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Choice

Definition (Selection AV B)

| will either behave like A or like B
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Choice

Definition (Selection AV B)
| will either behave like A or like B

ﬂ
F /&}){
Definition (Branching A+ B)

You can make me do A or B
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The Synchronous Polyadic 7-calculus

Syt OU’]’TM+

I n(xy). (a(tf) | (t.y = f.X))
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Choice Examples (1)

@ Data Encodings

bi=True % 1p(t)E
b:=False % 1p(tF).F
1
o—b(tf)mels;
e
If bThen PElse @ % b(vtf).(t.P+£.Q)
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Choice Examples (1)

@ Client-Server Conversations

prod(vs).s(more, done).more(vs, 2).

s(more, done).more(vs,5).

s(more, done).done(vs).s(x).print(x)

/5( more, done)
=0

F\more(s. )=+

I prod(s).po(l,s) | !po(t,s).s(vmore,done).
(more(s, n).po(t x n,s) + done(s).5(r))
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Liveness Properties

Definition (Activeness pa)

| am soon ready to receive (send) at p
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Liveness Properties

Definition (Activeness pa)

| am soon ready to receive (send) at p

printpy = prod(vs).s(more, done).more(vs, 2).
s(more, done).more(vs, 5).
s(more, done).done(vs).s(x).print(x) |
prod(s).po(l,s) | !po(t,s).s(vmore,done).
(more(s, n).po(t X n, s) + done(s).5(r))
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Liveness Properties

Definition (Responsiveness pR)

If | get (send) a message from (to) you at p, I'll obey p's protocol
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Liveness Properties

Definition (Responsiveness pR)

If | get (send) a message from (to) you at p, I'll obey p's protocol

prodg = prod(vs).s(more, done).more(vs, 2).
s(more, done).moré(vs, 5).

s(more, done).0
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... I'll obey p's “protocol”?

Definition (Channel Type a.k.a Protocol)

(parameters ; input ; output)

o Bool & ((::)G:) : TaV2a ; 1a+2a)
o lrand(xy).(vq) (dlq-x|q.y) | rand(tf)|(t.P+f.Q)
o !'n(xy).(vtf) (a(tf) | (t.y + f.X))
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Channel Types

... I'll obey p's “protocol”?

Definition (Channel Type a.k.a Protocol)

(parameters ; input ; output)

o Bool & (G)G:) 3 1av2a ; 1a+2a)

o !rand(xy).(vq) (Glq.x|q.¥) | rand(tf)|(t.P+f.Q)
o !'n(xy).(vtf) (a(tf) | (t.y +f.X))
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Channel Types

. I'll obey p’s “protocol”?

Definition (Channel Type a.k.a Protocol)

(parameters ; input ; output)

e Bool ¢ (( )G:) 5 1av2a ; 1a+2a)
o trand(xy).(vq) (glg.x|q.y) | rand(tf)|(t.P+f.Q)
o !'n(xy).(vtf) (a(tf) | (t.y +f.X))
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Channel Types

... I'll obey p's “protocol”?

Definition (Channel Type a.k.a Protocol)

(parameters ; input ; output)

o Bool & (G)G:) 3 1av2a ; 1a+2a)

o !rand(xy).(vq) (glq.x|q.¥) | rand(tf)|(t.P+f.Q)
o !'n(xy).(vtf) (a(tf) | (t.y +f.X))
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Behavioural Statements

Say something about processes’ behaviour:

Definition (Behavioural Statements A, =, ...

A = AVA | A+A | ANA | A<D | pa | pr

Maxime Gamboni Responsive Choice in Mobile Processes



Choice Liveness Behavioural Statements Type System

Causality

Definition (Dependency A< B)

If you give me B, I'll give you A.

nr< (aa A ar) = !'n(xy).a(vtf).(t.y +f.X)

ngd(ap A aR)

ana N BE)
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(nraaar ; 'n(xy).a(vtf).(t.y+f %))

n(t'f")

((£a Vv fa)aaar ;- |a(wtf).(tF+F.T))

‘/E(Utf)

(B VvV fa)a(taV fa) ; - |(t.f'+F.F))
(BaVR)aTa ;- [(LF+FE)) (FaVT)afa ;- |(8F41.F))

t Jf

(BVR) - 1)y, (@Y7 @),



Choice Liveness

Semantics, Example

(an AR

((Ta V fa)< aar

Maxime Gamboni

Behavioural Statements

n(xy).a(vtf).(t.y+f X))
n(t'f’)

- a(ptf) (tF+F.T))
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Semantics, Example

(nraaar ; 'n(xy).a(vtf).(t.y+f %))
n(t'f’)
((EaV fa)aaar - |3(wtf).(LF+FT))
ls(utf)
(Vv R)a(Eav ) ;- [(LF+FE))
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Choice Liveness

Semantics, Example

(an AR

((Fa V fa)< aar

((Efq v ?;\)4 (ta VvV fA

((ta v fa)ata
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Behavioural Statements Type System

xy).a(vtf).(t.y+f.x))

lﬂ(t )
‘/a(utf)

|a(vtf).(t.F+F.T))

(t.f'+f.¥))

5
| (tF+F.E))

(FaVR)<fa | (e F+£.T))
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Choice Liveness

Semantics, Example

(an AR
((ta V fa)< aar

((Efq v ?;\)4 (ta VvV fA

(FAVF)aTa
t

(BVER) 17y
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xy).a(vtf).(t.y+f.x))

lﬂ(t )
‘/a(utf)

|a(vtf).(t.F+F.T))

(t.f'+f.¥))

S
| (tF )

(FaVR)<fa | (e F+£.T))
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Choice Liveness

Semantics, Example

(an AR
((ta V fa)< aar

((Efq Y ?;\)4 (ta VvV fA

(FAVF)aTa
t

(BVER) 17y
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xy).a(vtf).(t.y+f.x))

lﬂ(t )
‘/a(utf)

|a(vtf).(t.F+F.T))

(t.f'+f.¥))

S
| (tF )

(FaVR)<fa | (e F+£.T))

Jf

(@y7) @),
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Type System

Our type system:

@ Takes: A process P, and channel types ¥

P: In(xy).(vtf) (a(tf) | (t.y +f.X))

Y : {a:Bool,n: Bool}
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Type System

Our type system:

@ Takes: A process P, and channel types ¥

P: In(xy).(vtf) (a(tf) | (t.y +f.X))

Y : {a:Bool,n: Bool}

@ Produces: A correct logical formula = describing P

= NR< aar
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Type System

Our type system:

@ Takes: A process P, and channel types ¥

P: In(xy).(vtf) (a(tf) | (t.y +f.X))

Y : {a:Bool,n: Bool}

@ Produces: A correct logical formula = describing P

= NR< aar

o is Decidable
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Typing — Composition

(EA V FA)<1 aanr F 5<tf>

'€77
4 rY (¢ B
-ve,;{; d oy
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Typing — Composition

(EA V FA)<1 aanr F 5<tf>

4
4 Y a
-ve,;{; (%
((tA /\)_/A<1EA)+(fA/\)_<A<I FA)) H (t.}_/—{—f.)_()
tore2m
p —-—
PN
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Typing — Composition

(EA V ?A)<l aanr F 5<tf>

4
4 re a
. 3p, (e
((tA A ya< EA) + (fA N Xp< FA)) H (t.}_/—{— f)_()
trre2m
2 Es,
(EA V f/_\)<] aar N\ ((tA A ya< EA) + (fA N Xp < fA)) H
a(tf) | (t.y + f.x)
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Typing — V-Distributivity

“V distributes with everything else” I

(EA V FA)<1 aar \ ((tA A ya< Z’A) + (f/_\ N Xp< ?A)) =

(E‘A<1 apr N\ ((tA A ya< Z’A) + (f/_\ A Xp< ?A))) V
(fA<] apr N\ ((tA A yad fA) + (fA N Xp< fA)))

—

At 4
&-‘[\-ﬁ?%d a

) b by @

?\f).?_,
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Typing — Reduction (1)

Branching Reduction

(Pa A (pa+¢)) — (PaApa)
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Typing — Reduction (1)

Branching Reduction

(Pa A (pa+¢)) — (PaApa)

(fa<anr A ((ta A 7a< ) + (A AZKTTR)))  V
(fa<anr A ((taA7a<ta) + (fa A Xa<fa))) —

(EA Nta A ()_/A4 EA))<1 apnr Vv (?A ATfa A ()_<A<1 ?A))<l aAR

b“"/)’ . @
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Typing — Reduction (II)

Dependency Reduction

(aaB)A(Bay) = (a<g  7)A(B<7)
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Typing — Reduction (II)

Dependency Reduction

(aaB)A(Bay) = (a<g  7)A(B<7)

((tA AN EA)<1 aar N\ ()_/A<l Z’A)) V ((fA A ?A)<1 aar \ ()_<A<] ?A)) <
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Typing — Reduction (II)

Dependency Reduction

(aaB)A(Bay) = (a<g  7)A(B<7)

((tA AN tA)<1 aaR /\ yA<1 A ) V ((fA A ?A)<1 3AR VAN ()_<A<] ?A)) <
((t/_\ VAN tA VAN yA N aAR) V ((f/_\ A Xa N\ fA)<l aAR) =

izt
o jd@

e
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Typing — Reduction (II)

Dependency Reduction

(aaB)A(Bay) = (a<g  7)A(B<7)

((tA AN tA)<1 aaR /\ yA<1 A ) V ((fA A ?A)<1 3AR VAN ()_<A<] ?A)) <
((t/_\ VAN tA VAN yA N aAR) V ((f/_\ A Xa N\ fA)<l aAR) =

izt
o jd@

P

((tA A ta /\}_/A) vV (fA N fA /\XA)) Q4 apr F a(tf) | (l‘.)_/—l- f.)_<)
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Typing — Responsiveness

nR4 ... F P =1n(xy).(vtf) (@(tf) | (t.7 + F.X))
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Typing — Responsiveness

nR< ... b P =1n(xy).(utf) (3(tf) | (t.7+ F.X))

Responsiveness

(vy) (n: 0o ® nr< cPh.nt@- ) F n(y)

(vxy) ("R (Xa V¥a) A (Xa V ya)<aar) F P
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Typing — Responsiveness

nR4 ... F P =1n(xy).(vtf) (@(tf) | (t.7 + F.X))

Responsiveness

(vy) (n: 0o ® nr< cPh.nt@- ) F n(y)

(vxy) (nR<1()_(A\/}_/A) A (Xa V ya)< aAR) L p
2
ﬂﬂq '—.{\?’% < o"AE

— nr<aar  F  n(xy).(vtf) (3(tf) | (t.y + f.X))

ﬂaq' ' g O.Ae
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Summary
Type Language ‘ Process Behaviour
Selection & Branching AV B, p+ g | Choice
Activeness & Responsiveness PA, Pr | Liveness
Dependencies ~v<e | Causality

Type System:
Decidable
Constructs Logical Formulae

(]

(*]
@ Sound
(*]

Compositional

Maxime Gamboni Responsive Choice in Mobile Processes



Choice Liveness Behavioural Statements Type System

Thank you!

In the paper
@ Encoding and verification of the “and” Boolean operator.
@ Safety properties: Multiplicities.
@ Description of the Typed Labelled Transition System.
@ Detailed survey of related works.
° ...
More info:

@ http://maxime.gamboni.org/
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Safety Properties

Definition (Multiplicity)

p™: I'll use p at most m times.
o p% Never
o p': Once
o p“: Once, replicated
e p*: Many times
P AP A PE Apo” = Vp(s).po(1,s) | !po(t,s).5(vmore, done).

(more(s, n).po(t x n,s) + done(s).5(r))
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Behavioural Statement Syntax

@ Behavioural statements
A = AVA ‘ ANA } AdA ‘ ¥ ‘ pm ‘ i ‘ T
@ Resources v ::= sp ‘ PR

@ Sumss = s+s ‘ p
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Type System Rules (1)

(o, T4T)FO

(R-N1L)

Vil P e
LT T (R-Pag) L) =0
Mol F PP (vx)T + (vx:0)P

(R-REs)

Vi (sub( ) = {p,} (X =L «=g) F G;. P)
ZE 2 A\, ZEi
(EE has concurrent environment p,-/) =e=_1

(A Zi (i pi)ae AV =L < Zg) F 32, 6Py

(R-Sum)
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Type System Rules (1)

[P sub(G)=p obj(G)=%
(#(G)zlandm’:*)igzj_
(Vbn(G)) ( (,D 10; 4 pm /\ﬁm’
(.p#(c)

1 Pa
(; preo[X] <)
7[X]< par
< Pa

(R-PRE)

<e 4

OO0 0 ©
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