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| Overview
Global types, session types and processes
Global Type g = alice ™2 bob;

bob 22 carol

Session Types Tpop = alice?nat.
carollnat.
end

: Processes Poob = receive x from alice;
| Palice | | Poob | | Pcaro1 | send x+42 to carol;
end
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Informal descriptions, global types and session types

Seller sends buyer a price and a description of the product; then
buyer initiate a loop of zero or more interactions in which buyer
sends an offer and then seller sends a price; then buyer sends seller
acceptance or it quits the conversation.
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Overview

Informal descriptions, global types and session types

Seller sends buyer a price and a description of the product; then
buyer initiate a loop of zero or more interactions in which buyer
sends an offer and then seller sends a price; then buyer sends seller
acceptance or it quits the conversation.

(seller ‘E{buyer/\seller P buyer);
(buyer offer seller;seller ™5 buyer)*;

(buyer accept sellerVbuyer LR seller)
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Overview

Informal descriptions, global types and session types

(seller ﬂbuyer/\seller P buyer);
(buyer offer seller;seller ™% buyer)*;

(buyer accept sellerVbuyer Rk seller)

seller — buyerldescr.buyer!price.rec X.
(buyer?offer.buyer! price. X+
buyer?accept+ buyer?quit)

buyer +— seller?descr.seller?price.rec Y.
(seller!offer.seller?price. Y&
sellerlaccept® seller!quit)
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(seller ﬂbuyer/\seller P buyer);
(buyer offer seller;seller ™% buyer)*;

(buyer accept sellerVbuyer Rk seller)

seller — buyer!price.buyer!descr.rec X.
(buyer?offer.buyer! price. X+
buyer?accept+ buyer?quit)

buyer +— seller?price.seller?descr.rec Y.
(seller!offer.seller?price. Y&
sellerlaccept® seller!quit)
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Properties of projections

1. Sequentiality: an implementation in which buyer may send
accept before receiving price violates the specification.
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Overview

Properties of projections

1. Sequentiality: an implementation in which buyer may send
accept before receiving price violates the specification.

2. Alternativeness: an implementation in which buyer emits both

accept and quit (or none of them) in the same execution violates
the specification.
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Overview

Properties of projections

1. Sequentiality: an implementation in which buyer may send
accept before receiving price violates the specification.

2. Alternativeness: an implementation in which buyer emits both

accept and quit (or none of them) in the same execution violates
the specification.

3. Shuffling: an implementation in which seller emits price
without emitting descr violates the specification.
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Overview

Properties of projections

1. Sequentiality: an implementation in which buyer may send
accept before receiving price violates the specification.

2. Alternativeness: an implementation in which buyer emits both
accept and quit (or none of them) in the same execution violates
the specification.

3. Shuffling: an implementation in which seller emits price
without emitting descr violates the specification.

4. Fitness: an implementation in which seller sends buyer any
message other than price and descr violates the specification.
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Overview

Properties of projections
1. Sequentiality: an implementation in which buyer may send
accept before receiving price violates the specification.

2. Alternativeness: an implementation in which buyer emits both
accept and quit (or none of them) in the same execution violates
the specification.

3. Shuffling: an implementation in which seller emits price
without emitting descr violates the specification.

4. Fitness: an implementation in which seller sends buyer any
message other than price and descr violates the specification.

5. Exhaustivity: an implementation in which no execution of buyer
emits accept violates the specification.
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Flawed global types

no covert channel

» No sequentiality: some sequentiality constraint between
independent interactions

(p -2 qr -2 s)
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Flawed global types

no covert channel

» No sequentiality: some sequentiality constraint between
independent interactions

(p -2 qr -2 s)

» No knowledge for choice: some participant must behave in
different ways in accordance with some choice it is unaware of

(- qq-rr-5p) V (p—qq-rr—p)
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Related approaches

Overview

Flawed global types

no covert channel

» No sequentiality: some sequentiality constraint between
independent interactions

(p -2 qr -2 s)

» No knowledge for choice: some participant must behave in
different ways in accordance with some choice it is unaware of

(- qq-rr-5p) V (p—qq-rr—p)

» No knowledge, no choice: incompatible behaviours such as
performing and input or an output in mutual exclusion

p—25qVq—5p -

On Global Types and Multi-Party Sessions




Global types and session types

Projections
0000

Related approaches

000000 o
@000 o [e]e}
000 e) e)

:
Global types

Syntax of global types

4 n= Global Type

u]
o)
1
n
it

A
;

On Global Types and Multi-Party Sessions
B




Global types and session types

Projections
0000

Related approaches

000000 o
@000 o [e]e}
000 e) e)

:
Global types

Syntax of global types

9 = Global Type
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Syntax of global types

4 n= Global Type
skip (skip)
| T-5p (interaction) multiple senders
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Syntax of global types

4 n= Global Type
skip (skip)
| n-2sp  (interaction)
| 97,9 (sequence)
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Global types
Syntax of global types
4 n= Global Type
skip (skip)
| n-2sp  (interaction)
| 97,9 (sequence)
| GNYG (both)
=} F = = E 9DHAE
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Global types
Syntax of global types
4 n= Global Type
skip (skip)
| n-2sp  (interaction)
| 97,9 (sequence)
| GNYG (both)
| A% (either)
=} F = = E 9DHAE
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Syntax of global types

4 n= Global Type
skip (skip)
| n-2sp  (interaction)
| 97,9 (sequence)
| GNYG (both)
| A% (either)
| G~ (star) fairness
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Syntax of global types

4 n= Global Type
skip (skip)
| n-2sp  (interaction)
| 97,9 (sequence)
| GNYG (both)
| A% (either)
| G~ (star)

m 25 {pi}ies can be encoded as A\;c;(m - p;)
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Examples
join
(seller 2 pricg buyerl A bank mortegee —=" buyer2);
({buyer1,buyer2} 2 seller A {buyer1,buyer2} % By ank)
=] F = = E 9DHAE
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| Global types
Examples
join
(seller 2 pricg buyerl A bank mortegee —=" buyer2);
({buyer1,buyer2} 2 seller A {buyer1,buyer2} % By ank)
fork
seller 7% buyerl Aseller e buyer?2
o F = = E 9DHAE
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| Global types
Examples
join
(seller 2 pricg buyerl A bank mortegee —=" buyer2);
buyerl,buyer2 —> seller A {buyerl,buyer?2 ePtb ank
y y y y
fork
seller < buyerl Aseller e buyer2
common participants in parallel actions
=} F = = E 9DHAE
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:
Examples

different receivers in a choice

seller ™5 buyerl;buyerl e buyer2Vv
price price

seller — buyer2;buyer2 — buyerl
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different receivers in a choice

seller ™5 buyerl;buyerl e buyer2Vv
price price

seller — buyer2;buyer2 — buyerl

different sets of participants for alternatives

(seller % broker; broker ™ Sbuyer V seller “Sbuyer);
answer
buyer — broker
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Global types

Examples

different receivers in a choice

seller ™5 buyerl;buyerl e buyer2Vv
price price

seller — buyer2;buyer2 — buyerl

different sets of participants for alternatives

(seller % broker; broker ™ Sbuyer V seller “Sbuyer);
answer
buyer — broker

different sets of participants when choosing between repeating or
exiting a loop

agenc! ffe terofte
seller £ broker: (broker e buyer; buyer counteroter broker)*;

It It
(broker =% seller Abroker — buyer) L N S
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Traces of global types
tr(skip) {e}

tr(m i>p) = {=m i>p}
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Traces of global types
tr(skip) = {e}
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Traces of global types
tr(skip) = {e}

tr(n —>p) = {n-p}
tr(% ; gz) = tr(% )tr(%z)
(@) = (u(9))

'[I‘(gl vV gg) = tr(% ) U tr(gz)
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Global types

Traces of global types

tr(skip) = {e}
tr(n —>p) = {n-p}
tr(% ; gz) = tr(% )tr(%z)
(@) = (u(9))
'[I‘(gl vV gg) = tr(%) U tr(gz)
(A N%) = tu(%)(4)

LlLUL2d§f{(P1W1"'(Pan|(Pl"'(PneLl/\WI"'WnEL2}
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Traces of global types

tr(skip) = {e}
tr(n —>p) = {n-p}
tr(% ; gz) = tr(% )tl'(gz)
(@) = (u(9))
tr(%l vV gg) = tr(%) U tr(f%)
(A NG) = t(%)wr(%)
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b b % d
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Traces of global types
tr(skip) = {e}

f(n —5p) = {n-p}
tr(% ; gz) = tr(% )tl'(gz)
(@) = (u(9))
tr(%l V gg) = tr(% ) U tr(gg)
(A NG) = t(%)wr(%)

def
LWl E{oyr- @nWn | @1 @n ELiAYL - W, € Lo}
a b . c. . b . d e
Y =(p—qAp—q);(q—pip—a)5(@q—pPVqg—>p)
a b c b d
P—qP—4q— PP — G iq—P

b a c b e
P—aqpP—49d—pPP—>% i q—P
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Session types

Syntax of session types
T = Pre-Session Type
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Session types
:

Syntax of session types

T = Pre-Session Type
end (termination)
=} F = E E DA

|
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Session types
:

Syntax of session types

T = Pre-Session Type
end (termination)
| X (variable)
=} F = E E DA
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Session types

Syntax of session types

T = Pre-Session Type
end (termination)
| X (variable)
| pla.T (output)
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Syntax of session types

T = Pre-Session Type
end (termination)
| X (variable)
| pla.T (output)
| w?a.T (input)
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Session types

Syntax of session types

T = Pre-Session Type
end (termination)
| X (variable)
| pla.T (output)
| w?a.T (input)
| TaT (internal choice)
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Session types

Syntax of session types

T = Pre-Session Type
end (termination)
| X (variable)
| pla.T (output)
| w?a.T (input)
| TaT (internal choice)
| T+T (external choice)
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Session types

Syntax of session types

T = Pre-Session Type
end (termination)
| X (variable)
| pla.T (output)
| w?a.T (input)
| TaT (internal choice)
| T+T (external choice)
| rec X.T (recursion)
=} F = = E 9DHAE
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Session types

Syntax of session types

T =

end

X

pla.T
n?a. T
TeT
T+T
rec X.T

session type

Pre-Session Type
(termination)
(variable)

(output)

(input)

(internal choice)
(external choice)
(recursion)
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Session types

Syntax of session types

T =

end

X

pla.T
n?a. T
TeT
T+T
rec X.T

session type

» end

Pre-Session Type
(termination)
(variable)

(output)

(input)

(internal choice)
(external choice)
(recursion)
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Session types

Syntax of session types

T == Pre-Session Type
end (termination)
| X (variable)
| pla.T (output)
| w?a.T (input)
| TaT (internal choice)
| T+T (external choice)
| rec X.T (recursion)

session type
» end

> @iGI p,'!a,'. T,' and Vi,j € I we have that p;!a; =p;la; implies i =j and each Tj is a session type
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Session types

Syntax of session types

T == Pre-Session Type
end (termination)
| X (variable)
| pla.T (output)
| w?a.T (input)
| TaT (internal choice)
| T+T (external choice)
| rec X.T (recursion)

session type

» end

> @iel p,'!a,'. T,' and Vi,j € I we have that p;!a; =p;la; implies i =j and each Tj is a session type
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Session environments
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Session types

Session environments
{pi: Titics
reduction of session environments

Bs{p: @jc/pila. THWA — (p—5p):Bs{p: TIIWA  (ken)
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Session environments
{pi: Ti}ies
reduction of session environments

Bs{p: @ie/pilai THEA — (p"5pe):Bs{p: TkIWA  (ke))
B::(p;ﬁp);elg{p:ZjeJnj?aj.D}&JA TP, Be{p: Tx}WA

ked ax=a
me={pilicl}
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Session types

Session environments
{pi: Tities
reduction of session environments

Bs{p: @ic/pilai WA — (p—Spi):Bs{p: TH}WA  (kel)

T—
B::(p;—a>p),-e/;{p:Zjejm?aj.'l}}LﬂA Tk P, Be{p: Tx}WA
ked ax=a
me={piliel}

A ={p:rec X.(qla.X®qlb.end), q:rec Y.(p?a.Y +p?b.end)}

e3A — p—a>q$A
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Session environments
{pi: Tities
reduction of session environments

Bs{p: @ic/pilai WA — (p—Spi):Bs{p: TH}WA  (kel)

T—
B::(p;—a>p),-e/;{p:Zjejm?aj.'l}}LﬂA Tk P, Be{p: Tx}WA
ked ax=a
me={piliel}

A ={p:rec X.(qla.X®qlb.end), q:rec Y.(p?a.Y +p?b.end)}
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Session types

Session environments
{pi: Titier
reduction of session environments
Bs{p: @®icpilai. Ti}WA — (p LN pk):Bs{p: Tk }WA  (kel)
B::(pi—p)ici3{p 1 Ljes w73 T} WA Bs{p: Tk} WA

ked ax=a

me={pili€l}
A ={p:rec X.(q!la.X®qlb.end), q:rec Y.(p?a.Y +p?b.end)}
A'={p:end, q:rec Y.(p?a.Y +p?h.end)}
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Tk —P
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p—2sq30
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Session types

Session environments
{pi: Titier
reduction of session environments
Bs{p: @®icpilai. Ti}WA — (p LN pk):Bs{p: Tk }WA  (kel)
B::(pi—p)ici3{p 1 Ljes w73 T} WA Bs{p: Tk} WA

ked ax=a

me={pili€l}
A ={p:rec X.(q!la.X®qlb.end), q:rec Y.(p?a.Y +p?b.end)}
A'={p:end, q:rec Y.(p?a.Y +p?h.end)}

a
Tk —P

a
=5
esA — p-—rqsA T esA

b
pi>q;A’ LERAN €3{p:end,q:end}
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Session types
Traces of session environments
Ais a live session if £3A =2 B3 A’ implies
BsA' £ €5{pi : end};cs for some y
stronger than progress
=] = - = = o

On Global Types and Multi-Party Sessions

T




Global types and session types Projections Related approaches

0000 000000 [e]
0000 [e] (e}
ele] ] O O

:

Session types

Traces of session environments

A is a live session if €3A =2 B3 A’ implies
BsA =% €3{pi :end};cs for some y

w(A) def {p|esA 2 es{pi:end}ic;} if Alis a live session

otherwise
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Session types

Traces of session environments

Ais a live session if £3A == B3 A’ implies
BsA’ LA €3{pi :end};cs for some y

tr(A) =

def | {@ ] €A SN es{pi:end}ic;} if Alis a live session
0 otherwise

tr({p: rec X.(q!a.X@®q!b.end), q:rec Y.(p?a.Y +p?b.end)}) =
a % b
w((p—aq)p—9)
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Session types

Traces of session environments

Ais a live session if £3A == B3 A’ implies
BsA’ LA €3{pi :end};cs for some y

def | {@ ] €A SN es{pi:end}ic;} if Alis a live session
tr(A) = 0

otherwise

tr({p: rec X.(q!a.X@®q!b.end), q:rec Y.(p?a.Y +p?b.end)}) =
a % b
w((p—aq)p—9)

tr({p:rec X.q'a.X, q:rec Y.p?a.Y})=0
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Outline
Projections
Semantic projection
Algorithmic projection
Kleene star and recursion
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Semantic projection

Traces of global types and session environments
first try (too strong condition):
tr(¢) = tr(A) does not allow to project 4 A%
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Semantic projection

Traces of global types and session environments

first try (too strong condition):
tr(¢) = tr(A) does not allow to project % A%

second try (too weak condition):
tr(¢) C tr(A) looses the exhaustivity property

{p:qla.end, q:p?a.end} would implement p 5 qVp LN q
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Semantic projection

Traces of global types and session environments

first try (too strong condition):
tr(¢) = tr(A) does not allow to project % A%

second try (too weak condition):
tr(¢) C tr(A) looses the exhaustivity property
{p:qla.end, q:p?a.end} would implement p 5 qVp LN q
tr(A) Ctr(4) Ctr(A)°
ALY

Lo %f {a1---an | there exists a permutation ¢ such that 05 (1) - O (pn) € L}
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Semantic projection

Traces of global types and session environments
first try (too strong condition):
tr(¢) = tr(A) does not allow to project % A%

second try (too weak condition):
tr(¢) C tr(A) looses the exhaustivity property
{p:qla.end, q:p?a.end} would implement p 5 qVp LN q
tr(A) Ctr(4) Ctr(A)°
ALY

Lo %f {a1---an | there exists a permutation ¢ such that 05 (1) - O (pn) € L}

tr(A) C tr(¥): every trace of A is a trace of & (soundness)
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Semantic projection

Traces of global types and session environments

first try (too strong condition):
tr(¢) = tr(A) does not allow to project % A%

second try (too weak condition):
tr(¢) C tr(A) looses the exhaustivity property
{p:qla.end, q:p?a.end} would implement p 5 qVp LN q
tr(A) Ctr(4) Ctr(A)°
ALY

Lo %f {a1---an | there exists a permutation ¢ such that 05 (1) - O (pn) € L}

tr(A) C tr(¥): every trace of A is a trace of & (soundness)

tr(¢) C tr(A)°: every trace of ¢ is the permutation of a trace of A
(completeness) e
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AFG > A
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Semantic projection
:

Projection rules |

A9 > A
(SP-Skip)
Al skip > A
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Projection rules |
A-9G > N
(SP-Skip)
Al skip > A
(SP-Action)

{pi: Titierw{p: TYWAF{pi}ics —=p & {pi:pla.TitieyW{p: {pi}ici?a.THUA
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Projection rules |
A-9G > N
(SP-Skip)
Al skip > A
(SP-Action)

{pi: Titierw{p: TYWAF{pi}ics —=p & {pi:pla.TitieyW{p: {pi}ici?a.THUA

{p:end,q:end}Fp-25q > {p:qla.end, q:p?a.end}
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Semantic projection

Projection rules |

A9 > A
(SP-Skip)
Al skip > A

(SP-Action)
{pi: Titicrw{p: TYWAF {pi}ics > p > {pi :pla.Ti}ic)W{p: {pi}ics?a. TIW A
{p:end,q:end}Fp-25q > {p:qla.end, q:p?a.end}
(SP-Sequence)
A9 > N A9 > A
A Fgl;gg > A"
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Semantic projection

Projection rules Il

(SP-Alternative)
Al—glb{p:Tl}LﬂA, Al—g2>{p:T2}H'JA,
A-AVGD > {p: T1® TQ}&JA,
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0000 00@000 o
0000 o

(e}
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:

Semantic projection

Projection rules Il

(SP-Alternative)
Al—glb{pZTl}H'JA, Al—gzb{p:T2}&JA,
A-AVGD > {p: T1® TQ}H’JA,

Aol—pi>q > {p:qlaend, q: T} Aol—pi>q > {p:qlbend,q: T}
Ao I—pi>q\/pi>q > {p:qla.end®qlbend, q: T}
Ag={p:end,q:end} T =p?a.end+p?b.end
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Semantic projection

Projection rules Il

(SP-Iteration)
{pTheT}wAFY > {p: T1}WA
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Semantic projection

Projection rules Il

(SP-Iteration)
{pTheT}wAFY > {p: T1}WA
{p: LHIWAFG > {p: 1@ T2}WA

{p: TleaTz,q:S}Fpi)q_ > {p: T1,9:S}
{p:T2.q: S} (-2 q) > {p: T1® T2, q:5}

T1 =qla.rec X.(qla.X @ q!b.end)
T, =q!b.end
S=rec Y.(p?a.Y +p?b.end)
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Semantic projection

Projection rules IV

(SP-Subsumption)
A+Y > N 9 <Y

A" < A/

A+Y > A"
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:

Projection rules IV

(SP-Subsumption)
A > A <y AN
AFG > A

subsumption on global types

[m] = =
;
On Global Types and Multi-Party Sessions

T

DA




Global types and session types

Projections Related approaches
0000 0000e0 o
0000 o oo
000 e) e)
:
Semantic projection
:

Projection rules IV

(SP-Subsumption)

A9 > N 9 <9 A" <A
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Projection rules IV

(SP-Subsumption)
A9 > N 9 <Y AT <N
A+Y > A

a b a b
P—qr—s<p—qAr —s
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Semantic projection

Projection rules IV

(SP-Subsumption)
A9 > N 9 <Y AT <N
A+Y > A

a b a b
P—qTr—s<p—>gqATr —s
p—a>q;ri>s<(pi>q;ri>s)\/(ri>s;pi>q)

b . a b b . a b . b
r—p(p—qvp—q<(r—pp—qV(r—pp—9)
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Semantic projection

Projection rules IV

(SP-Subsumption)
A9 > N 9 <Y AT <N
A+Y > A

a b a b
P—qTr—s<p—>gqATr —s
p—a>q;ri>s<(pi>q;ri>s)\/(ri>s;pi>q)

b . a b b . a b . b
r—p(p—qvp—q<(r—pp—qV(r—pp—9)
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Projection rules IV

(SP-Subsumption)
AFY > N 9 <Y A <N
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Main results

9 is well formed if @;m 25 p; 7' LN P v e tr(¥) implies either
pen’'U{p'} or ;7 i>p’;7z:i>p;l//€tr(€4)
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Semantic projection

Main results

9 is well formed if @;m 25 p; 7' LN P v e tr(¥) implies either
pen’'U{p'} or ;7 i>p’;7‘l:i>p;l//€tr(%)

If 4 is well formed and ¥4 > A, then A < ¥
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Semantic projection

Main results
9 is well formed if @;m 25 p; 7' i>p’; y € tr(¥) implies either
pen’ U{p’} or (p;ﬂ’i>p’;ni>p;l//€tr(%)
If 4 is well formed and ¥4 > A, then A < ¥

» No sequentiality: A : A < ¥ and A : tr(¥) C tr(A) C tr(94)7*
L# is the smallest well-formed set such that L C L#
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Semantic projection

Main results
9 is well formed if @;m 25 p; 7' i>p’; y € tr(¥) implies either
pen’ U{p’} or (p;ﬂ’—b>p’;7r—a>p;l//€tr(%)
If 4 is well formed and ¥4 > A, then A < ¥

» No sequentiality: A : A < ¥ and A : tr(¥) C tr(A) C tr(94)7*
L# is the smallest well-formed set such that L C L#

» No knowledge for choice:
A () Cu(A) Ctr(9)* and 3A : r(¥) C tr(A)
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Semantic projection

Main results

9 is well formed if @;m 25 p; 7' i>p’; y € tr(¥) implies either
pen’ U{p’} or (p;n’—b>p’;7ri>p;l//€tr(%)

If & is well formed and F¥4 > A, then A < ¥4

» No sequentiality: A : A < ¥ and A : tr(¥) C tr(A) C tr(94)7*
L# is the smallest well-formed set such that L C L#

» No knowledge for choice:
A () Cu(A) Ctr(9)* and 3A : r(¥) C tr(A)

» No knowledge, no choice: A : tr(¥4) C tr(A)
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Algorithmic projection

Projection rules

no subsumption on session environments
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Algorithmic projection

Projection rules
no subsumption on session environments

(AP-Alternative)
A"aglb{piTl}&JAl Al—agzb{piTz}&JAz
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Algorithmic projection

Projection rules
no subsumption on session environments

(AP-Alternative)
A"aglb{piTl}LtJAl Al—agzb{piTz}H’JAz
AR 4V > {p: T1® Tz}Lﬂ(A]_/X\Az)

(AP-Iteration)
{p: X3wipi: XiticiFa ¥ > {p: S}wipi : Siticy
{p: THo{pi: Titic)WAFa 9" > {p:rec X(T&S)}w{p; :rec Xp.(T; M S;)}ic v
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Algorithmic projection

Projection rules
no subsumption on session environments

(AP-Alternative)
A"aglb{piTl}H'JAl Al—agzb{pZTQ}L'HAQ
AR 4V > {p: T1® T2}L‘U(A]_/X\A2)

(AP-Iteration)

{p: X}u{pi: Xitict Fa ¥ > {p: S}{p; : Si}iecs
{p: Tho{pi: Titic)WAFa 9" > {p:rec X(T®S)}w{p;:rec Xp.(T; MS;)}ic

no subsumption on global types: A-types must be eliminated
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Algorithmic projection

Projection rules
no subsumption on session environments

(AP-Alternative)
A"aglb{piTl}LﬂAl AFagQD{pZTQ}LHAQ
AR 4V > {p: T1® TQ}Lﬂ(Al/X\A2)

(AP-Iteration)

{p: X}u{pi: Xitict Fa ¥ > {p: S}{p; : Si}iecs
{p: Tho{pi: Titic)WAFa 9" > {p:rec X(T®S)}w{p;:rec Xp.(T; MS;)}ic

no subsumption on global types: A-types must be eliminated

4 <9 is decidable by the decidability of the Parikh equivalence on
regular languages
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k-Exit lterations

handover handover ., . bailout handover bailout
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k-Exit lterations
handover handover ., . bailout handover bailout
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Kleene star and recursion

k-Exit lterations

handover handover . .  bailout handoyer bailout
(p = — p)i(p —
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handoyer handover o, bailout bailout
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Kleene star and recursion

k-Exit lterations

handover handover ., . bailout handoyer bailout
— p)i(p —

(P — a9
(G,.... %) (¥.,....9))

handoyer handover o, bailout bailout
I — p)7(p — — p)

) )

p : rec X.(q'handover.(q?handover.X + q?bailout.end) & q! bailout.end)
q:rec Y.(p?handover.(p! handover.Y @ p!bailout.end) + p?bailout.end)
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Outline

Related approaches

Sessions and Choreographies
Automata

Cryptographic protocols
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Sessions and Choreographies

Honda Yoshida Carbone Bravetti Lanese Zavattaro

Contract-Driven Implementation of

Choreographies*
Multiparty Asynchronous Session Types Masio Bravet,Tvun Lanese, and Ginahigi Zavastaro
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Automata

MSG of the seller-buyer protocol

buyer || seller
quit
buyer || seller buyer || seller - -
descr offer
price price ) .
b
- a» - a» [buyer || seller
accept
al a
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| Automata
CFMs implementing the seller-buyer protocol
buyer?accept

buyer!price

buyer!descr

start

buyer?offer

buyer?quit

buyer—seller [ [ [ [ [ [ | seller—buyer [ [ [ [ [ []

sellerlaccept
seller?price

start

seller!offer

sellerlquit
(=] = = = = o
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Cryptographic protocols

Kao Chow protocol in WPPL

1 (spec ([a (a b s kas) (kab)]

2 [b (b s kbs) (kab)] [s (a b s kas kbs) (1)

3 [a->s : a, b, na:nonce]

4 [s ->b : |a, b, na, kab| kas, |a, b, na, kab| kbs]
5 [b ->a: |a, b, na, kab| kas, |nal kab, nb:nonce]

6 [a ->Db : |nb|l kab] .)
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