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The problem

(νab)(νcd)

(
a?(x).d !x
c?(y).b!y

)
a : ?int d : !int
b : !int c : ?int

• two distinct sessions
• each session is well typed
• the system makes no progress
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From lock freedom to progress

• Bettini et al., Global Progress in Dynamically Interleaved
Multiparty Sessions, CONCUR 2008
• Coppo et al., Inference of Global Progress Properties
for. . . , BEAT and COORDINATION 2013
• for multiparty sessions
• asynchronous communication
• session types for linear channels

• Kobayashi, A Type System for Lock-Free Processes, Inf.
and Comp., 2002
• for the (almost) pure π-calculus
• synchronous communication
• usages for non-linear channels
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Is it a good idea?
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G,u : S ` u : S (NAME) G ` true, false : bool
G ` ei : bool (i = 1, 2)

G ` e1 and e2 : bool
(BOOL),(AND)

G ` u : G G ` P.D,y : G � p p= mp(G)
(MCAST)

G ` u [p](y).P.D

G ` u : G G ` P.D,y : G � p p< mp(G)
(MACC)

G ` u[p](y).P.D

G ` e : S G ` P.D,c : T
(SEND)

G ` c!hP,ei.P.D,c : !hP,Si.T

G,x : S ` P.D,c : T
(RCV)

G ` c?(q,x).P.D,c :?(q,S).T

G ` P.D,c : T
(DELEG)

G ` c!hhp,c0ii.P.D,c : !h{p},Ti.T,c0 : T

G ` P.D,c : T,y : T
(SRCV)

G ` c?((q,y)).P.D,c :?(q,T).T

G ` P.D,c : Tj j 2 I
(SEL)

G ` c�hP, l ji.P.D,c : �hP,{li : Ti}i2Ii

G ` Pi .D,c : Ti 8i 2 I
(BRANCH)

G ` c&(p,{li : Pi}i2I).D,c : &(p,{li : Ti}i2I)

G ` P.D G ` Q.D0

(PAR)
G ` P | Q.D,D0

G ` e : bool G ` P.D G ` Q.D
(IF)

G ` if e then P else Q.D

D end only
(INACT)

G ` 0.D

G,a : G ` P.D
(NRES)

G ` (na : G)P.D

G ` e : S D end only
(VAR)

G,X : S T ` Xhe,ci.D,c : T

G,X : S t,x : S ` P. y : T G,X : S µt.T ` Q.D
(DEF)

G ` def X(x,y) = P in Q.D

Table 6. Typing rules for expressions and pure processes.

Table 6 presents the typing rules for expressions and pure processes.
Rule (NAME) is standard: recall that u stands for x and a and S includes G.
Rule (MCAST) permits to type a request on a service identified by u, if the type of y is the

p-th projection of the global type G of u and the maximum participant in G (denoted by mp(G))
is p. Rule (MACC) permits to type the p-th participant identified by u, which uses the channel y,
if the type of y is the p-th projection of the global type G of u and p< mp(G).

In the typing of the example of the three-buyer protocol the types of the channels y in Seller and
z in Carol are respectively the third projection of Ga and the first projection of Gb. By applying
rule (MCAST) we can then derive a : Ga ` Seller. /0. Similarly by applying rule (MACC) we can
derive b : Gb ` Carol. /0. (The processes Seller and Carol are defined in Figure 1.)

The successive six rules associate the input/output processes to the input/output types in the
expected way. For example we can derive:

` t �h{2,3},oki.t!h3,"Address"i; t?(3,date).0.{t : T}

where T = �h{2,3},{ok :!h3,stringi.?(3,date).end, quit : end}i. Note that, according to our
notational convention on environments, in rule (DELEG) the channel which is sent cannot appear
in the session environment of the premise, i.e., c0 62 dom(D)[{c}.

Rule (PAR) permits to put in parallel two processes only if their session environments have
disjoint domains.

+

M. Coppo, M. Dezani-Ciancaglini, N. Yoshida, L. Padovani 22

Q;R;N ;B ` P I D a 2 R
{INITR}

Q;R;N ;B ` ã[p](y).P I D{a/y}+

Q;R;N ;B ` P I D a 2 N
{INITN}

Q;R;N ;B ` ã[p](y).P I D \\y

Q;R;N ;B ` P I D a 2 B fc(P)✓ {y}
{INITB }

Q;R;N ;B ` ã[p](y).P I D \\y

Q;R;N ;B ` P I D fc(P)✓ {y}
{INITV}

Q;R;N ;B ` x̃[p](y).P I D \\y

Q;R;N ;B ` P I D e 2 S ) e 2 N [B
{SEND}

Q;R;N ;B ` c!hP,ei.P I D

Q;R;N ;B ` P I D
{RCV}

Q;R;N ;B ` c?(q,x).P I (pre(c, fc(P))[D)+

Q;R;N ;B ` P I D
{DELEG}

Q;R;N ;B ` c!hhp,c0ii.P I ({f(c)�f(c0)}[D)+

Q;R;N ;B ` P I D D \S ✓ {f(c)� y}
{SRCV}

Q;R;N ;B ` c?((q,y)).P I D \{y}

{INACT}
Q;R;N ;B ` 0 I /0

Q;R;N ;B ` P I D a 2 B
{NRES}

Q;R;N ;B \{a} ` (na : G)P I D \{a}

Q;R;N ;B ` P1 I D1 Q;R;N ;B ` P2 I D2
{PAR}

Q;R;N ;B ` P1 | P2 I (D1 [D2)
+

Q;R;N ;B ` P1 I D1 Q;R;N ;B ` P2 I D2
{IF}

Q;R;N ;B ` if e then P1 else P2 I (D1 [D2)
+

Q;R;N ;B ` P I D
{SEL}

Q;R;N ;B ` c�hP, li.P I D

Q;R;N ;B ` Pi I Di 8i 2 I
{BRANCH}

Q;R;N ;B ` c&(p,{li : Pi}i2I) I (pre(c,
[

i2I
fc(Pi))[

[

i2I
Di)

+

e 2 S ) e 2 N [B
{VAR}

Q,X [y] I D ;R;N ;B ` Xhe,ci I D{f(c)/y}

Q,X [y] I D ;R;N ;B ` P I D Q,X [y] I D ;R;N ;B ` Q I D 0

{DEF}
Q;R;N ;B ` def X(x,y) = P in Q I D 0

Table 7. Interaction typing rules I.

- R,N ,B are sets of service names and
- Q is a set of assumptions of the shape X[y] ID (for recursive definitions) with the variable

y representing the channel parameter of X . We require that y is the only channel which may
occurr in D . This agrees with rule (VAR), which allows only y to get a type different from
end.

The sets D ,R,N ,B have the following meanings:

- D (csd) is an irreflexive pre-order between channel, session and service names;
- R (relative service set) contains the service names which may occur in D ;
- N (nested service set) is a set of services that satisfy the nested condition in all their occur-

rences;
- B (boundable service set) is a set of services that satisfy the boundable service condition in

all their occurrences.

Note that the typing rules are applied following the structure of the analysed process. The
sets R, N , and B are not synthesised by the rules. The interaction type system simply checks
that services are used correctly depending on the set in which they occur. For this reason, these
sets are not changed by the rules of the interaction type system, except obviously for the case of

• one constraint on type rules for inputs ∗
• three constraints on session types
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Table 7. Interaction typing rules I.

- R,N ,B are sets of service names and
- Q is a set of assumptions of the shape X[y] ID (for recursive definitions) with the variable

y representing the channel parameter of X . We require that y is the only channel which may
occurr in D . This agrees with rule (VAR), which allows only y to get a type different from
end.

The sets D ,R,N ,B have the following meanings:

- D (csd) is an irreflexive pre-order between channel, session and service names;
- R (relative service set) contains the service names which may occur in D ;
- N (nested service set) is a set of services that satisfy the nested condition in all their occur-

rences;
- B (boundable service set) is a set of services that satisfy the boundable service condition in

all their occurrences.

Note that the typing rules are applied following the structure of the analysed process. The
sets R, N , and B are not synthesised by the rules. The interaction type system simply checks
that services are used correctly depending on the set in which they occur. For this reason, these
sets are not changed by the rules of the interaction type system, except obviously for the case of

• one constraint on type rules for inputs ∗
• three constraints on session types
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+
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Q;R;N ;B ` Pi I Di 8i 2 I
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Q;R;N ;B ` c&(p,{li : Pi}i2I) I (pre(c,
[

i2I
fc(Pi))[

[

i2I
Di)

+

e 2 S ) e 2 N [B
{VAR}

Q,X [y] I D ;R;N ;B ` Xhe,ci I D{f(c)/y}

Q,X [y] I D ;R;N ;B ` P I D Q,X [y] I D ;R;N ;B ` Q I D 0

{DEF}
Q;R;N ;B ` def X(x,y) = P in Q I D 0

Table 7. Interaction typing rules I.

- R,N ,B are sets of service names and
- Q is a set of assumptions of the shape X[y] ID (for recursive definitions) with the variable

y representing the channel parameter of X . We require that y is the only channel which may
occurr in D . This agrees with rule (VAR), which allows only y to get a type different from
end.

The sets D ,R,N ,B have the following meanings:

- D (csd) is an irreflexive pre-order between channel, session and service names;
- R (relative service set) contains the service names which may occur in D ;
- N (nested service set) is a set of services that satisfy the nested condition in all their occur-

rences;
- B (boundable service set) is a set of services that satisfy the boundable service condition in

all their occurrences.

Note that the typing rules are applied following the structure of the analysed process. The
sets R, N , and B are not synthesised by the rules. The interaction type system simply checks
that services are used correctly depending on the set in which they occur. For this reason, these
sets are not changed by the rules of the interaction type system, except obviously for the case of

• one constraint on type rules for inputs ∗
• three constraints on session types

∗
∗
∗
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The language

P ::= Process
0 (idle process)

| u?(x).P (input)
| u!e.P (output)
| P | P (composition)
| (νab)P (session)
| def X (~u) = P in P (definition)
| X 〈~u〉 (invocation)

+ unbounded FIFO queues (asynchronous communication)
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Strategy

(νab)(νcd)

(
a?(x).d !x

c?(y).b!y

)
a : ?int d : !int
b : !int c : ?int

1 Associate actions (in types) with timestamps ta, tb, . . .
2 Determine constraints between timestamps ta < td , . . .
3 See whether the constraints admit a solution
(⇒ well founded order for actions in the process)
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Session types with timestamps

T ::= end
|

〈δ1, δ2〉

?T .S
|

〈δ1, δ2〉

!T .S
| rec α.T
| α

• δ1 = obligation = “time limit for the action to begin”
• δ2 = capability = “time limit for the action to end”

From Lock Freedom to Progress Using Session Types PLACES 2013 8 / 18



Session types with timestamps

T ::= end
| 〈δ1, δ2〉?T .S
| 〈δ1, δ2〉!T .S
| rec α.T
| α

• δ1 = obligation = “time limit for the action to begin”
• δ2 = capability = “time limit for the action to end”

From Lock Freedom to Progress Using Session Types PLACES 2013 8 / 18



Constraint C1 : input prefixes

Γ, u : T , x : S ` P

δ2 < ob(Γ(v)) v∈dom(Γ)

Γ, u : 〈δ1, δ2〉?S .T ` u?(x).P

blocking action ends before blocked actions begin
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Constraint C2 : duality

Γ, a : T , b : T ` P

Γ ` (νab)P
〈δ1, δ2〉!t.S 〈δ3, δ4〉?t.S

〈δ1, δ2〉!t.S = 〈δ2, δ1〉?t.S

From Lock Freedom to Progress Using Session Types PLACES 2013 10 / 18



Constraint C2 : duality

Γ, a : T , b : T ` P

Γ ` (νab)P
〈δ1, δ2〉!t.S 〈δ3, δ4〉?t.S

〈δ1, δ2〉!t.S = 〈δ2, δ1〉?t.S

no later than

no later than

From Lock Freedom to Progress Using Session Types PLACES 2013 10 / 18



Constraint C2 : duality

Γ, a : T , b : T ` P

Γ ` (νab)P
〈δ1, δ2〉!t.S 〈δ3, δ4〉?t.S

〈δ1, δ2〉!t.S = 〈δ2, δ1〉?t.S

δ1 ≤ δ4

δ3 ≤ δ2

From Lock Freedom to Progress Using Session Types PLACES 2013 10 / 18



Constraint C2 : duality

Γ, a : T , b : T ` P

Γ ` (νab)P
〈δ1, δ2〉!t.S 〈δ3, δ4〉?t.S

〈δ1, δ2〉!t.S = 〈δ2, δ1〉?t.S

δ1 = δ4

δ3 = δ2

From Lock Freedom to Progress Using Session Types PLACES 2013 10 / 18



Constraint C2 : duality

Γ, a : T , b : T ` P

Γ ` (νab)P
〈δ1, δ2〉!t.S 〈δ3, δ4〉?t.S

〈δ1, δ2〉!t.S = 〈δ2, δ1〉?t.S

δ1 = δ4

δ3 = δ2

From Lock Freedom to Progress Using Session Types PLACES 2013 10 / 18



Example #1

(νab)(νcd)

(
a?(x).d !x

c?(y).b!y

)
a : 〈δ1, δ2〉?int d : 〈δ3, δ4〉!int
b : 〈δ2, δ1〉!int c : 〈δ4, δ3〉?int
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Constraint C3 : messages

(νab)a!b

〈δ1, δ2〉!S can’t use a message
before it is delivered
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Constraint C3 : messages

(νab)a!b
b

〈δ1, δ2〉!S can’t use a message
before it is delivered

!S .end S = ?S .end

δ2 < ob(S)
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Constraint C4 : asynchrony

(νab)a!3.a!b

〈δ2, δ1〉!int.〈δ4, δ3〉!S
capabilities of consecutive outputs

must be ordered
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Constraint C4 : asynchrony

(νab)a!3.a!b
3
b
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Constraint C4 : asynchrony

(νab)a!3.a!b
3
b

〈δ2, δ1〉!int.〈δ4, δ3〉!S

capabilities of consecutive outputs
must be ordered

!int.!S .end S = ?int.?S .end

δ3 < δ1 by C3
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Constraint C4 : asynchrony

(νab)a!3.a!b
3
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Example #2

〈
︷ ︸︸ ︷
δ1, δ2〉?t.T vs 〈δ〉?t.T

def F (x) = x!3 in
(νab)(F 〈b〉 | (νcd)(F 〈d〉 | c?(x).a?(y)))

a, c : 〈δ〉?int
b, d : 〈δ〉!int

}
δ < δ

a, c : 〈δ1, δ2〉?int
b, d : 〈δ2, δ1〉!int

}
δ2 < δ1
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Wrap up

• type system for ensuring progress
• simpler than [2]: C1 on inputs + C2–4 on types
• finer than [2]: timestamping actions vs sessions
• simpler than [1]: duality vs reliability (and subtyping)


 C4 is new: asynchrony matters

[1] Kobayashi, A Type System for Lock-Free Processes, Inf.
and Comp., 2002

[2] Bettini et al., Global Progress in Dynamically Interleaved
Multiparty Sessions, CONCUR 2008
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Problem #1: simple processes are ill typed

(νab)(νcd)(X 〈a, d〉 | Y 〈b, c〉)

X (a, d) = a!3.d?(x).X 〈a, d〉 a : T , d : S

Y (b, c) = b?(x).c!x .Y 〈b, c〉 b : T , c : S

T = 〈δ1, δ2〉?int.T
S = 〈δ3, δ4〉?int.S


 more flexible type discipline is (likely) needed
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Problem #2: π processes 6= real programs

Γ, u : T , x : S ` P δ2 < ob(Γ(v)) v∈dom(Γ)

Γ, u : 〈δ1, δ2〉?S .T ` u?(x).P


 richer/more compositional types are needed
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What if this occurs inside a function?
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What’s next?

• attack problems #1 and #2 (BETTY WG1&3)

• multiparty sessions and shared channels (exercise)

• inference tool (Haskell implementation, coming soon)
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