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Structure of Lectures
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> Multiparty Session Types
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Origin of Multiparty Session Types

Binary Session Types [PARL 94, ESOP’98]

Y
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Formalisation of W3C WS-CDL [ESOP’07]

4

Scribble at T4 Technology




CDL Equivalent

* Basic example:

package HelloWorld {

roleType YouRole, WorldRole;

participantType You{YouRole}, World{WorldRole};
relationshipType YouWorldRel between YouRole and WorldRole;
channelType WorldChannelType with roleType WorldRole;

choreography Main {
WorldChannelType worldChannel;

interaction operation=hello from=YouRole to=WorldRole

relationship=YouWorldRel channel=worldChannel {
request messageType=Hello;

Dr Gary Brown (Pi4 Tech) in 2007



Scribble Protocol

» "Scribbling is necessary for architects, either physical or computing, since all
great ideas of architectural construction come from that unconscious
moment, when you do not realise what it is, when there is no concrete
shape, only a whisper which is not a whisper, an image which is not an
image, somehow it starts to urge you in your mind, in so small a voice but
how persistent it is, at that point you start scribbling" - Kohei Honda 2007

e Basic example:

protocol HelloWorld {

role You, World;
Hello from You to World;
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Pb'operﬁes of Session Types
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Multiparty Session Types

Global Alice — Bob: (Nat).
Types Bob — Carol: (Nat).end

Projection

TBob :?<Alice, Nat);
Local Types l(Carol,Nat);end

checking

Multiple Pgor = s?(Alice,x);
Languages s! (Carol,x) ; 0




Type Checking [OOPSLA'15, POPL'16]

Global Type
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Dynamic Monitoring
[RV'13, COORDINATION'14, FMSD’15]

Global Type
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Code Generation [CC'15, FASE'16]
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Synthesis
[ICALP'13, POPL'15, CONCUR'15, TACAS' 10]

Global Type
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Three Buyers- Seller Exawple

A= S . { String 7 e & Syer ]

S—{A,B j: {Int) R

A— B : (Int).

B— {S,AJ:{oK: B - §:{Strng)
S-—)B:(D::.h)



Projections of the Global type Gy

G IS = ?2A,string).!({A,B},int).
& (B, {ok :?(B,string).!(B, date).end,
quit : end})

G TA = §,string).?(S,int).!(B,int).&(B,{ok : end, quit : end})
Gy B = ?(S,int).?2(A,int).

®({S,A}, {ok :1(S,string).?(S,date).end,
quit : end}))



The projection of a global type G onto a participant ¢

p",U).(G' [ q) if q=p,
(p—p :(U).G)la=q2%p,U).(G'Iq ifq=p,
G'Iq otherwise.

(B (p' {li : Tr}ier) if q=p
&(p,{li: Gi| atier) Ifq=7
G, |q where iyel if q#p,q#p
and G;q=G; [q foralli,jel.

\

ut.(Glq) ifGlq#t,
end otherwise. tig=t end]qg=end.
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Three BUYGYS- Seller Emmp\e

G1

A- S :<S17i‘n3>. B"C:é{;‘f;'
_ . | P ;
S—’{A)B 3 <Ih'l'>. E—?B:{Ok: . quit: }

A - B : (Ih'l')
B— {S,AY:{ok: B->S: (M. T=

5 =9 B: ( Date ). ok:1<S,string>'
72<S, date>,

qUTT-'j quit:)




Global types for the three buyer protocol

Gg= 2 —3 : (string).
3 —{1,2} (int).
2 1 (int).
1 —{2,3} {ok :1 — 3: (string).
3 — 1: (date).end,
quit : end}
Gp = 2 — 1: (int).

2—1:(T).
1 — 2: {ok: end,quit : end}

T =®({2,3},{ok:!(3,string).?(3,date).end, quit : end })



Projections of the three buyer protocol

Gqa 3 = ?22,string).!({1,2},int); &(1,{ok :?(1,string).

1(1,date).end, quit : end})

Gy l1 = ?2(2,int).2(2,T).®(2,{ok : end,quit : end })



Implementation of the three buyer protocol

Seller = a[3|(y).y?(2,title).y!({1,2},quote).
y&(1,{ok : y?(1,address).
y!(1,date).0,quit : 0})

Alice = a[2|(y).y!(3,”Title”).y?(3,quote).
y!(1,quotediv?2).
y&(1,{ok:0, quit:0})



Implementation of the three buyer protocol

Bob = a[l|(y).y?(3,quote).y?(2, contrib).
if (quote — contrib < 100)
then
y®({2,3},0k).y!(3,”Address”).y?(3,date).0
else
b[2](2).z1{1,quote — contrib — 99).z!{{1,y)).
z&(1,{ok: 0,quit: 0})

Carol = b[1](z).22(2,x).22((2,1)).
if (x < 100)
then
z®(2,0k).td({2,3},0k).t!(3,”Address”).
t?7(3,date).0
else
z®(2,quit).tH({2,3},quit).0



The three buyer protocol with recursion

iteration

choice

ok
delegate T

...........




Global type for recursive negotiation

Gy = ut.2 — 1: (int).
1 — 2: (int).
2—1:{ok:2—1:(T).end,
more : t,
quit : end}

T =®({3,2},{ok: I(3,string).?(3,date).end, quit : end})



The three buyer example with recursion

Bob = a[l|(y).y?(3,quote).y?(2, contrib).
if (quote — contrib < 100)
then
®({2,3},0k).y!(3,”Address”).y?(3,date).0
else
b2](z).
def X(x',7,y) = <1x>z?(1 w)
if good(w) then 7 @ (1,0k).Z"1{(1,¥)).0
else if negotiable(w) then 7/ @ (1, more).
X (newproposal(w),7’,y)
else 7 @ (1,quit).y’ @ ({2,3},quit).0
in X (firstproposal(quote),z,y)



The three buyer example with recursion

Carol = b[1](z).def Y () =
722,x).71(2, offer(x)).
7&(2,{ok:72((2,1)).t ® ({2,3},0k).
t!(3,”Address”).t?(3,date).0
more : Y (7'},
quit: 0})
in Y(Z)
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Reduction rule for the Process Call

def X(x,y) =P in (X(eslp]) | Q) —

def X(x,y) =P in (P{v/xi{slp|/y; | Q) (elV)
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Typing rules for delegation and session receiving

I'EPoAc: T

(Deleg)
CEcl{{p,dN).PoAc: p, T)V.T,c: T

I'-PoAc:T,y: T

(Srcv)
I'Fc?((q,y).PrA,c:2(q,T).T



Delegated channel type T derivation example

date : date - 0>y : end

(Rev)
- ”Address” : string - y?(3,date).0>y :?(3,date).end

(Send)
- y!(3,”Address”).y?(3,date).0>y :!(3,string).?(3, date).end

(Select)
- y®({2,3},0k).y!(3,”Address”).y?(3,date).0>y : T

where

T =®({2,3},{ok:!(3,string).?(3,date).end,quit : end}).



Example of channel delegation type derivation

How to derive a type for a process P which inputs z: Bool
and delegates ¢/ : T7

P=c!{{5,)).c?(5,2).0

{c:end} end only

(Inact)
z:BoolF0Opc:end

(Rev)
- ¢?(5,z).0>c¢:?(5,Bool).end

(Deleg)
= el((5,c)).c2(5,2).00¢:1(5,T).2(5,Bool).end,c’ : T



Example of recursive type derivation

How do we derive a type of a recursive process with a
boolean expression 7

def X(y,x) =x!(1,y).X(y,x) in X(true,c)

Let T =!(1,Bool).t

-~ true : Bool

(Var)
C) X : Bool ut.T X (true,c)>c: ut.T

(Def)
- def X(y,x) =x!(1,y).X(y,x) in X(true,c)>c: ut.T



where ® is the derivation :

y : Bool -y : Bool

(Var)
y:BoolFy:Bool X :Bool t,y:Boolt X{y,x)>x:t

(Send)
X : Bool t,y: Bool - x!(1,y).X {y,x)>x:!(1,Bool).t



Three BUYGYS- Seller Emmp\e

G1

A- S :<S17i‘n3>. B"C:é{;‘f;'
_ . | P ;
S—’{A)B 3 <Ih'l'>. E—?B:{Ok: . quit: }

A - B : (Ih'l')
B— {S,AY:{ok: B->S: (M. T=

5 =9 B: ( Date ). ok:1<S,string>'
72<S, date>,

qUTT-'j quit:)




Type derivation for the process Alice

Alice=al|2|(y).y!(3,”Title”).y?(3,quote).y!(1, quotediv2)

act

.
7

y&(1,{ok : 0,quit : 0})
P




I'-0p>y:end

- (Branch)
I, quote : int - quote :int T+ P>y: &(1,{ok : end,quit : end})
(Send,Rcv)
' "Title” : string ['Fact.P>y:?(3,int).!{(1,int).Tp
(Send)

[k y!(3, Tirle”).act.Pby : 1(3,string).2(3,int).!(1,int). Ty

;’I GlAlice

Fa: G  FP>y:G[Alice 2<mp(G)=3

(Macc)
- al2](y).P >0
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Subject Reduction Theorem

» Subject Congruence
I'FPobAand P=Q0 —1'FQOprA

» Subject Reduction
I'EP>Aand P — Q=—TF O>A" withA — A

» The typing system for runtime processes and the proofs can be

found 1n the lecturenotes.




Single Multiparty Session Progress

» Supposea:GF Py | --- | P,>0 where P; does not contain any

restriction and either an accept or a request.

Suppose Py | --- | P, =T Q. Then Q=0 or 3R. Q — R.

» The proofs (for more general progress) can be found in
[POPL’08].

» Progress for the interleaved sessions are guranteed by the

interaction typing system in [Coppo, Dezani, Padvani and NY’14].




Multiparty Session Type Theory

> Multiparty Asynchronous Session Types [POPL’08]

> Progress

> Global Progress in Dynamically Interleaved Multiparty Sessions
[CONCUR’08], [Math. Struct. Comp. Sci.]

>> Inference of Progress Typing [Coordination’13]

> Asynchronous Optimisations and Resource Analysis

> Global Principal Typing in Partially Commutative Asynchronous
Sessions [ESOP’09]

> Higher-Order Pi-Calculus [TLCA’07,TLCA’09]

> Buffered Communication Analysis in Distributed Multiparty Sessions
[CONCUR’10]




> Logics
> Design-by-Contract for Distributed Multiparty Interactions [CONCUR’10]

> Specifying Stateful Asynchronous Properties [CONCUR’12]
> Multiparty, Multi-session Logic [TGC’12]

Extensions of Multiparty Session Types
> Multiparty Symmetric Sum Types [Express’10]

> Trustworthy Pervasive Healthcare Services via Multi-party Session Types
[FHIES  12]

Parameterised Multiparty Session Types [FoSSaCs’10, LMCS]

Global Escape in Multiparty Sessions [FSTTCS’10]
[Math. Struct. Comp. Sci.]

Dynamic Multirole Session Types [POPL’11]
Nested Multiparty Sessions [CONCUR’12]
Timed Multiparty Session Types [CONCUR’14]




> Dynamic Monitoring

>> Monitoring Networks through Multiparty Sessions [TGC’11] [FORTE’13]

»  Automata Theories
> Multiparty Session Automata [ESOP’12]
> Synthesis in Communicating Automata [ICALP’13]

> From communicating machines to graphical choreographies [POPL’15]

» Petri Nets
> Multiparty Session Nets [TGC’14]

» Typed Behavioural Theories
> Governed Session Semantics [CONCUR’13]

) o Choreography Languages
> Compositional Choreographies [CONCUR’13]
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