Multiparty Session Types



Recap
°

Recap

We learnt about binary session types:
Syntax of expressions, processes, and binary sessions.

Operational semantics of binary sessions.

>

>

» Syntax of session types.

» Typing rules for expressions, processes, and binary sessions.
>

Type safety theorems (Preservation and Progress).
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From Binary to Multiparty

Recall we defined previously in the syntax:

p ::= Alice | Bob Participant
P,Q == ple).P Message Send
| p(x).P Message Receive
‘ p> {lL : P/?}ZEI Branching
| p<l.P Selection
‘ . e
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| p(x).P Message Receive
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To extend our calculus to Multiparty, we need more participants:

p == Alice|Bob | Carol|--- Participant

3/41



From Binary to Multiparty

Recall we defined previously in the syntax:

p<al.P Selection

p ::= Alice | Bob Participant
P,Q == ple).P Message Send
| p(x).P Message Receive
‘ p> {lL : P/?}ZEI Branching

To extend our calculus to Multiparty, we need more participants:

p == Alice|Bob | Carol|--- Participant

But is only extending participants enough?
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Motivation
0@00000

Well-typed Session

In binary session types, we have the syntax for binary session:

Mu=p: P ‘ g :: @ Binary Composition

and the typing rule:
P S Q-

S
MTY] ——
- Alice :: P | Bob :: Q
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Motivation
0@00000

Well-typed Session

In binary session types, we have the syntax for binary session:

Mu=p: P ‘ g :: @ Binary Composition

and the typing rule:
FP:S FQ:

S
MTY] ——
- Alice :: P | Bob :: Q

We also need to extend the syntax of M.
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Motivation
00®0000

Duality Revisited

We previously defined Duality:

Alicef = Bob Bobt = Alice

end end
p![U;S = q?lU};S
p?[U;S = q![U];S

where q = pf.
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Motivation
00®0000

Duality Revisited

We previously defined Duality:

Alicef = Bob Bobt = Alice

end end
p![U;S = q?lU};S
p?[U;S = q![U];S

where q = pf.

How do we define 1 beyond duality?
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Motivation
000@000

Travel Agency

Two Travellers

| | | We can have two travellers, since there can be more than
| order | : L.

D e | | two participants.
le—— :

|

|
| |__quote
|
|

amount
| |

art m T
I

|
reject
|
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Motivation
000@000

Travel Agency

Two Travellers

We can have two travellers, since there can be more than

I I
| order |
I

I

|
D ot i two participants.
T

quote
| e . . :
Lot We could decompose the protocol into two binary sessions,
alt m T T
! ! ! but ...
I L I
reject . .
| purchaser. | i » Causal dependencies in messages cannot be expressed.
------ LT ST R PP - .

PR ! » n participants have up to O(n?) decomposed sessions.
| accept |
|
L amotme | » Moreover ...
| purcnaser, | i

I

|

I
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Motivation
0000000

Pairwise Duality Revisited

Suppose
Ppjice = Carol (x).Bob (x).0

Pgop = Alice (x).Carol (z).0
Pcarol = Bob (z).Alice (x).0
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Motivation
0000000

Pairwise Duality Revisited

Suppose

PAIice = Carol (x) B <
PBob = Alice (l’) | <
Pcarol = Bob (). Ilce (x

).0 : Carol?[int]; Bob![int]; end
x).0 : Alice?[int]; Carol![int]; end
).0 : Bob?[int]; Alice![int]; end
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Motivation
0000000

Pairwise Duality Revisited

Suppose

PAIice = Carol (x) B <
PBob = Alice (l’) | <
Pcarol = Bob (). Allce (x

).0 : Carol?[int]; Bob![int]; end
x).0 : Alice?[int]; Carol![int]; end
).0 : Bob?[int]; Alice![int]; end

Pairwise, binary sessions have dual types.

Composing together, the multiparty session is stuck.
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Motivation
000000

A New Methodology

When we draw the sequence diagram, we consider a global scenario.
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A New Methodology

When we draw the sequence diagram, we consider a global scenario.
Each role can then find out their role in the global scenario.

Each role can implement their own processes, independent of each other, according to
their role in the global scenario.
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A New Methodology

When we draw the sequence diagram, we consider a global scenario.
(Global Types)

Each role can then find out their role in the global scenario.
(Local Types)

Each role can implement their own processes, independent of each other, according to
their role in the global scenario.
(Local Processes)
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Motivation
0000000

Diagrammatically ...

Global Type G

Projection

Local Type 51 e Local Type S,

Typecheck

Local Process P; e Local Process P,
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Processes
[ Jelee)

Syntax

As discussed previously, we extend the alphabet for participants beyond Alice and
Bob, and use the same syntax for processes.

10/41



Processes
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Syntax

As discussed previously, we extend the alphabet for participants beyond Alice and
Bob, and use the same syntax for processes.

We re-define the syntax of session:

MM = p=uP Single Process
| M | M Parallel Composition
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Processes
[ Jelee)

Syntax

As discussed previously, we extend the alphabet for participants beyond Alice and
Bob, and use the same syntax for processes.

We re-define the syntax of session:

MM = p=uP Single Process
| M | M Parallel Composition
We write Hie, p; :: P; as the short hand notation for p; :: P; } ‘ pn :: P, for
I={1,--- ,n}
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Processes
0000

Structural Congruence

We adapt the usual 7-calculus structural congruence rules for parallel composition into
our multiparty session syntax:

MM =M |M [CM-ComM|
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Processes
0000

Structural Congruence

We adapt the usual 7-calculus structural congruence rules for parallel composition into
our multiparty session syntax:

MM =M |M [CM-ComM|
My ‘ (Mo | Ms) = (My ] Ma) ‘ Ms [Cm-Assoc]
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Processes
0000

Structural Congruence

We adapt the usual 7-calculus structural congruence rules for parallel composition into
our multiparty session syntax:

MM =M |M [CM-ComM|
My ‘ (Mo | Ms) = (My ] Ma) ‘ Ms [Cm-Assoc]
p:0|M=M [CM-INACT]
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Processes
0000

Structural Congruence

We adapt the usual 7-calculus structural congruence rules for parallel composition into
our multiparty session syntax:

M| M =M | M [
My ‘ (Mo | Ms) = (My ] Ma) ‘ Ms [Cm-Assoc]
p:0|M=M [CM-INACT]
P=P = puzP|M=p=:P |M [Cm-Cx]

CM-ComM|

11/41



Processes
0000

Operational Semantics

[R-CoM] — clv p7a
p:qle).P | q:p(x).Q ’ M—p:P | q: Qv/x] }M
[R-LABEL] Yell=l p#a
p::q<1l.P|q::pl>{li:Qi}i€1 |3\rf—>p::P|q::Qj }3\’[
t
[R-IFTRUE] ¢ | vrue
p::ifethenPelseQ‘J\rf—>p::P|3\{
fal
[R-IFFALSE] ¢ | false
p::ifethenPelseQ!3\{—>p::Q|3\f
[R-Conc] My =M; My — M5y My =M,

3\[1 — J\/fz
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Processes
0000

Old Travel Agency Still Works!

Alice :: Pajice ‘ Bob :: Ppggyp, is still in valid syntax of multiparty sessions.
Binary sessions are subsumed by multiparty sessions.
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Global Types
©0000

What is a global type?

A global type describes the global communication behaviour between a number of
participants, providing a bird’s eye view.
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Global Types
0@000

Syntax

G = end Termination
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Global Types
0@000

Syntax

G = end Termination
| p—q:[U];G Message
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Syntax

:= end Termination
| p—q:[U};G Message
| p—q{li:G,}ier Branching
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Global Types
0@000

Syntax

end Termination
p—q:[U];G Message

p— q{l;: G;}ier Branching
ut.G Recursive Type
t Type Variable
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Travel Agency in Global Types

Travel agency

| Customer | | Agency |

A global type for the travel agency protocol can be: | |

| order |

| |
quote

| |

alt 11 |

| |

| |
accept

| |

|—oddress |

! date !

______ [ SR

21 T

| |

| . |

ILM,I
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Travel Agency in Global Types

Travel agency

| Customer | | Agency |

A global type for the travel agency protocol can be: | |

| order |
Alice — Bob : [string]; ! !
. ) quote

| |

alt  J m |

| |

! accept !

| |

|—oddress |

! date !

| |

""" [ 7T
| |
! reject !
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Travel Agency in Global Types

Travel agency

| Customer | | Agency |

A global type for the travel agency protocol can be: | |

| order |

Alice — Bob : [string]; I ote |
Bob — Alice : [int]; ' '
alt JI 1] :

I accept !

| |

|—oddress |

! date !

| |

""" [ T R
| |
! reject !
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Travel Agency in Global Types

Travel agency

| Customer | | Agency |
I I

A global type for the travel agency protocol can be:

!
!

Alice — Bob : [string]; !
Bob — Alice : [int]; ! :
!

|

! accept
| |
Alice — Bob | address |
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Travel Agency in Global Types

Travel agency

| Customer | | Agency |
I I

A global type for the travel agency protocol can be:

el
Alice — Bob : [string]; quote |
Bob — Alice : [int]; — !
accept : | |
Alice — Bob : [string]; Set
Alice — Bob { Bob — Alice : [string]; [oddress
end bodate !

------
| |
P reject !
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Travel Agency in Global Types

Travel agency

| Customer | | Agency |
I I

A global type for the travel agency protocol can be:

e |
Alice — Bob : [string]; quote |
Bob — Alice : [int]; 1 |
accept : ! !
Alice — Bob : [string]; Sty
Alice — Bob { Bob — Alice : [string]; | address
end D odae |

reject :end ) e lr"[ai ......... [H—
| e |
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Global Types
00000

Try it Yourself: Better Travel Agency

Better Travel agency

Give the global type for the better travel agency.
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Global Types
00000

Try it Yourself: Better Travel Agency

Better Travel agency

Give the global type for the better travel agency.

ut.

Alice — Bob : [string];

Bob — Alice : [int];

accept :
Alice — Bob : [string];

Alice — Bob Bob — Alice : [string];
end

retry : t

reject : end

17/41



Global Types
0000@

Try it Yourself: Two Travellers

Two Travellers

Give the global type for the two travellers. ! !
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Global Types
0000@

Try it Yourself: Two Travellers

Two Travellers

Give the global type for the two travellers.

| Alice | Agency Bob
G= ey
Alice — Carol : [string]; \ \ 1
. . quote |
Carol — Alice : [int]; ! | oo |
. —
Carol — Bob : [int]; } ol
- . %N
Alice — Bob : [int]; — | |
| | |
accept : \ rejeet !
g refect |
Bob — Alice : [int]; | purchaser.| 1
- ' !
Alice — Carol : [bool]; | == begggraseeeeed bosooeceecd e
Bob — Alice { end o acce |
reject : ‘ amount |
. | | |
Alice — Carol : [bool]; | purchaser, | |
end | |
| |
| |
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Projection
©0000000000000000000

Overview

Projection gives the local session types S, for a participant p given a global protocol G.

We write GG | p as the projection of (G to the participant p.
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Projection
0@000000000000000000

Intuition

To project a global type GG to a participant p, the “relevant” interaction for p is
preserved.
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p — q:[U];-- has a prefix that p sends a message to q of sort U.

» From the viewpoint of p, they send a message of sort U to q, hence their local
type should have a prefix q![U]; - -.
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local type should have a prefix p?[U]; - - -
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Projection
0@000000000000000000

Intuition

To project a global type GG to a participant p, the “relevant” interaction for p is
preserved.

p — q:[U];-- has a prefix that p sends a message to q of sort U.

» From the viewpoint of p, they send a message of sort U to q, hence their local
type should have a prefix q![U]; - -.

» From the viewpoint of q, they receive a message of sort U from p, hence their
local type should have a prefix p?[U];---.

» From the viewpoint of r, where r is another participant, this interaction is
unrelated to them.

20/41



Projection
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Intuition

p— q{l;: - }ier has a prefix that p sends a label among a set of labels to q.
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Intuition

p— q{l;: - }ier has a prefix that p sends a label among a set of labels to q.

» From the viewpoint of p, they take a branch among the set of labels to q, hence
their local type should have a prefix q&{l; : - - }ier.
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Intuition

p— q{l;: - }ier has a prefix that p sends a label among a set of labels to q.

» From the viewpoint of p, they take a branch among the set of labels to q, hence
their local type should have a prefix q&{l; : - - }ier.

» From the viewpoint of q, they offer branches among the set of labels from p,
hence their local type should have a prefix p&{l; : - - }icr.
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Projection
00®00000000000000000

Intuition

p— q{l;: - }ier has a prefix that p sends a label among a set of labels to q.
» From the viewpoint of p, they take a branch among the set of labels to q, hence
their local type should have a prefix q&{l; : - - }ier.
» From the viewpoint of q, they offer branches among the set of labels from p,

hence their local type should have a prefix p&{l; : - - }icr.
» From the viewpoint of r, where r is another participant, what is the projection for
them ...
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Projection
000@0000000000000000

Examples

We use a few examples to motivate the projection of branches to a participant not
involved in the branch.
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Examples

We use a few examples to motivate the projection of branches to a participant not
involved in the branch.

yes:q — r:[int];end
P—4q . [4int]-
no:q — r:[int];end
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Projection
000@0000000000000000

Examples

We use a few examples to motivate the projection of branches to a participant not
involved in the branch.

yes:q — r:[int];end
P—4q . [4int]-
no:q — r:[int];end

In the yes branch, r receives a message from q.
In the no branch, r also receives a message from q.

In either case, r receives a message from ¢, regardless of the label sent from p to q.

22/41



Projection
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Examples

yes:q— p: [int];p — r: [int];end
P—4q . . nol- [int]-
no:q— p: [stringl;p — r: [int];end
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Examples

yes:q— p: [int];p — r: [int];end
P—4q . . nol- [int]-
no:q— p: [stringl;p — r: [int];end

In the yes branch, r receives a message of sort int from p.
In the no branch, r receives a message of sort int from p.
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Examples

yes:q— p: [int];p — r: [int];end
P—4q . . nol- [int]-
no:q— p: [stringl;p — r: [int];end

In the yes branch, r receives a message of sort int from p.
In the no branch, r receives a message of sort int from p.

Regardless of what branch p has chosen, r can expect a message from p of sort int.
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Projection
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Examples

yes:q— p: [int];p — r: [int];end
P—4q . . nol- [int]-
no:q— p: [stringl;p — r: [int];end

In the yes branch, r receives a message of sort int from p.
In the no branch, r receives a message of sort int from p.

Regardless of what branch p has chosen, r can expect a message from p of sort int.

Therefore, the global type can be projected to r.
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Examples

yes : q — r: [int]; end
p%q{ no : end
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Examples

yes :q — r: |int|;end
b {J q [int]; en }
no : end

In the yes branch, r receives a message from q.
In the no branch, r does nothing.
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Examples

yes :q — r: |int|;end
b {J q [int]; en }
no : end

In the yes branch, r receives a message from q.
In the no branch, r does nothing.

There is no way for r to know about the selection of p, which determines whether r
needs to wait for a message from q.
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Projection
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Examples

yes :q — r: |int|;end
b {J q [int]; en }
no : end

In the yes branch, r receives a message from q.
In the no branch, r does nothing.

There is no way for r to know about the selection of p, which determines whether r
needs to wait for a message from q.

Therefore, the global type cannot be projected to .
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Examples

yes:r — q: [int]; end
P—ay . : ol
no:r — q: [string];end
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Examples

yes:r — q: [int]; end
P—ay . : ol
no:r — q: [string];end

In the yes branch, r sends a message of sort int to q.
In the no branch, r sends a message of sort string to q.
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Projection
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Examples

yes:r — q: [int]; end
P—q . . N
no:r — q: [stringl;end

In the yes branch, r sends a message of sort int to q.
In the no branch, r sends a message of sort string to q.

Whereas q may know the sort of the message to expect from r, r doesn't learn the
choice made by p, and cannot always produce the correct sort according to the choice.
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Examples

yes:r — q: [int]; end
P—q . . N
no:r — q: [stringl;end

In the yes branch, r sends a message of sort int to q.
In the no branch, r sends a message of sort string to q.

Whereas q may know the sort of the message to expect from r, r doesn't learn the
choice made by p, and cannot always produce the correct sort according to the choice.

Therefore, the global type cannot be projected to .
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Plain Merge

When projecting a branch to a participant not involved, the continuations of global
protocol in each branch are projected, then merged to a single type.
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When projecting a branch to a participant not involved, the continuations of global
protocol in each branch are projected, then merged to a single type.

We are aware not all session types can be merged.
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)
Plain Merge

When projecting a branch to a participant not involved, the continuations of global

protocol in each branch are projected, then merged to a single type.

We are aware not all session types can be merged.

In Plain Merging, we require that the projected session types to be identical, and they
merge to one session type.
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0000000000000 000000
)
Plain Merge

When projecting a branch to a participant not involved, the continuations of global
protocol in each branch are projected, then merged to a single type.

We are aware not all session types can be merged.

In Plain Merging, we require that the projected session types to be identical, and they
merge to one session type.

Interested students can read the very gentle introduction paper to learn about full merging (available
in materials).
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Some Auxiliary Definitions

We define pt((7) as the set of participants involved in the global type G.
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Some Auxiliary Definitions

We define pt((7) as the set of participants involved in the global type G.

) = {p,a} Upt(G)

) = {p,a} UU;er pt(Gi)
pt(put.GG) = pt(G)

) = 0

) = 0
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Projection, Formally

We define projection as follows:

p—=q:[U;Glr =
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Projection, Formally

We define projection as follows:
qQULEGIr p=r
[U]; G

fr q=r
Glr otherwise
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Projection, Formally

P—qili:Gitier v =
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Projection, Formally

ad{l; : G [r}ier p=7
p&{li : Gi [ rtier q=r

P—qili:Gitier v =
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Projection, Formally

Qd{li : Gi [ thier p=r

p&{l; : Gi [ rlier a=r

» - pAnLAFTY
pﬁq{li.(n}iel [r = G; fr(iel) Vi, j eI
Gilr=GjIr
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Projection, Formally

a®{li: Gi I rhier p=r
p&{li : Gi [ rtier q=r
. B PArNqQF#r
P=alli:Gikier 1T = ¢, trgen Vij el
(;1 [r = ;] r r
undefined otherwise
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Projection, Formally

.G lr =
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Projection, Formally

el {end r ¢ pt(G) and ut.GG is closed
ue.G|r =
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Projection, Formally

.G lr =

end r ¢ pt(G) and ut.GG is closed
pt.G | r otherwise
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Projection, Formally

(O B end r ¢ pt(G) and ut.GG is closed
peGIr ut.GG | r otherwise

tlr =t
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Projection, Formally

end r ¢ pt(G) and ut.GG is closed
ut.G [r = :
pt.G | r otherwise
tlr =t
end [r = end
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Exercise: Projection

We begin with a global type with only two participants.
Alice — Bob : [int];

G = Bob — Alice : [bool];
end
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Exercise: Projection

We begin with a global type with only two participants.
Alice — Bob : [int];

G = Bob — Alice : [bool];
end

What is G | Alice and G | Bob?

G | Alice = Bob![int]; Bob?[bool]; end
G | Bob = Alice?[int]; Alice! [bool]; end
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000000000000 80000000

Exercise: Projection

We begin with a global type with only two participants.
Alice — Bob : [int];
G = Bob — Alice : [bool];
end
What is G | Alice and GG [ Bob?
G | Alice = Bob![int]; Bob?[bool]; end
G | Bob = Alice?[int]; Alice! [bool]; end

Note that we have (& | Alice = (i | Bob (using binary duality)
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Exercise: Projection

Alice — Bob : [int];
G = Bob — Carol : [int];
end

What is GG | Alice, G [ Bob and G | Carol?
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end
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32/41



Exercise: Projection
Alice — Bob : [int];
G = Bob — Carol : [int];

end

What is GG | Alice, G [ Bob and G | Carol?

G | Alice = Bob![int];end
G | Bob = Alice?[int]; Carol![bool]; end
G | Carol =

32/41



Exercise: Projection
Alice — Bob : [int];
G = Bob — Carol : [int];

end

What is GG | Alice, G [ Bob and G | Carol?

G | Alice = Bob![int];end
G | Bob = Alice?[int]; Carol![bool]; end
G | Carol = Bob?[bool];end

32/41



Exercise: Projection
Alice — Bob : [int];
G = Bob — Carol : [int];

end

What is GG | Alice, G [ Bob and G | Carol?

G | Alice = Bob![int];end
G | Bob = Alice?[int]; Carol![bool]; end
G | Carol = Bob?[bool];end

Verify: If you only look at communication between Alice and Bob in the projection,
are they “dual” of each other?
(Similarly, for other pairs of roles)
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Exercise: Projection

Are the following protocols projectable on Carol?

- [1 : Bob — Carol : [int]; end
G1 = Alice = BOb{ ls : Bob — Carol : [string]; end
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Exercise: Projection
Are the following protocols projectable on Carol?

Gy = Alice — Bob{ [1 : Bob — Carol : [int]; end }

Iy : Bob — Carol : [string];end

Gy = Alice — Bob{ I1 : Bob — Carol : [int]; end }

l2 : Bob — Alice : [int]; end
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Exercise: Projection
Are the following protocols projectable on Carol?

Gy = Alice — Bob{ [1 : Bob — Carol : [int]; end }

Iy : Bob — Carol : [string];end

Gy = Alice — Bob{ l; : Bob — Carol : [int]; end }

l2 : Bob — Alice : [int]; end

G3 = Alice — Bob{ ly : Bob — Carol {l; : end} }

ly : Bob — Carol {3 : end}
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Travel Agency

Travel agency

Alice — Bob : [string];
Bob — Alice : [int];

| Customer | | Agency |
I I

accept : D oder
G= Alice — Bob : [string]; | |
Alice — Bob{ Bob — Alice : [string]; e
end e o |
reject : end | accept ,'
| oseress ]
! date !
------
| |
! reject !
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Alice — Bob : [string];
Bob — Alice : [int];

| Customer | | Agency |
I I

accept : TR
G= Alice — Bob : [string]; | |
- . uote
Alice — Bob{ Bob — Alice : [string]; D E—
end alt Jl 11 :
reject : end ';Lept,}
| |
| address |
™
! date !
G | Alice= Do S
M2 T
| |
! reject !

34/41



Alice — Bob : [string];
Bob — Alice : [int];

accept :
G= Alice — Bob : [string];
Alice — Bob ¢ Bob — Alice : [string];
end

reject : end
Bob![string];
G | Alice =

Travel agency

| Customer | | Agency |

T T
| |

| order |
| |
quote
| |
alt 11 |
| |
| |
accept
| |
|—oddress |
Ldat—ell
______ [ SR
21 T
| |
| . |
ILM,I
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Travel Agency
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Alice — Bob : [string];
Bob — Alice : [int];
accept :

G = Alice — Bob : [string];
Alice — Bob ¢ Bob — Alice : [string];

end
reject : end

Bob![string]|; Bob?[int];

G | Alice =

Travel agency

| Customer | | Agency |

T T
| |

| order |
| |
quote
| |
alt  J m |
| |
| |
accept
| |
| address |
Ldat—ell
______ [ SR
21 T
| |
| . |
ILM,I
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Travel agency

Alice — Bob : [string];
Bob — Alice : [int];

| Customer | | Agency |
I T

accept : : order :
G = Alice — Bob : [string]; i |
Alice — Bob ¢ Bob — Alice : [string]; D
end alt Y] :
reject : end | ccept |
I |
Bob![string]|; Bob?[int]; :r_address ,:
. date
G | Alice = S :rk—‘--[-,; _________ i ______
l |
reject
{
|
|
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Travel agency

Alice — Bob : [string];
Bob — Alice : [int];
accept :

| Customer | | Agency |

| |
| order |
G = Alice — Bob : [string]; | |
Alice — Bob{ Bob — Alice : [string]; D
end alt / 11 :
Teject : end ! accept l
| |
Bob![string]; Bob?[int]; : e :
. ept : Bob![string]; date
G 1 Alice = accept: Bobllstringl; || —
Bob® Bob?[string]; end I I
reject : end L eject |
{
|
|
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Travel agency

Alice — Bob : [string];
Bob — Alice : [int];

| Customer | | Agency |
I I

accept : D oser
G = Alice — Bob : [string]; | !
Alice — Bob { Bob — Alice : [string]; D
end VL !
reject : end | accept ,'
| oamess |
! date !
------
| |
! reject !
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Travel agency

Alice — Bob : [string];
Bob — Alice : [int];

| Customer | | Agency |

accept : : order :
G = Alice — Bob : [string]; | !
Alice — Bob{ Bob — Alice : [string]; e
end alt | 11 :
T@ject :end ! accept l
! |
Alice?[string]; Alice![int]; : o :
GlBob= . accept : Alice?[str?ng]; ______ lu—ldate _____ o
Alice& Alice![string]; end G I
reject : end L reject |
l
|
|
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Try it Yourself: Two Travellers

Two Travellers

Can you project this global type to 3 participants?

| Alice | Agency Bob
- . T T
Alice — Carol : [string]; D e | !
. . | —
Carol — Alice : [int]; | uore | |
! ! e duote | I
Carol — Bob : [int]; | | quote |
. X I >
Alice — Bob : [int]; ! amotnt |
L amout
accept : o : o :{ %
G= Bob — Alice : [int]; | rejoct |
. | | |
. Alice — Carol : [bool]; | purchaser, | |
Bob — Alice< end & v A B b b
reject : 1 accept |
Alice — Carol : [bool]; e omout |
| | |
end purchase? | }
!
|
|
|
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Try it Yourself: Two Travellers — Projections

Two Travellers
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Try it Yourself: Two Travellers — Projections

G | Alice =  Carol![string]; Carol?[int]; Two Travellers
Bob![int]; [ | [aener | [
accept : ! ! !
. | rder | |
Bob?[int]; r—ii—j |
uote
Bob&:{ Carol![bool];end A— }
. I | quote |
reject : ! —
. amount
Carol![bool]; end \ TR
It m
} rejelct }
I I I
| purchase?_| }
------ R
I I I
| accept |
T
I i I
amount
1 1 1
purchase?, ! 1
I
I
I

37/41



Projection
000000000000000000 @0

Try it Yourself: Two Travellers — Projections

G | Alice =  Carol![string]; Carol?[int]; Two Travellers
Bob![int]; [ | [omner| [0
accept : | | |
Bob?[int]; f‘ﬁg;ﬁ
Bob&:{ Carol![bool];end }“% N
reject : ! m%ﬁ
Carol![bool]; end _ W
| | |
| ! |
G | Bob=  Carol?[int]; Alice?[int]; e
accept = )} | TT ........... oo
Aliced( Alice![int];end i mipt i
reject : end \NT
| purchaser, | i
|
|
|
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Try it Yourself: Two Travellers — Projections

G | Carol = Alice?[string]; Alice![int]; : ‘
Bob![int]; Alice?[bool]; end \‘ §

G | Alice =  Carol![string]; Carol?[int]; Two Travellers
BOb ' [lnt]; | Alice | Agency Bob
accept : ! ! !
Bob?[int]; f—ﬂg;ﬁ
Bob&:{ Carol![bool];end . [
. | | uote |
reject : ! E— !
amount
Carol![bool]; end \ TR
It ni
| | |
| - |
) . . reject
G [ Bob=  Carol?[int]|; Alice?[int]; I |
purchase?
accept -} | - it S i ......
Aliced( Alice![int];end ! e |
) —
reject : end I L I
amoun
| | |
| purchase?, | }
|
|
|
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Try it Yourself: Travel Agency with Airlines

Write a global type for the diagram, and project the
global type to airlines.

Travel agency

| Airline

Customer | Agency
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Try it Yourself: Travel Agency with Airlines
Write a global type for the diagram, and project the

Travel agency

global type to airlines. Customer | Agency | Ailine
T T
| | |
Alice — Bob : [string]; | order | !
Bob — Alice : [int]; 54&1: i
accept : =a l :
Alice — Bob : [string]; Eﬂ,{ i
Bob — Carol : [string]; |_address I !
Alice — Bob ¢ Carol — Bob : [string]; I | destination |
. . | | |
Bob — Alice : [string]; | |, date |
end : date : i
reject :end ) e T I e
I reject ! :
—
| |
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Try it Yourself: Travel Agency with Airlines
Write a global type for the diagram, and project the

Travel agency

global type to airlines. Customer | Agency | Ailine
T T
| | |
Alice — Bob : [string]; | order | !
. . | | |
Bob — Alice : [int]; e |
accept : =a l :
Alice — Bob : [string]; Eﬂ,{ i
Bob — Carol : [string]; |_address I !
Alice — Bob ¢ Carol — Bob : [string]; i : uesn‘natioq:
Bob — Alice : [string]; | |, date |
end U oe ! |
4 1 I
reject :end ) B — -
I jec ! !
We cannot project the global type to airlines, because e :
T T
| |
| |

we cannot merge the two branches. i
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Typechecking Binary Session

Recall in binary session types, we have the judgment
FM

for well-typed binary session.
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Typechecking Binary Session

Recall in binary session types, we have the judgment
FM

for well-typed binary session.

It can be derived via the typing rule:

FP:S Q-

S
[MTy] ——
- Alice :: P | Bob :: Q
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Typechecking Multiparty Session

For multiparty sessions, we use the global type in the judgement:

FM: G
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Typechecking Multiparty Session

For multiparty sessions, we use the global type in the judgement:

FM: G

It can be derived via the typing rule:
Viel. -FPF:G]Jp; pt(G) C{pi|i eI}

I—Hpi 2P G
i€l

[MTY]
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