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Overview

-

asynchronous communication subtyping for structured
multi-party interactions

o flexibility / (type-safe) optimisation

language is buffered T-cal culus with typed m-party sessions

main points:

# session typing guarantees conformance to specification
(e.g. type safety, session fidelity);

o top-down refinement of specification, preserving
conformance;

» Dbottom-up synthesis with inference of global scenario;
» sound & complete subtyping algorithm (terminating)

» principal type inference for the synthesis of bottom-up
specifications J
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Two Buyersm Seller Bromple,

Global Type
Bl = § : 8 {5tring ),
S —Bl:bi<{Int).

S — B2:b2<Int).
Bl — B2: b2 (Int),
B2—S:S{ok: B2-S: S(S-rrrhj>,
S—B2:b2¢Date). end,
quTt: end j
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ReIrTnement‘ — commynication optimisation
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RelLTnemewt‘ — commynication optimisation
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Grlobal Inference — Boftom UP Im‘erence
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Global Inference — Bottom Up Interence
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Grlobal Inference — Boftom UP In{erence
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Types

Global G = p—op:k{U);C values ut.G
| p—p:k{lj: Gj}jes  branching t
| G,G parallel end
Value U == bool | nat| - | G

Local types for each participant from Global type using G [ p

Local

T == kIU),T send k&{li: Ti}ici branching
| K?(U); T receive ut.T |t recursion
| KD A1+ T }iel selection end end

(no delegation of local type T) J
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Partial Per mutations

o N

® top-level actions can be permuted using rules of <

® for example:

Ty = K'?2(U")kI(U), T T, = k' (U");k?(U); T/

T, = kI(U); k"?2U");T{ T, = KU k?U); T/

o |
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Partial Per mutations

o N

® top-level actions can be permuted using rules of <

® for example:

/ N\

Ty = K'?2(U")kI(U), T T, = k' (U");k?(U); T/

N\ /

T, = kI(U); k"?2U");T{ T, = KU k?U); T/

o |

meparty session Types < unfold" <c¢ @ Graph types  Double buffering| |References —p. 11




Partial Per mutations

o N

® top-level actions can be permuted using rules of <

® for example:

/ N\

Ty = K'?2(U")kI(U), T T, = k' (U");k?(U); T/

N\ /
/ \

T, = kI(U); k"?2U");T{ T, = KU k?U); T/

N\ /
. |
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Partial Per mutations

o N

® top-level actions can be permuted using rules of <
# for example: T/ <Ty

/ N\

T = K2 K UYT,  To=KIU)k?U); T

N\ /
/ \

T/ = kI (U);K2(U"); T/ T, = K1 (U');k?(U); T/

N\ /
. |
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Partial Per mutations

o N

® top-level actions can be permuted using rules of <
# for example: T/ <Ty

/ N\

T = K2 K UYT,  To=KIU)k?U); T

/
/ \

T/ = kI (U);K2(U"); T/ T, = K1 (U');k?(U); T/

\ /
L (Oh)  kIU):K2UT < K?2U');KHU)T J
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Partial Per mutations

o N

® top-level actions can be permuted using rules of <
® for example: T/ <Ty T, & T

/ N\

T = K2 K UYT,  To=KIU)k?U); T

/
/ N\

T, = K?2(U"); kH(U); T/ T, = k?(U); k' (U"); T/

AN /
L NoO progress J
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n-times nested unfolding
-

#® action required for << may be inside recursion
® type can be unrolled internally until it appears in the top-level
® for example, twice-unfold of guarded type:

unfold?(k? (U ); pt k1 (U"):t) =k2(U); KUY KUY pt kT (U7
unfold®(T) =T foral T unfold™™(T) = unfold!(unfold™(T))
unfold?(k! (U); T) = k! (U); unfold*(T) unfold* (k@ {li: Titicl) =k {li : unfold}(Ti) Yig
unfold?(k?(U); T) = k?(U); unfold!(T) unfold (k& {I;: Ti}ier) = k&{l; : unfold(T;) Y
unfold?(ut.T) = T [ut. T /t] unfold?(t) =t unfold(end) = end

|
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Coinductive Subtyping
- -

#® Simulation-based method: we say T1 <. T» if there exists
simulation relation [ with (T1,T,) € 0.
® for example, if (T1,T2) € [ we require:
s If T; = end, then unfold"(T,) = end.
s If Ty =Kkl <U1>; 1’, then unfoldn(Tz) > k! <U2>;T2/,
(T{,T,) € O and (U1,U,) € [I.
e IfT1= k&{h : Tli}iel, then unfoldn(Tg) > k&{'j : T2j}jEJ
and J C | and Vj € J.(Tyj, Tp;) € L.
® Example Ty = k'l ut.K'1:k?t, T, = put.k? k'l t.
» T1 represents more optimal communications than T,
since it can output messages at k’ without waiting.

L s We can prove T <¢ T». J
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Properties of <.
B -

® Theorem <.lIs a preorder.

s IfT10q To and Ty L5, T3 for type simulations [11 and L,
then there exists a type simulation L3 such that if

unfoldn(Tg) > TZ/’ then T2/ [13 T3.
s We write trc(Ty 0, T 0, T3) for Os.

s trc(0yq,0y) is the smallest relation such that if
(TlaTZ) c U and (Tz,Tg) c [,, then
trC(Tl (11 To D2T3) C tI’C(D 1, Dz)

o |
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Algorithmic Subtyping
B -

|OUT]
SFU <Up  ZFTy <7 [Ty

7 K!(Ug); Ton]"H 55 K1 (Uy); 7 [Tgo e
> Kkl <U1>;T1 < T [k! <U2>;T2h]h€H

» Lemma

» The subtyping algorithm always terminates.

s If T <. T’ then the algorithm does not return false when
appliedto 2 T < T'.

® Theorem ForallclosedtypesT and T/, T <. T'if and
onlyif T <T’

o |
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Global Inference - Bottom UP TInference

(sTerz]
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Global Principal Typing

f ®» Theorem [principal global typing] T

» The typability of P with respect to = is decidable.

» If P is typable then P has a principal global typing I ¢ in
the sense that

s [ P>0holds and;
s [ P>Oimplieslo <T.

o |
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Example: Double Buffering Algorithm
B -

#® Optimisation by overlapping computation and communication
® Source — Kernel — Sink

Source sends data to Kernel
Kernel computes on data
Kernel sends to Sink

Use of 2 buffers at Kernel allows Sink to write in one
while Sink reads from the other.

] x[i] | x[l@x[i-1]
Source J Kernel Sink

x[i—1]

o |
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Example: Double Buffering Algorithm

o N

READY [‘A] COPY READY
// \
READY

@ (b)

|

COPY

(©

READY |
/ COPY
. ‘w /

(d) (e

o |
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Typestor Double Buffering

o
Tsource =  Mt.r1?2();s1! (U);ra?();s! (U);t
Teernet =  Mt.ra! ();812(U);t12(); ug! (U);
ol ();82?2(U);122(); ua! (U);t
Tk = MLt O;u?(U); ! () u?(U);t

Topt = 1! ()12l ();ut.s1?2(U); t12(); ur! (U)sre! ();

# Theorem Topt <C Tkernel

o |
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