B
. - Fabien Dagnat , Engineer and Phd in CS

Who

» Associate Professor at ENST de Bretagne,
Brest, France

* Researches In:
* Models, Languages, Semantics, Verifications

 To support Mobllity, Reconfigurability,
Coordination / Composition

 In Object, Concurrent and Component OL



What

T |

Static Analysis of
Communications for Erlang

work made at IRIT In Toulouse
mainly with Marc Pantel
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. Why

. » Concurrent Programming is hard but essential

* We need Concurrent Oriented Languages
—God gave us Erlang
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B Why

. » Concurrent Programming is hard but essential

» We need Concurrent Oriented Languages
—God gave us Erlang

» Programming cannot remains a craft (an art?)

» We need to verify (automatically) programs
—God gave us Typing

Let’s build static analyzes for (a Typed) Erlang
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How
. » Why typing concurrency?

« TOOL analogy

« Extensions needed (effects, received messages
and subtyping)

* The real system
* Futures
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e Typing ?

%acm) when N>0 -> N*fac(N-1);
ac(0) -> 1.

> fac(foo).
> fac(18,"hello").

—Works from Wadler et al.
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e Typing ?

.ac(N) when N>0 -> N*fac(N-1);

fac(0) -> 1.
> fac(foo).
> fac(18,"hello").

—Works from Wadler et al.

Processes (and messages) are central

BUT
not typed

ping() -> receive ping -> ping() end.
> (spawn(ping,[]))!pong

—-pong IS a message not understood
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e Method Not Understood

. » Usual Typed OOL method not understood

» class C. typeof(C) set of methods C defines
or inherits

class C extends C' {.. mi1(..){}
. m2(. 1}

typeof(C) = {ml m2} U typeof(C’)
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» class C. typeof(C) set of methods C defines
or inherits

class C extends C' {.. mi1(..){}
. m2(. 1}

typeof(C) = {ml m2} U typeof(C’)
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B Method Not Understood

. » Usual Typed OOL method not understood

» class C. typeof(C) set of methods C defines
or inherits

class C extends C' {.. mi1(..){}
. m2(. 1}

typeof(C) = {ml m2} U typeof(C’)
» object o=new C() : typeof(o)=typeof(C)

* 0.m Is correct Iff metypeof(0)

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee




Typed OOL Analogy

Qe could make some analogy:

Java Erlang
Object Process
new spawn

|
Class Function
Inheritance Function Call
Method definition | receive statement
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e Typed OOL Analogy

!Ne could make some analogy:

Java Erlang
Object Process
new spawn

|
Class Function
Inheritance Function Call
Method definition | receive statement

BUT what Is the function type?
domain — codomain 1S Not enough
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e Adding Effects

;et us collect all receive blocks (flow analysis)

statel(V) ->
receive
{add,V1} -> statel(V1+V);
{change,V1} -> state2(V,V1)
end.
state2(V1,V2) ->
receive
{add,vV3,v4} -> state2(V1+V3,V2+V4)
end.

{add :num, change :num, add :num xnum}
statel : num >

{add :numxnum}

> |

state?2 : num X num




e Process Types

.tateZ(\_/l,VZ) ->

receive
{add,V3,v4} -> state2(V1+V3,V2+V4);
{mute,F} -> F()

end.

What is the effect of F() ?
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e Process Types

.tateZ(Vl,VZ) ->

receive

{add,V3,v4} -> state2(V1+V3,V2+V4);
{mute,F} -> F()

end.

What is the effect of F() ?

Keep all messages received by a process.
— Process Type:

P execute areceive {m, }
_ A"

P:@{...,m: (received,  understood ),...}
P{m, }




Subtyping

. correction iff received C understood
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Subtyping

correction iff received C understood

T |

Process Type:
@{ml : (05217 0412)}[1 % @{mZ : (ﬁi?ﬁ%)}b
|
]lelandeEIQ ﬁi E&i&égﬂ%
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Subtyping

. correction iff received C understood

Process Type:
Q{m; : (aj,ab)}r, E Q{m; : (61, 55)} 1,
Iff
LChLandViel, 31 C o}l C 3

Function Type:

Qv —>51 L ay — < —
Iff
as L agand ) & Gy and I; T Iy

Erlang User Conference, November 2002 — p.10/14




An Example

tate3() -> receive kill -> true end.
P=(spawn(statel,[1])){mute,state3}.

HI
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e An Example

tate3() -> receive kill -> true end.
- > P=(spawn(statel,[1])){mute,state3}.

P:Tp=@{... mute : (state3 ,type(F) ),...}
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e An Example

tate3() -> receive kill -> true end.
- > P=(spawn(statel,[1])){mute,state3}.

P:Tp=a@{... mute : (state3 ,type(F) ),...}
state3 L type(F)

kil '
unit t (L’umt)h true C unit L
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e An Example

.tate3() -> receive kill -> true end.

> P=(spawn(statel,[1])){mute,state3}.
P:Tp=a@{... mute : (state3 ,type(F) ),...}

state3 L type(F)

kil (L, uni
unit tll A ’umt)}> true C unit L
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e An Example

'tate3() -> receive kill -> true end.

> P=(spawn(statel,[1])){mute,state3}.
P:Tp=@{... mute : (state3 ,type(F) ),...}

state3 L type(F)

kil (L, uni
unit tll A ’umt)}> true C unit L

T, CQl C kil :(L,unit)}andtrue LCt¢

— PIKkill IS correct and P!sub(1) is not
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e Scaling to Erlang

. » Complete type language (Lot of rules!)

 Better precision (conditional constraints)

» Dynamic patterns (name polymorphism)
» Constraints:

Program —| Anayser |- types+ contraints -» Solver » safety error(s)

types + solved contraints

Y

Printer » << readable >> types

« A pragmatic simple prototype written in CaML
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Limitations & Results
. » “Global” analysis: need (a large part of) the

application
» Lots of calculus: “slow” analysis
« Difficult to give the precise source of an error

» (Simplified) Types are sometimes hard to read
(tree structure)

@{m1 : (@{m2 : (@{mg : ( : )}, . )}, .. ) .. }




. Limitations & Results

| “Global” analysis: need (a large part of) the
application

» Lots of calculus: “slow” analysis
« Difficult to give the precise source of an error

» (Simplified) Types are sometimes hard to read
(tree structure)

Q{my : (Q{mo: (Q{mgz: (..}, ..)H...)...}
» A first core for a formal semantics
» A precise type inference system proved

+ A toy implementation




B Futures
. » Write a formal semantics of (a larger part of)

Erlang

* Produce a less toy prototype (Modules,
Records, Exceptions)

+ Integration with specweb? Add messages to the
dictionary? Have two type checker?

- Take a look at Hot code swapping
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Questions?
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e Insight on Semantics

. » Abstract the functional part: configuration[X]

» m-calculus like term:
* va.({a | mb) > exp || a < mess)

* reception leads to: va.({a | mess mb) > exp)

» functional calculus leads to:
va.(va'.({(a | mb") > exp’ | w)) if

a' F (a | mess mb), exp —, (a | mb'), exp’

« X = Erlang:
] / V1<V
e send: a' F a,v! v9 —=, a, vy
¢ spawn :

a b a,spawn( f,[vi, ... v]) et




e Another Example

!imer({Pid, Time, Alarm}) ->

receive {cancel,Pid} -> true
after Time -> Pid ! Alarm
end.
timeout({Time, Alarm}) ->
spawn(timer, {self(),Time,Alarm}).
cancel(Timer) ->
Timer ! {cancel,self()}.

: ~ {cancel:(1,Qa)}
timer : Qo X num X « > true U

AN

timeout : num X o — @Q{cancel : (L, @a)}

cancel : @{cancel: (Q¢, T)} ?, cancel x Qo




Types and Effects

.

f(pl,...,p},&) — €15 ... f(p]f,...,pfi) — €.

type (f)=LU;(type (p})x---xtype (p,)—type (£, e;))
effect (f)=U,effect (&, ¢;)

type (€, f(e1,-.. en)) =t
if type (f)=type (£,e1) x --- xtype (&, e,) =1
effect (&, f(e1,...,e,)) =effect (f)uUuUeffect (&, ¢;)
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