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Global Types

ensure global properties of networks

o F = = DA
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Global Types

ensure global properties of networks

Structure of typing

global type
1 projection

local types
4 subtyping

refined local types

J type assignement

processes
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Asynchronous communications

in traditional global types
@ communications are atomic operations

@ outputs and inputs are specified together
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Asynchronous communications

in traditional global types
@ communications are atomic operations

@ outputs and inputs are specified together

@ asynchronous communications are handled by subtyping

@ asynchrnous subtyping allows to anticipate outputs/postpone inputs

Issue
@ asynchronous subtyping is undecidable

o the gap between global types and processes is too large!
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Our approach

reduce the gap between global types and processes

@ split outputs and inputs in global types
@ use simple subtyping

@ well-formedness conditions on global types to ensure good properties
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Outline

° Asynchronous multiparty sessions
© Asynchronous Global Types

© Progress and well-formedness

o = = = Do
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Processes

P =, p{N\i; Pitier | P?{\i; Pi}ier | O

processes are regular terms
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Processes

P =, pH{A\i; Pitier | P?{Ni; Pitier | O
processes are regular terms
o p!{)\;; Pi}ie; = internal choice/output

o p?{\;; P;}ic; = external choice/input

@ 0 = inactive process
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Processes

P =, pH{A\i; Pitier | P?{Ni; Pitier | O
processes are regular terms
o p!{)\;; Pi}ie; = internal choice/output

o p?{\;; P;}ic; = external choice/input

@ 0 = inactive process

P=qlA1;q?7; P Q =plA;p?Ai; Q
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Networks and Queues

Network

where p; # pj if i # j

N:=pi[Pi]Il -l pal Pnl

o F = = DA
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Networks and Queues

Network

N :=pi[P] |- I Pa[ Pl
where p; # pj if i # j

Queue

M =01 (p,\q) M

where (p, A, q) is a message from p to q with label A
we consider queues modulo an equivalence =

M1’<P,>\1,q>'<r,)\2,5>'M25M1'<r,)\2,5>‘<P,>\1,q>'M2 ifp#rorq#sl
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Networks and Queues

Network

N :=pi[P] |- I Pa[ Pl
where p; # pj if i # j

Queue

M =01 (p,\q) M

where (p, A, q) is a message from p to q with label A
we consider queues modulo an equivalence =

Ml . <P,)\17q> : <r,)\275> ! M2 = Ml : <|’, )‘2)S> : <P,>\1,q> : M2

ifp#Arorq#s

Session
network + queue N || M
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LTS for asynchronous sessions
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LTS for asynchronous sessions

[N
pLa!{i Pitier ]I N | M 22225 p[ o] | N || M - (p, An,q)  where h e |
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LTS for asynchronous sessions

[P
pLa!{i Pitier ]I N | M 22225 p[ o] | N || M - (p, An,q)  where h e |

alp?{N; Qles T I N [ (s An ) - M 2E25 g Q4T || N || M where h e J
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LTS for asynchronous sessions

[P
pLa!{i Pitier ]I N | M 22225 p[ o] | N || M - (p, An,q)  where h e |

alp?{N; Qles T I N [ (s An ) - M 2E25 g Q4T || N || M where h e J

Example
P=q!\1;q? ;P Q =plX2;p?A1; Q

plPI Il al@I®
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LTS for asynchronous sessions

plal{\i; Pitier T | N | M 2225 o[ P, | N [| M- (p, An,q) where h € |

22
alp?{N Qbies T II N || (py Anya) - M 2225 gL Q] || N | M where h e J

Example
P=qlAl;q?X2; P Q= plh2; p?A1; Q

pLPT I al Q1 Il 0 2225 p[q?A0; PT || al pto: p?A1; @ || (py As, )
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LTS for asynchronous sessions

'\
plal{Ai; Piticr T N[ M 22225 o[ P ] I N || M - (p, An,q) where he |

alp?{N: Qtjes T I N || (p Anyq) - M 2X2% gL Qu] || N || M where h e J

Example
P=q!A\1;0?X2; P Q =p!'\;p?\1; Q

p[PT 1 al @1 || 0 2225 p[q?Aa; PT || al pMA2: p?A1; @1 || (py A, q)
P pla?ha; P11 alp?As QT Il (b, Aasa) - (@, A, p)
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LTS for asynchronous sessions
pLat{\i Pdicr 1IN || M 2925 p[ P | N || M- (p, An,) where he I
alp?{: QLies 1IN || (P, Amra) - M 225 qLQa] | N || M where h e J

Example
P=q!\1;q?X2; P Q = p'h2; p?A1; Q

pLPT Il al @1 11 0 222 p[q?A: P || alp!A2; p?As; QT | (ps A, q)
P22, bLa?A0; PT || alp?Ae: QT Il (P, Axsa) - (@, Ao, p)
P STPT I alp?As: QT Il {as Az p)
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LTS for asynchronous sessions

plat N Piicr TN | M 222 oI PR [N || M - (p, An,q) where he |

?An
alp?{N;: Qties 1 Nl {p, An,q) - M 2, a[ @n] || N || M where h e J

Example

P =qlAl;q72; P Q =plAy; p?A1; Q

p[PT 1 al @1 Il 0 2225 p[q?r0; PT || al pMA2: p?A1; @1 || (py A, q)

DV}

2222 pla?x2; P alp?As; QT Il (p, Ar,a) - (4, A2, )
7o

222 I PT |l alp?A; QT |l (g, A2, p)

Pq?A1

——p[P] 1l al@] 0
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Asynchronous Global Types

G =, pal{\i;Gi}ies | Pa?A; G | End

processes are regular terms

o = S z 9ac
F. Dagnino et al Asynchronous Global Types



Asynchronous Global Types

G =, pal{\i;Gi}ies | Pa?A; G | End
processes are regular terms
o pg!{\;; Gi}ier = output choice (p sends to q a label A;)

@ pq?\; G = input (q receives from p label \)

@ End = termination
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Asynchronous Global Types

G =, pal{\i;Gi}ies | Pa?A; G | End
processes are regular terms
o pg!{\;; Gi}ier = output choice (p sends to q a label A;)

@ pq?\; G = input (q receives from p label \)

@ End = termination

Example
G=pqlA;qph;qp?Ao;pa?Ai; G J
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Projection

Judgement: G[p— P

o F = = DA
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Projection

Judgement: G[p— P

[ExT]

p & players(G)
Glp—20
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Projection

Judgement: G[p+— P

[EXT] =———=—= p ¢ players(G)
Gip—0
Glg— P Gls— P
[IN-Rev] K [IN-EXT] r s 7 O e
(Pa?A;G) g — p7A; P (Pq?A\;G) [s— P S € players(G)
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Projection

Judgement: G[p— P

[EXT] =———=—= p ¢ players(G)
Gip—0
Glg— P Gls— P
[IN-Rev] K [IN-EXT] r s 7 O e
(Pa?A;G) g — p7A; P (Pq?A\;G) [s— P S € players(G)

G,‘[p’—)P,' Viel

[OUuT-SND]

(pa{Ai; Gitier) Ip = a{Ni; Pitier

F. Dagnino et al Asynchronous Global Types

MRG

10 / 24



Projection

Judgement: G[p+— P

Cu=1[ln | p{Ni:Citier | PHN;Citier | P

G;[qHC[p?A,‘;P,'J]jeJ Viel
[OuT-Rev] q € players(pql{Ai; Gi}ier)
(pa{Ni; Gitier) g = Clp?{\i; Pijtietljes
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Projection

Judgement: G[p— P

Cu=1[ln | p{Ni:Citier | PHN;Citier | P

G;[qHC[p?A,‘;P,'J]jeJ Viel
[OuT-Rev] q € players(pql{Ai; Gi}ier)
(Pal{\i; Gi}ier) [a = CIp?{\i; Pij}ierljes
G/fSHC[r?/\;;R;J]jEJ Viel s {p.q}

(Pa{\i;iGitier) I's = CrH{N; RijYierljes °€ players(G;) Vi € /

[OuT-EXT]
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Projection is a function

Glp+ Py and Glp+— P imply Py = P,

proved under the assumption that G is bounded

F. Dagnino et al Asynchronous Global Types MRG 12 /24



An example

G=pq{r1;G1, A Go}
Gi = qp!{A3;pq?A;;qp?A3; End,

Aa;pa?Ai; qp?As; G}

o = S z 9ac
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An example

G=pa{r1;G1, A2 G2}
Gi = qp!{A3;pq?A;;qp?A3; End,
Aa; pa?Ai;qp?hg; G}

Glp=P P=ql{\;P1, P} C=]]
Plzq?{A3;0, )\4;P}
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An example

G=pqg{A;G1, X2 Ga}
Gi = qp!{A3;pq?A;;qp?A3; End,
Aa;pa?Ai;qp?hs; G}

Glp=P P=ql{\;P1, P} C=]]
Plzq?{A3;0, )\4;P}

Glag=Q Q=pH{A3;Q3, A\; Q} C=p{Ns3;[]1, Aa;[]2}

Q= P?{Al; 0,)\2;0}
@ =p?{A1; Q, A\ Q}
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From global types to networks

Type assignement N : G
N=pi[P] .. [l Pal Pn]

o = S z 9ac
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From global types to networks

Type assignement N : G
N=pi[P]] .. [Pl Pnl

o players(G) C {p1,...,pn}

e forallic1.n, P; < GJp,

o F = £ DA
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From global types to networks

Type assignement N : G

N=pi[P]] .. [Pl Pnl
o players(G) C {p1,...,pn}
e foralli€l.n, Pi<Glp;

where subtyping < is the simple one:
it allows more inputs and less outputs
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Progress property

A session N || M has the progress property iff it has
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Progress property

A session N || M has the progress property iff it has

@ no deadlocks
all non-terminated derivatives of N || M are live

@ no locked inputs
all inputs will eventually be satisfied

@ no orphan messages
all messages in the queue will eventually be read

formalised using parallel reduction
Ay ’
N|M=N|M

A is a maximal set of possible coherent actions

F. Dagnino et al Asynchronous Global Types MRG 15 /24



Well-formedness

assigning a global type to a network does not ensure progress

there are global types specifying “wrong” protocols:
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Well-formedness
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Well-formedness

assigning a global type to a network does not ensure progress

there are global types specifying “wrong” protocols:
o G=pqlA;pq?Ay; G deadlocked!
o G=pq{A1;;pa?A1;qr\3;qr?As; G, Ao;pq?A; G ris locked!
o G=pqlA;;qph;qp?As; G A1 is orphan!

We need well-formedness conditions on global types

well-formednes depends on the message queue M:
pq?X; End well-formed if M = (p, \,q) but ill formed if M =0
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Well-formedness

a type configuration G || M is well-formed if
o G is projectable for all participants

@ G is bounded
(all players occur at bounded depth in all paths of G)

o G || M is input/output matching
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Typing

N:G

G || M is well formed
MEN:G

o F = = DA
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Typing

N:G

G || M is well formed
MEN:G

Properties
@ Subject Reduction

@ Session Fidelity

@ Progress

o = S z 9ac
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Input/Output Matching

Fiom G || M
[END} _ [IN
Fiom End || 0 Fiom PA?A; G || <pa)‘aq> - M

Fiom Gi || M- (p, \i,q) Vi€l
Fiom Pal{i; Gi}ier | M

[OuT]
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Input/Output Matching

Fiom G || M
[END] f— [IN} l_read (G,M)
Fiom End H 0 Fiom PQ?A; G || (P,)\,CI> - M
|_iom Gi || M : <p,/\i,q> Vi S /
[OUT] l_read (Gi7M . <pa )‘I7Q>) viel

Fiom Pal{Ai; Gi}ies || M

Fread (G, M) checks that G reads all messages in M
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Input/Output Matching

Fiom G || M
[END] _ [IN} l_read (G,M)
Fiom End || 0 Fiom PA?A; G || (p, A, q) - M
IomG ||M < l7q> viel
[OUT] Fread (Gin . <P7 A,,q)) Viel

Fiom PA{i; Gi}ties | M
Fread (G, M) checks that G reads all messages in M

Fread (Gi, M) (Vi€ l)
I_read (pq|{>\n Gi}iElaM)
read (G M)
l_read (P q7)\, G, <P, >\7 q> : M)

read (G M)
'_read ( q?)‘vaM)

[EMPTY-R] [OuT-R]

I_read (Ga 0)

[IN-R1]

[IN-R2] M# (p,A,q) - M
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A well-formed type

q?a q?b L plb
S)<——S5 —> 51 ) Sg—S1
\j
=~ O
qlx qlx U
l qlx T qlx p?x

3> %

P =q?{a;q!x;9'x;q!x; P, b; P1} Q =pYa;p?x; Q, b; @1}
P =qlx; P Q1 =p?x; Q1
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A well-formed type

q?a q?b PZ p!b
S)<——S5 —> 51 ) Sg—S1
\_/
O
qlx qlx U
l qlx T qlx p?x

3> %

P=q?{aq!x;q!x;q!x; P, b; P1} Q =pYa;p?x; Q, b; @1}
P =qlx; P Q1 =p?x; Q1

G=qpH{a;qp?apalx;palx;palx;pa?x; G, biqp?b; Gi}
G1 =palx;pq?x; Gy
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A well-formed type

q?a q?b PZ p!b
S)<——S5 —> 51 ) Sg—S1
\_/
O
qlx qlx U
l qlx T qlx p?x

SB35
P=q?{aq!x;q!x;q!x; P, b; P1} Q =pYa;p?x; Q, b; @1}

P1=qlx; Py Q1 =p?x

G=qpH{a;qp?apalx;palx;palx;pa?x; G, biqp?b; Gi}
G1 =palx;pq?x; Gy

G || 0 is well-formed
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A sound algorithm

Fiom G || M is coinductively defined: it may be undecidable
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A sound algorithm

Fiom G || M is coinductively defined: it may be undecidable

a sound algorithm based on cycle detection

Judgement: H L G| M where H keeps track of type configurations
encountered during the proof

Key rule

I_rea G7M l_a r G)M/, I_ rea G?'MI/
d (GM)  Fag ( I) dd,( ) = M
Hi, (G M), Ha Figm G | M

iom

[CYCLE]

@ in a cycle the queue grows
@ Fagr (G, M) = M” does not interferes with G
@ Fdread (G, M") = M" is consumed in all paths of G
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Conclusion and future work

Contributions
@ a new formalism of global types splitting outputs and inputs
@ a decidable type-checking for asynchronous sessions
@ an algorithm ensuring well-formedness of global types
@ prototype implementation in co-logic programming (available on GitHub)
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Conclusion and future work

Contributions

@ a new formalism of global types splitting outputs and inputs
a decidable type-checking for asynchronous sessions
an algorithm ensuring well-formedness of global types

prototype implementation in co-logic programming (available on GitHub)

Further work
o formal comparison with traditional global types + asynchronous subtyping
@ proof/counterexamples of completeness of the algorithm for well-formedness
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Questions?

Thank you!
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