr<Ct>nil |dt(R.R<request>. nil

Operational behaviour:

(vRsr)(vMr) (vdt) (vRsr)(vMr) (vdient)
resour ce<Rsr> || - [action<>.nil |
nil | I
ni | || Rsr<request>.nil nil | nil
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The Translation Mapping

Goal: define
trans|-] : Core Erlang — 7—Calculus

such that the “essential behaviour” of programs is represented
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The Translation Mapping

Goal: define
trans|-] : Core Erlang — 7—Calculus

such that the “essential behaviour” of programs is represented
Important issues:
@ Data structures

@ Process creation
@ Asynchronous communication via mailboxes
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Translation of Modules and Function Definitions

transy [-] : Module — Sys

transy[modul eal ...] attributes[ ...] fdi...fdy]
:= transg[fdy] . .. transe [fdy]

transg[-] : Fdef — Pdef
transg[f = fun(wvy, ..., vy) ->¢€]
= f(vi, ..., vn, sel f, res)=transg[€]

Parameters:
sel f: pid of evaluating process (=sel f())
r es: return channel for result
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Translation of Expressions |

transg[-] : Expr — Proc

@ yields a process which evaluates the given expression...
@ ... and returns the value along r es

@ abstracts from (most) data structures (numbers, lists, ...)
@ atoms and pids are faithfully represented
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Translation of Expressions |1

Simple expressions

transg[v] := res<v>.nil
transgf[a] := res<a>. nil
transg[f] := res<unknown>.ni |
transg[z] := res<unknown>.ni |
transg[c] := Tes<unknown>.ni |
transg[s] := res<unknown>.ni |
transg[[]1] := res<unknown>.ni |
transg[[ e| &] ] := res<unknown>. ni |
transg[{e1, ..., en}] := res<unknown>.nil
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Translation of Expressions 111

Sequencing expressions

transgfl et v=ei ne]

= (vres’) (transg[er] || res’(v). transg[es])
transg[do e &]

= (vres') (transg[er] | res’(dummy). transg[ez])
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Translation of Expressions 111

Sequencing expressions

transefl et v=e1in e]

= (vres’) (transg[er] || res’(v). transg[er])
transg[do e; &

= (vres’) (transg[er] || res’(dummy). transg[ey])

Example:

transgfl et X = a in {X b}]

= (vres')(res’<a>. nil ||res’(X). res<unknown>. nil )
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Translation of Expressions IV
Function calls

transg[appl y f(ern, ..., €n)]
;= f<transp[e], ..., transp[ey], sel f, res>

transg[pri mop a(ey, ..., e) ]
:= res<unknown>. ni |
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Translation of Expressions V
Process creation

transg[cal | "erlang’ :’ spawn’ (f, [e}, ...,e])]
= (vself’)(vres’))
f<transp[ey], ..., transp[ey], sel f/, res’> |
res’(dumy). nil ||
res<sel f’>. nil

transg[cal | "erlang’ :’self’ ()]
:= res<self> nil
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Translation of Expressions VI

M essage passing

transg[cal | "erlang :’'!’ (e}, &)]
= transp[er]<transp[ex]>. ni | || res<transp[ex]>. ni |

o Implicit representation of Erlang mailbox using concurrent “output

particles”
@ Abstracts from arrival order of messages
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Translation of Expressions VI

M essage passing

transg[cal | "erlang :’'!’ (e}, &)]
= transp[er]<transp[ex]>. ni | || res<transp[ex]>. ni |

o Implicit representation of Erlang mailbox using concurrent “output
particles”

@ Abstracts from arrival order of messages

Example:

Pla, Pl b
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Translation of Expressions VI

M essage passing

transg[cal | "erlang :’'!’ (e}, &)]
= transp[er]<transp[ex]>. ni | || res<transp[ex]>. ni |

o Implicit representation of Erlang mailbox using concurrent “output
particles”

@ Abstracts from arrival order of messages
Example:
Pla, P'b

E:

Mailboxp : | ... [a|b]
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Translation of Expressions VI

M essage passing

transg[cal | "erlang :’'!’ (e}, &)]
= transp[er]<transp[ex]>. ni | || res<transp[ex]>. ni |

o Implicit representation of Erlang mailbox using concurrent “output
particles”

@ Abstracts from arrival order of messages

Example:
transe -] (]LreS/) —
Pla, Pl b — (P<a>.nil ||res’<a>. nil |
<res/(durmry). (P<b>.nil ||Tes<b>.nil )>
E:

Mailboxp : | ... [a|b]
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Translation of Expressions VI

M essage passing

transg[cal | "erlang :’'!’ (e}, &)]
= transp[er]<transp[ex]>. ni | || res<transp[ex]>. ni |

o Implicit representation of Erlang mailbox using concurrent “output
particles”

@ Abstracts from arrival order of messages

Example:
. (vres)
Pl a, Pl b "=l Peas. nil | Tes’<a>. nil ||
res’(dummy). (P<b>.nil ||res<b>.nil)
1x
Mailboxp : | ... [a|b] P<a>. ni| | P<b>.nil | res<b>. nil
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Translation of Expressions VI

Branching expressions

transg[case eof c;...cpf
= (vres’) (transgfe] || (transc[ca](res’) + ...+
transc[cn](res’)))
transg[receivec;...cpafter e -> @]

= (vres’)
transe[&] |
res’(dumy).
[ dunmy=i nfinity] (transc[ci](sel f)+ ...+
transcca](sel f)) +

[ dunmmy<>i nfinity] (transcfci](sel f)+...+
transcfcn](sel f) +
transg[ez])

@ Abstracts from order of clauses (overlapping patterns)
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Another Example: a Locker System

start() ->
Locker = spawn(l ocker, []),
spawn(client, [Locker]),
spawn(client, [Locker]).

| ocker() -> client(Locker) ->
receive Locker! {req, self()},
{req, dient} -> receive
Client!ok, ok ->
receive %critical section
{rel, dient} -> Locker! {rel, self()},
| ocker () client (Locker)

end end.

end.
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The Locker Transition System

start
spn
L
Jspn
LIIC
ﬁn rem
LICC L' G
A \eql /wn Ok\
L2]C1] C rel, rel; L1/|| Ci| C L|IC
reqd, \tkz req, \ / spn
L2 C | C rebk N\ L||C|C: L¥?|C ||{ reI\L ICi | Ca
\)J(z req/ N > N)Akl req/
Lc| G L2 T G

R\NTH Modeling Erlang in the w—Calculus Erlang WS *05 18



The Locker Transition System

@ Mutual exclusion start
(never Cy || C) v/ lspn
L
Jspn
LIIC
AA)n rem
LIICC L' G
A \eql /wn Ok\
L2]C1] C rel, rel; L1/|| Ci| C L|IC
reqd, \tkz req, \ / spn
L2 C || C reh \ L[ C|C L2 C ||{ reI\LH C | C
\)J(z req/ N > N)Akl req/
Lc| G L2 T G
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The Locker Transition System

@ Mutual exclusion start
(never Cy || C) v/ lspn
@ No deadlocks (always —) v/ L
Jspn
LIIC
AA)n rem
LIICC L' G
A \eql /wn Ok\
L2]C1] C rel, rel; L1/|| Ci| C L|IC
reqd, \tkz req, \ / spn
L2 C | Ca rehb \ L[ Ci|C: L?| C ||{ reI\LH C | G
\)J(z req/ N > N)Akl req/
LG C L[| Ci | C

R\NTH Modeling Erlang in the w—Calculus Erlang WS *05 18



The Locker Transition System

@ Mutual exclusion start
(never Cy || C) v/ \spn
@ No deadlocks (always —) v/ L
@ No starvation lspn
LIIC
AA)n rem\
LICC L' || C
A \eql /wn Ok\
L2]C1] C rel, rel; L1/|| Ci|C LIIC
reqd, \tkz req, \ / spn
L2 G| C reh \L||C|C; L*?| C ||{ reI\L | Ci | Ca
\)J(z req/ N > N)Akl req/
LG C L[| Ci | C
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The Locker Transition System

@ Mutual exclusion start
(never Cy || C) v/

o No deadlocks (always —) v/

@ No starvation

A

L2|C | C rel, rely

reqd, ok req,

LAcCC reh \ L[ Ci[|C L2 Ci| C
7 N

\)JQ req / \gkl req/

Lclc 2T C
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The Locker Transition System

@ Mutual exclusion start
(never Cy || C) v/ \spn
@ No deadlocks (always —) v/ L
@ No starvation lspn
LIIC
AA)n rem\
LICC L' || C
A \eql /wn Ok\
L2 || Cy || C2 rel, rel; L1/|| Ci|C LIIC
reqd, \tkz req, \ /pn
L2 C || C reb \ L[ C|C L7 C { reI\L | T || C2
\)J(z req/ N > N)Akl req/
LG C L Co |l C
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The Locker Transition System

o Mutual exclusion start

(never C; || C2) v/ E%
@ No deadlocks (always —) v/ L
@ No starvation v/ lspn
LIIC
AA)n rem\
LICC L' || C
A \[eql /wn Ok\
L] C1] C rel, rel; L1/|| Ci|C LIIC
req, \)Akz reg, \ / spn
L2 ¢l G relb \ L || G [| G L2 ¢ ||{ reI\LH Clc
\)J(z req/ N > N)Akl req/
L[| Cu | G L2 T C
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Conclusion

Done: developed a m—calculus model which reflects “essential” behaviour of
an Erlang program
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Todo:
o Larger case studies
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o Larger case studies
@ More detailed representation of data structures
(e.g., P! {request,sel f()})
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Conclusion

Done: developed a m—calculus model which reflects “essential” behaviour of
an Erlang program

Todo:
o Larger case studies
@ More detailed representation of data structures
(e.g., P! {request,sel f()})
@ Respect order of messages

@ Respect order of (overlapping) patterns
example: receive a -> b; X -> ¢
currently: sel f (dunmy). [ dumrmy=a] res<b>.ni | +
sel f (X). res<c>. nil

R\NTH Modeling Erlang in the w—Calculus Erlang WS *05 19



Conclusion

Done: developed a m—calculus model which reflects “essential” behaviour of
an Erlang program

Todo:
o Larger case studies
@ More detailed representation of data structures
(e.g., P! {request,sel f()})
@ Respect order of messages
@ Respect order of (overlapping) patterns
example: receive a -> b; X -> ¢
currently: sel f (dunmy). [ dumrmy=a] res<b>.ni | +
sel f (X). res<c>. nil

better: sel f (dumy). ([ dummy=a] res<b>. nil +
[ dumry<>a]res<c>.nil)
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Translation of Clauses

transc[-] : Clause x X — Proc

transc[vwhen ’true’ ->¢€](X)
= X(V). transg[€]

transc[pwhen ’true’ ->e¢](x)
:= X(dunmy). [ dummy=transp[p]] transe[€]

transc[vi when call "erlang’ :’ =:=" (v, V2) ->€](X)
= X(v1). [vi=vy] transg €]
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Translation of Patterns

transp[-] : Pat — Proc

transpv] = Vv
transpfa] = a
transp[z] := unknown
transp[c] := unknown
transp[s] := unknown
transp[[]1] := unknown
transp[[ p1| p2] ] := unknown
transp[{p1, ..., pn}] := unknown
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