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LECTURE PLAN

1. Asynchrony and Session Types

2. Exceptions and Session Types <«

3. Multiparty Session Types

v

e Motivations
e Syntax and Semantics

e Typing Rules




WHY TYPES?

Types are about language primitives [...], they get associated
directly with the languages.

[...]basic idea of types should be very weak: for example, if
we have session-based primitives and we do not have
session types, then they can have a constructor error. Same

with Java types, same with ML types.

But this is not only about safety, this is about how we
conceive the basic dynamics of programming languages.

-- Kohei Honda
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NOTATION

Term Symbol | Note
Public channels (or shared or service channels) | a, b, . ..

Session channels ks t-r

Polarised Session channels K, A kely 5}
Variables Xy o

Process Term Variables XoF

Public channel or Variable 0l
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P =

SYNTAX FOR SESSIONS

'a(s). P

a(s). P

s?(x). P

sl<e>. P

s? ((x)). P
SI<<§’>>, P
st £l P

g P
(va)P/(vs)P
PO

if ¢ then P else P
0

nx. P

X

(service)
(request)
(input)
(output)
(session rec)
(delegation)
(branch)
(select)

(res)

(par)

(cond)
(inact)

(rec)
(recVar)
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ASYNCHRONY&SESSIONS

Why asynchronous?




ASYNCHRONY&SESSIONS

Why asynchronous?

Reality is mostly asynchronous !!!




ASYNCHRONY&SESSIONS

e First proposed by

- Neubauer, Thiemann [Unpublished]

® Adopted by several people:

- Gay&Vasconcelos, Singularity, etc.

® We shall use it today!




s?(x). sl{e).t!{e").0

Synchronous:

Thursday, June 4, 2009



Synchronous: s7(x).sl{e).t!(e').0
—
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Synchronous: s7(x).s!(e).tl{e").0
—
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ASYNCHRONY IN THE 7-CA L CULLS

Synchronous: s7(x).sl{e).tl(e').0
O |

Asynchronous: s?(z). (sl{e).0 | t!(e’).0)
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ASYNCHRONY IN THE 7-CA L CULLS

Synchronous: s7(x).sl{e).tl(e').0
O |

Asynchronous: s7(x). (sl{e).0 | t!(e’).0)

Outputs don’t have successors (no prefixing)




W

IAT ABOUT SESSION (TYPES)?

Synchronous Case.

Type: | (int). | (bool). T (string)

Processes : a(s).s?(x).s?(y). sl {x + 1)

a(s).s!(b).sl{true).s?(z)
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als).s!(b). sl{(true). s?(2)
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WHAT ABOUT SESSION TYPES?

Asynchronous Case.

Type: | (int). | (bool). T (string)

Processes : a(s).s7(x). s?(y). s! (true + 1)
—
(vs) |

5(3).(& | s!{true) | s?izi)




WHAT ABOUT SESSION TYPES?

Asynchronous Case.

Type: | (int). | (bool). T (string)

Processes : sl (true + 1)
—
(vs) |

(s1(5) | | 52(2) )




WHAT ABOUT SESSION TYPES?

Asynchronous Case.

Type: | (int). | (bool). T (string)

Processes : a(s).s?(x).s7(y). sl (true + 1)
(vs) |

a(s).( sl(5) | sl(true) | s?izi)

Il Need to preserve ordering !!!




QUEUES: SYNTAX

T (message list)




L —cih 1

1 Side —

QUEUES: SYNTAX

hichor o h v il

(message list)

— out side




QUEUES: SYNTAX
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1 Side —

option 1:

hichor o h v il — oyt side

s I (simple channel queue)
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QUEUES: SYNTAX

P (message list)
in side — hiithg .. ithpq it Ay — out side
optionl. - s I (simple channel queue)
option2: k—F&:L (polarised queue)
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QUEUES: SEMANTICS

ke).P | k—=kK:L — P | k—>r:(v:lL) el v
G PEE——
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QUEUES: SEMANTICS

ke).P | k—=kK:L — P | k—>r:(v:lL) el v
G PEE——

kR—k:(va:Ll) | klx).P — FR—k:L | P{v/x}

a(s). P | a(s).QQ —

sl |0 [ s = s F | & — o




BACKTO T

€ EXAMPLE

Type: | (int). | (bool). T (string)

Processes : a(s).s?(x).s?(y). sl {x + 1)

a(s).s!(b).sl{true).s?(z)




BACK TO THE XA MPIE

Type: | (int). | (bool). T (string)

s Nx).s (y).s Wx+1)

S+!S5Z. s+§true?. S+sz=

_|_

| 5T st e | sT 5T re




BACKTO T

€ EXAMPLE

Type: | (int). | (bool). T (string)




Type :

BACK TO THE XA MPIE

| (int). | (bool). T (string)




Type :

BACK TO THE XA MPIE

| (int). | (bool). T (string)




EXCEPTIONS




“An Exception is a person or thing that is
excluded from a general statement or does not

follow a rule” (Mac Dictionary)

e “Exception (handling) is a programming
language construct or computer hardware
mechanism designed to handle the occurrence
of some condition that changes the normal
flow of execution.” (Wikipedia)
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EXCEPTIONS, LITERALLY...

“Exception (handling) is a programming
language construct or computer hardware
mechanism designed to handle the occurrence
of some condition that changes the normal
flow of execution.” (Wikipedia)
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EXCEPTIONS, IN GENERAL

try { /* Default Code */ }
catch{ /* Handler Code */ }

[f an exception is thrown by the default
code then the handler is executed.

Exceptions are thrown with a special
command throw




EXCEPTIONS & SESSIONS

What if apply this idea to sessions?

try { /* Default Interaction */ }

catch{ /* Handler Interaction */ }




What if apply this idea to sessions?

Graphically...




EXAMPLE: ASYNCH ESCAPE

Buyer

Buyer

invoke serv@Seller(s);

try {
quote ,uX.

5 s7(y).
if (ok(y)) then throw else X

}

catch {s!{card). s?(y) }

serv@Seller




EXAMPLE: ASYNCH ESCAPE

Buyer
Buyer
o invoke serv@Seller(s);
try {
quote ,LLX.
g s7(y).
if (ok(y)) then throw else X
hur |
o catch {s!(card). s?(y) }

>

conf




EXAMPLE: ASYNCH ESCAPE

Seller
Seller
serv@Seller service serv(s) {
quote try {
@ pX
\ sl{quote). X

catch {s?(x).s!(conf) }

}




EXAMPLE: ASYNCH ESCAPE

Seller
Seller
serv@Seller service serv(s) {
quote @ try{
X,
} sl{quote). X
;
catch {s?(x).s!(conf) }
carde s }
conf




INTERACTIONAL €EXCEPTIONS

The mechanism above is called Interactional Exception

It is very hard to implement with branching/
selection (especially having asynchrony)

Is it useful? => appears in many financial protocols!
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EXAMPLE

Buyer
serv@QBroker
id
quote
>
e
card
>

2 conf
+

9

I

: NeSTED €SCAPE

Buyer

invoke serv@Broker(?);

t?(y).
if (0k(y)) then throw else X

}

catch {
i theard) 1)
12 : Pabort

}




EXAMPLE: NESTED €SCAPE

Broker

e e
serv@Broker service serv(t) {
id try (¢) { .
. serv@Seller T (Qj) ,
quote heokos if bad(x) then throw else

cateh { i1 P |

;




™ -

-

EXAN\PLE

serv@Broker
id
- e .serv@Seller
1 uote
quote 9

Cch @

\ 4

NESTED ESCAPE

Broker

service serv(t) {

v

try (¢) {

L)

if bad(x) then throw else

;




EXAMPLE: NESTED €SCAPE

Broker
Broker
serv@Broker service serv(t) {
= try (¢) {
______ ‘serv@Seller t7<gj)
' | quote Sl if bad(z) then throw else

invoke serv@Seller(s);

: try (t,s) {
| B Sell
: - X sty = 10700 X

catch vl - twmd . =1

> catch { t>1>. P, __. }

®




EXAMPLE:

Broker

serv@Broker

1d

‘ serv@QSeller

card

quote

quote <:::L
\

NESTED ESCAPE

Broker

service serv(t) {
try (t) {

-

conf

card

<

conf

<

\ 4

L)

if bad(x) then throw else

invoke serv@Seller(s);

try (¢,s) {
i sldazl)

thx + 10%). X
catch { t> ;. ...fwd...

}

catch 1 Lﬁ?’%ﬁr& :

|-

=




EXAMPLE:

Broker

N B eSS

NESTED ESCAPE

Broker

Service Qp\_rv(t) {

e

Terminology. This is called refinement.

.

\1L4I.\J |

quote U
\

if bad(z) then throw else

invoke serv@Seller(s);

- - try (t,s) {
B Sell
e pX. s?z). thx + 10%). X
card -
- conf o cont catch { t>0;. ... twd... }
catch bR z
v v




m-CALCULUS WITH SESSIONS

P:= :a(k).P
a(k). P
K?(x). P
Kl<e>. P
K>{li:Pi}
K= | P

(va)P/(uk)P

PlQ

if e then P else P

0
uX. P
X

(service)
(request)
(input)
(output)
(branch)
(select)
(res)
(par)
(cond)
(inact)
(rec)
(recVar)




m-CALCULUS WITH SESSIONS

P = —af)

—afP-

(servicel—
\
(

K?(x). P
Kl<e>. P

K=£li:Pi}

K<|.P

(va)P/(uk)P

PlQ

if e then P else P

0
uX. P
X

(request)—
(input)
(output)
(branch)
(select)
(res)
(par)
(cond)
(inact)
(rec)
(recVar)




(a)P/(uk)P (res)

PO (par)
if e then P else P (cond)
0 (inact)
puX. P (rec)

X (recVar)




REFINEMENT AND OTHER
ASSUMPTIONS

Syntactic Assumptions. In order to have consistent operational semantics, we stipulate
the following syntactic constraints:

1. (Consistent Refinement) given c(A)[k, P, Q], for each ¢’(X)[K, P, Q'] occurring in
P and any «; € k, we have «; € k¥’ implies k C k¥’ (for consistent refinement). Fur-
ther, such a refinement never occurs inside a handler (otherwise we have ambiguity
when launching a handler);

2. recursions is guarded, i.e. P in uX. P is prefixed by an input, output, branch, select
or conditional; moreover, a free term variable never occurs free in c(A)[k, P, O];

3. the term (accept) never occurs under an input/output/recursion prefix nor inside a
default process or handler thus protecting its availability from exceptions;

4. throw never occurs inside a handler hence preventing a handler from throwing a
further exception in the same session.
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REFINEMENT AND OTHER
ASSUMPTIONS

Syntactic Assumptions. In order to have consistent operational semantics, we stipulate
the following syntactic constraints:
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a0k,  bWDP, 01 @




REFINEMENT

awlk, bWDIkD,P.01 @

b, P, O




REFINEMENT

awlk, bWDIkD,P.01 @

/

-
F <

b, P, O







REFINEMENT (2)

a(w)[(m, &), BV INK), P, Q). (@

(k&) £ A K)




SEMANTEICS: RUN-TIME SYNEAX

Technically challenging - hard to preserve session structure

We wish to have asynchronous ordered communication!

We need to have a run-time syntax which extends the static

one as follows:

try{P} catch{k: Q!}
REQS

K‘—>¢E:L

(vs)P

(try-catch)
(wrap)

(queue)

(res)
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SEMANTICS: SESSION INIT

as)[B@ | Cla)rPLe))




SEMANTICS: SESSION INIT

!a(s)[P, | ] 6(8)[/%713’»] |

—

la(s)[P.Q)] |
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SEMANTICS: SESSION INIT

a(s)[PQ | Cla(s)[ P QI |

try{P} catch{s™ : @} |
a(s)[P.Q] | (vs) C| try{P"} catch{x : @} ] |

S_%OS_FZG‘




SEMANTICS: SESSION INIT

a(s)[PQ | Cla(s)[ P QI |

try{P} catch{s™ : @} |
a(s)[P.Q] | (vs) C| try{P"} catch{x : @} ] |

S_%OS_FZG‘

s+;>03_:e




WHY WRAPS?

tryl P tryl Pleatch{ X' 0O '} eateh |2 (O }
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WHY WRAPS?

try!l P litryi Pleatch ) 0O} | eateh | 5 (O |
® P throws an exception

teyl P | 0 % cateh (¢ O )

® P’ throws an exception

® What happens to Q?




WHY WRAPS?

try!l P litryi Pleatch ) 0O} | eateh | 5 (O |
® P throws an exception

teyl P | AEO L cateh e () )




NMETA REDUCTION

When a process must be suddenly terminated, Meta
Reduction will take care of:

1) propagation (partly)
1) wrapped processes

Meta reduction is a relation on processes:

F iP5

where
1) S is a set of session names (keep track of propagation)
i) P’ contains wraps only (in parallel and/or nested)
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NAETXAN REDUCTION (2)

Some rules:

P (PS5




NAETXN REDUCTION (2)

Some rules:

P (PS5

try P\ catchi{r - Q) ~ (GIOL | P Siis)




NAETXN REDUCTION (2)

Some rules:

P (PS5

try P\ catchi{r - Q) ~ (GIOL | P Siis)

RAQE N (REQ} , 0)




EXAMPLE OF META REDUCTION

tryl throw | tryl P lecatch{): Q| | ecatchik: O}
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throw | try{ P } catch { \: Q }




EXAMPLE OF META REDUCTION

tryl throw | tryl P lecatch{): Q| | ecatchik: O}

e if throw is exec then we must deal with

throw | try{ P } catch { A: Q }

e we get (i) something from P and AM{Q}}
¢ and (ii) we must propagate over \

(e | Aol 1)
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SEMANTICS (3): THROW

try{{P]} catch {{NE—. . (&]S)

try{ throw | P } catch {k,&" : Q} |k o K:L | K —g & : L’




SEMANTICS (3): THROW

try{{P]} catch {{NE—. . (&]S)

try{ throw | P } catch {k,&" : Q} |k o K:L | K —g & : L’

R|lk—oR:(T:L) |k —o& :(f:: L")




SEMANTICS (3): THROW

try{{P]} catch {{NE—. . (&]S)

try{ throw | P } catch {k,&" : Q} |k o K:L | K —g & : L’
/431‘—>/i_12L1‘ |/in‘—>mILn

7 for all k; € .S
R|lk—oR:(T:L) |k —o& :(f:: L")

kK1 —Ry:(fT=Ly)| oo | Bp—=Fp: (] Ln)

Process|P/may contain other try catch blocks!
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SEMANTICS (4): RTHROW

try{{P]} catch {{EE—. . (&]S)

try{P} catch{k, & : Q} | K —or:(L" =:9) | k=0 F:L |k —oF : L




SEMANTICS (4): RTHROW

try{{P]} catch {{EE—. . (&]S)

try{P} catch{k, & : Q} | K —or:(L" =:9) | k=0 F:L |k —oF : L

R|E—1k: L' |k—oR:(f=L) |k —o& :(f::L)




SEMANTICS (4): RTHROW

try{{P]} catch {{EE—. . (&]S)

try{P} catch{k, & : Q} | K —or:(L" =:9) | k=0 F:L |k —oF : L
K1 ‘—>li_12L1‘ |lin‘—>/§3—nILn

E for all k; € .S

R|E—1k: L' |k—oR:(f=L) |k —o& :(f::L)

K1 =Ry :(TaLy)| .. | bp = Fn: (T Ly)




STRUCTURAL CONCGK.

lek=>T¢L)

try{PIﬂ%wﬁ:L}catch{k: Q} = try{ P} catch {k : Q}|/1;>¢§:L

Pl Ad—>sA:L} = KPPl A—>4sA:L  (1¢K)
/?{[PBlE,-;)(pK,-:L = I?{[Plzi;)¢_1Ki:LB

try{(va) P}catch{k: Q} = (va) try{ P} catch {k : O} (a ¢ fn(Q))
k{(va) P} = (va) k{P]
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EXAMPLE

try{ throw | «!(5) }catch {x: «k!{(tt)} |k —¢ Kk : €]
try{ throw | k?(x) }catch {k: k?(x)} |k<—¢k:€

—

kKt [k =0 k2 T
try{ throw | «<?(x) }catch {k : k?(x)} |k >k : €

—

K[O] | k 5o k& (Tt 2 1) |
try{ throw | k2(x) } catch {x : K2(x)} | K =0 K : €




EXAMPLE

K{Of} | k —¢ k: (£t 2 T) ]
try{ throw | k?(x) } catch {k : k?(x)} | Kk —¢ Kk : €

>

KO | k = k: tt | kK7 |k =0 k= T

>

KO} |k =1 k: €| k= k:tt ]| «{c(x)]}




OTHER. RULES

KO} | k; —o ki : (L::v) — KO} | k; —0k;: L

KO}l ki —=oki: (L::F) — KO} ki —1k: L




SESSION TYPES

The grammar extends standard session types:

L@.a| TO.a| ©{i:ailier | &{li: ailicr | B} | end | ut.a | t
(afB]}) | bool | ...

a,B
0 .




SESSION TYPES

The grammar extends standard session types:

L@.a| TO.a| ©{li: ailia | &ll;i:ailicr | B} | end | ut.a | t

a,B
0 = (afB]}) | bool | ...

try-catch type Y {[ﬂ ]}

try{P} catch{k : Q}




Judgements

1 - P - A

where
e [" contains shared types
® A contains session/queue types
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SESSION TYPES (2)

ey WAL SRR ; Sl L b s B PN L S ol A Rl i) B L s i G e a0 TR A T T o 505, B e i Yo e
Ko o BB g PPN WS L - e g A e R R i e a2 S L S RS e S SR A R r:'?’v‘- R o e R SR e e St A e R e A

]ud ements
: FLEP B A

vy
X

B ?}"o*";‘

where
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A — s 00 o A G B e e sapr =2 e R 5 s = -‘ WA
R PN g N S = e | G S SO g VR R S e G AR £

Judgements
; FLEP B A

where

e try catch{.} b e (/43 D Oé{{ﬁ}}j




DRI 5 5 R N T S i A e e p i TS R B o T a5 0P _...: ...g -‘wi:;-i“i. e Lari SRR g s € 2

]uagements
s o

where

@
e try catch{.} b e (/43 D Oé{{ﬂ}}j




SESSION TYPES (2)

.:_v_'z}-,nv w’k_* ‘Q _,,', ‘ ﬁ TP S S 3 'r -

nqu-«\ --Q\‘Im -»fl—sfc.r_u_m 7»..4-/’ MM-&, &MW »»-4« JM&' oS Y

Judgements
- PP

where

P H@) > (m o B PHP e A (55 a{(BY
o try catch{.} > A (/i D Oé{{ﬂ}}]

all protected (“p”)inA - oE{p,u}




TYPING RVULES

tv(I') =0 «; € {end, end{5;]}}

Ia:{a{B]}) + P> A
'+ (va) P> 4




TNVPING RWULES: INIT

Fl—PDHiKi:gi{[,Ei]}
I"F Q> [k : B sT = K;
Fl‘CI(CVj{[,Bj]}> F,QF,fV(F,):@

I+ e(sHRP Q] > [l ki : @B

I''+ P> s :afB]
'+ 0> s fv(l) =0

I, a:{afBl)F *a(s7)[P, O] > 0




TYPING RULES: IN/OVUT

I'x:0+r P> A-k:«
I' v K7(x). P> A4-k:] (0). a

['Fe:6 ' P> Ad-k:«
I' v kie) . P> A4-k:T(0). @




TYPING RULES: BRANCHING/
SELECTION

' P>A-k:a Viel
I' v k> {l;: Pilic; » 4-k: & : a;li

I |-PI>A°KICL’J'
I F K<llj.P>A°KI@{liiC¥i}iel




TYPING EXAMPLE

Let's show that:

xchSeller(s™ )|

I - s~ l{quote), > @

s”?(y2).s (time) |

where:

[' = chSeller: T (ent).end {|| (cardt). T (time).end|}




I' =

TYPING EXAXMPLE (2)

xchSeller(s )| fv(I) =0 «; € {end, end{5;]}}

s~ {quote), :
s (y2). s {time) | > @ rr et

k0 s end




TYPING EXAMPLE (2)

xchSeller(s™ )] F're:0 I' - P> Ak«

I - s~ {quote), > @ I'F xklenPoAd-x:T@0) a

s”7(y2).s (time) |

-0 sz end

I seliquoter 0 b = ) @l end




TYPING EXAMPLE (2)

«chSeller(s™ )|

T - s~ l{quote), > @

s ?(y2).s™ (time) |

I'x:0+ P> Ad-k:«
I' v kKN(x).P> A-k:] (0). @

=0 1 s> end

I seliquoter 0 b = ) @l end

B Eess s s ibime i) b7 s==[lecardl ) (time)




TYPING EXAMPLE (3)

I'' v+ P> s :aff]

xchSeller(s™ )|
[ ¢ lauote) > () I'rQv> s :p fv(l) =0
s~ ?(y2). s (time) |
I a: B+ *a(s™)[P, Ol >0

s s2ligquetel 0 b sl ob ot end

P 5o ys). s7ltine) O b 57 [ (cardt): T (time)




TYPING EXAMPLE (3)

xchSeller(s™ )| '+ P> s a/{[lg]}
F I_ s~ !{quote), > @ F - Q > g :ﬁ fV(F) — @

s~ ?(y2). s (time) |
I a:{aiBl) F*a(s7)[P, O] > 0

s s2ligquetel 0 b sl ob ot end

P 5o ys). s7ltine) O b 57 [ (cardt): T (time)

Now we can apply the rule and finally get:

xchSeller(s™ )|

T - s~ l{quote), > @

s” 7(yz).s {time) |
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RESULTS

Theorem (Subject Reduction).
[f N 2] N 1] (R

Theorem (Communication Safety).

Communication Error Example.

ki B vl PolE 0k 5
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RESULTS

Theorem (Subject Reduction).
[f N 2] N 1] (R

Theorem (Communication Safety).

Communication Safe Example.

try{ throw |(«!(5))} catch {« :(x!(tt))}
try{ [(k?(x)) } catch {k :(k?(x))}




EXCEPTIONS: SUMMANRY

Interactional exceptions
Asynchrony and Exceptions

Very “wild” mechanism that can be tamed with
session types

e Still missing bits e.g. delegation (name passing)




EXCEPTIONS, FUTURE WORK

® (extension) a re-try operation in the handler e.g.
try{P}catch { k: try{P’}catchik:Q} }
we would then have nested wrap as
kit kiQji 1
® (extension) multiparty sessions
® (extension) Termination ==> Progress (Concur08)

e integration into WS-CDL ([PLACES08])

o (future work) introduce delegation (very hard):
»liveness?, termination?, etc.
o (future work) exception kinds (e.g. in Java)
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EXERCISES

- Apply the typing rules to examples in the note.

- Prove subject reduction ;-)

['m here until Sunday!




NAULTIPARTY




Bimry SeSSTDn TYPQS ‘ BUyer' Se“e" PMTOCOI
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1§ BINARY €ENOUGH?

Binafy Session T)’PQS : Buyer- Seller Pmrocal

Sellev

O

Buyer

5 tit|e ——d

T String. | Int. & {ok :T String. | Date.end; quit: end}




1§ BINARY €ENOUGH?

Bmary Session T}’PQS : Buyer- Seller Protoce |

Buyer Seller
— title —»
k— quote '
s B ¥ oeveP
brmhch | address
,e._—-dm
L pmme QUTY ~= S0

T String. | Int. & {ok :T String. | Date.end; quit: end}
| String. T Int. & {ok :| String. T Date.end; quit: end}
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1§ BINARY €ENOUGH?

Bn‘nary Sesston Types : Buyer-

branch

Buyer Seller
L title ——d
k— quote

s Bk ¥vve~P
—_— addresg-——-ﬁ
e—dotz
. o =ee QUET - 3

S&’Hf‘y' Pr‘f"'r(( l

P has type o
() has type @

then P | Q is typable

T String. | Int. & {ok :T String. | Date.end; quit: end}
[ String: | Int. & {olc:| String. | Dale end; ~ quit ; end
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A MULTIPARKTY SESSION

Buyeri, Seller Buyer 2

V
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A MULTIPARTY S€SSION

Buyeri, Seller Buyer 2

V




e ‘*’t" RO R A R T s B ) =3 P SR v L Bl % Tt Y e v e St b.'..l D '.. s v IO B Qe s a % s L S o £ S g -
& o L o raa Pt Lo T 2 S - e g S R ‘o el > A\ X S ot 2 4 e e S loae - | > 3 e L |
- & ol g T - WAL o S AR Lt ‘ + . < o ‘ : = . i~
3 b M 3 - TR T Ao T 2 4 & y ; ;
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A DESIGN APPROACH

BL

1. Write a Global Type l j

2. Check Global Type is m

Good

3. Project and Local ﬁ:&k ﬁd‘“v‘ 717 chedk
Type-Check |




m-CALCULUS WITH SESSIONS

P:= :a(k).P
a(k). P
K?(x). P
Kl<e>. P
K>{li:Pi}
K= | P

(va)P/(uk)P

PlQ

if e then P else P

0
uX. P
X

(service)
(request)
(input)
(output)
(branch)
(select)
(res)
(par)
(cond)
(inact)
(rec)
(recVar)




m-CALCULUS WITH SESSIONS

P = —af)

—afP-

(servicel—
\
(

K?(x). P
Kl<e>. P

K=£li:Pi}

K<|.P

(va)P/(uk)P

PlQ

if e then P else P

0
uX. P
X

(request)—
(input)
(output)
(branch)
(select)
(res)
(par)
(cond)
(inact)
(rec)
(recVar)




m-CALCULUS WITH SESSIONS

P = —af) service—
al)l D A
alpl (5). P (accept)
af2.n)(§). P (request)
s7(5). P (session reception)
sI(S). P (delegation)

\.l.\.«\.«/

X (recVar)




SEMANTICS

a[2.n] (8). Py | al21(5). Py | --- | aln] (). Py

— (V) (P | Py | ... Pyl si:€] - |spn:€)




SEMANTICS

a[2.n] (8). Py | a[21(8). Pz | --- | am] (8). Py
= (V) (P Pz |...|Pnlsiie]--]|smi€)
In/Out/Branch/Select/ etc. are similar to the exception case

sie). P|s:L— P|s:(v::L)
sy P|s:L— P|s:(f::L)

Assumption. One session channel per each (ordered) pair of
roles.
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REDUCTION eXAMPLE

Buyer1 def al2,31(by, by, b5, s1, 7). s1!(“War and Peace”).
b, (quote). b,{quote div 2). P,

Buyer2 def ai2] (b1, bs, by, 51, 52). by ?(quote). b, contrib).
if (quote — contrib < 99)
then s, < ok. s,!{address);b,?(x). P,
else s, < quit. 0

Seller def ai31(by, by, b5, s1, 82).  s1title). by, by {quote).
so > {0K: s52(x). by! {date); O, quit: 0}
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REDUCTION eXAMPLE
11" War and Peace”).

Buyeri &'

Buyer2 &'

def
Seller =

b, (quote). b,{quote div 2). P,

b, (quote).  b57(contrib).
if (quote — contrib < 99)
then s, < ok. s,!{address);b,?(x). P,
else s, < quit. 0

- b, by {quote).

so > {0K: $52(x). by! (date); O, quit: 0}
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REDUCTION eXAMPLE

Buyeri &'
b, (quote). b,!{quote div 2). P, by :
def , L. |02
Buyer2 = b,?(quote). b,?(contrib).
if (quote — contrib < 99) b -
then s, < ok. s,!{address);b,?(x). P,
else 5, < CIUit. 0 S1
def 52
Seller = sy 2(title). b, b,!{quote).

so > {0K: s52(x). by! {date); O, quit: 0}

cw&p

Thursday, June 4, 2009




REDUCTION eXAMPLE

Buyeri &'
b, (quote). b,!{quote div 2). P, by :
Buyer2 et b, (quote). b;?(contrib).
if (quote — contrib < 99) b -
then s, < ok. s,!{address);b,?(x). P,
else s, < quit. 0 S1 -
S2
Seller def b1, by {quote).

so > {0K: s52(x). by! {date); O, quit: 0}
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REDUCTION eXAMPLE

Buyeri &'
b, (quote). b,!{quote div 2). P, by
def b2
Buyer2 = b,(quote). b, (contrib).
if (quote — contrib < 99) b -
then s, < ok. s,!{address);b,?(x). P,
else s, < quit. 0 S1 -
S2
Seller €'

so > {0K: s52(x). by! {date); O, quit: 0}

Tquote

Tquote
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REDUCTION eXAMPLE

Buyeri &'
b, (quote). b,!{quote div 2). P, by :
def . ba
Buyer2 = b, (contrib).
if (quote — contrib < 99) b -
then s, < ok. s,!{address);b,?(x). P,
else 5, < CIUit. 0 S1 -
S2
Seller €'

so > {0K: s52(x). by! {date); O, quit: 0}

Tquote
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REDUCTION eXAMPLE

Buyeri &'
b, {quote div 2). P, by :
def ; .
Buyer2 = b, (contrib).
if (quote — contrib < 99) b -
then s, < ok. s,!{address);b,?(x). P,
else s, < quit. 0 S1 -
S9 .
Seller €'

so > {0K: s52(x). by! {date); O, quit: 0}
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REDUCTION eXAMPLE

Buyeri &'
P, by :
def ) | b2
Buyer2 = b, (contrib).
if (quote — contrib < 99) b’2
then s, < ok. s,!{address);b,?(x). P,
else s, < quit. 0 S1 -
S2
Seller €'

so > {0K: s52(x). by! {date); O, quit: 0}

* quote/2
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REDUCTION eXAMPLE

Buyeri &'

Buyer2 &'

def
Seller =

if (quote — contrib < 99)

then s, < ok. s,!{address);b,?(x). P,

else s, < quit. 0

s, > {0K: s,7(x). by! {date); O,

quit: 0}




def
Seller =

\.

Buyer1 «f

Buyer2 &'

if (quote — contrib < 99)

o 106 GERD Ry 0. 0
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G .=

GLOBAL TYPES

p o p:k{(0).G (values)
p—p':kilj: G}y (branching)

G,G’ (parallel)
ut.G (recursive)
t (variable)
end (end)

S | a@p S ::= bool | nat |

.. | AG)
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GLOBAL TYPES: EXAMPLES

Two-Buyers Protocol

Bl — S: si(string). S — Bl:b(int). S — B2:byint). Bl — B2 : bi(int).

ok : B2 — S: s, (string).S — B2: b, (date).end,}

BZ—=S:is {quit - end}




GLOBAL TYPES: EXAMPLES

Two-Br Buyeri' Seller BU)'G"Q-

Bl — ¢ 32 1 b (int).

B2 -




LOCAL TYPES

a = kl@.a | k?7O@).a | kd{l;: a;}ie

| k& {l;: ai}ier | ptoa | t | end

e (almost) standard
® actions labelled with channel to be used.




EXAMPLE

Buyer def al2,31(by, by, b5, s1, 87). s1!(“War and Peace”).

b, (quote). b;\(quote div 2). P,

In the two buyer protocol, write Buyer1 as
alz, 3] (bl, bz, b;, S1, Sz). Q1 and Buyer2 as a2] (bl, [92, b;, S1, Sz). Q2. Then

I'F Q1> 5 s1!(string). by ?int). bJ! (int) @B1
't Qr>§: by (int). b5 7 (int). 5o ® {OK : 5! (string). b,? (date). end, quit : end}@B2
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EXAMPLE

Buyer2 def a(2](by, by, b5, s1,52). by Nquote). by (contrib).

if (quote — contrib < 99)
then s, < ok. s,!{address); b,?(x). P,
else s, < quit. 0

In the two buyer protocol, write Buyer1 as
alz, 3] (bl, bz, b;, S1, Sz). Q1 and Buyer2 as a2] (bl, [92, b;, S1, Sz). Q2. Then

't Q1> 5 s1!(string). by ?int). b ! (int) @B1
I'H Qr > §: by?(int). by 7 (int). so @ {OK : 5! (string). b,? (date). end, quit : end}@B2
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PROJECTION

(k!(0).(G" [p) itp =p; #p2
(p1 = pP2: k(0).G") [p =4 k?(6).(G’ | p) if p = pr # pi
L (G' [p) iftp #p2 AD # Py




PROJECTION

(k!6).(G' [p) ifp=p; #p2

(p1 = P2: k(0).G") [p = { k7(0).(G" [p) If p =D, # P

Gi|p
end

(G1,Gy) [p = {

L (G' [p) iftp #p2 AD # Py

ifpeG;,andp ¢ Gj,i # je{l,2}
ifpé Gyandp ¢ G,
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PROJECTION

(k!(0).(G" [p) itp =p; #p2
(P1 = p2: k(6).G") [p =1 k?(6).(G’ | p) if p = pr # pi
L (G' [p) iftp #p2 AD # Py

G;|p ifpeG;,andp ¢ Gj,i # je{l,2}

(Gl,Gz)fp={end ifpé¢ G,and p ¢ G,

(k& {l;: (G;[D)}jey ifp =p; #p>

k&{l;: (G [P)}jes if p =p> # pi

ck{li: Gi}ic - / / / :

(pl — P2 {] ]}] J) fp ) (|_|ieIGi rp) 1fp D> AD # Dy

| and Vi, j€ 1.G;|p X G;|p
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PROJECTION (2)

Two-Buyers Protocol

Bl — S: si(string). S — Bl:b(int). S — B2:byint). Bl — B2: bi(int).

ok : B2 = S: s, (string).S — B2: b, <date>.end,}

BZ—>Sts {quit - end}

For Buyer2:

by int). b7 int). s, ® {OK : 5! (string). b>? (date). end, quit : end} @B2
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MERGEABILITY&PROJECTION

Mergeability.
Smallest equiv. on local types closed under contexts and s.t.:

Vie(NJ)a XB; Vie \J.VjeJ\I.l; #;
k& {;: ajfier X k& {l;: Bj}es




MERGEABILITY&PROJECTION

Mergeability.
Smallest equiv. on local types closed under contexts and s.t.:

Vie(NJ)a XB; Vie \J.VjeJ\I.l; #;
k& {;: ajfier X k& {l;: Bj}es

Merge.
Partial (on mergeability) operator. It is the identity except from:

k& aitiecr Uk &{lj: Bitjes =
k&l a; U Bitieing Ul aitier ULt Bjtjer)
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MERGING EXAMPLE

) —@: ~1
ok (P2 —(ps3 : kK’ {paymore : ...},
quit :fp2) —(p3): k' {refund : ...}

P1 ko lok: . auit: ...}

|9, k&{ ok: k' & {paymore: ...}, quit: k' & {reject: ...} }

oF k'&{ paymore: ..., refund: ...}




Environments.

I = )

TYPING

L.u > | I X /|

4 =014 5 la@pl

Judgements.

2 |—’PI>A




TYPING R\ULES: INIT

I'ra:{(G) I'PrA5:(G[1)@1 |5| = max(sid(G))
['+aj2.n](s). P> 4

I'ra:(G) I'rFPvrA§5:(Gp)@p |5 =max(sid(G))
[+ alp](5). P> A




TYPING RULES: IN/OVUT

[Lx:S+ PovA-5:a@p
' 5;2A%). PoA-5:k72(8). a@p

Vj.Fl—ej:S]- [+ P>A§(Z@p
F'r ;18P o> A-5:k1(S). a@p




TYPING RULES: DELEGATION

' PoA-§5:a0@p-f:a @p’
' s, 2%). P >A4-5: k(e @p’). a@p

I'r PrAd-5:a@p

't 1. Pod-5:kl{a@p').a@p - f:a’ @p’




TYPING RULES: BRANCHING/
SELECTION

e P.sd-5:0,0p VNjel Ic)
'+ Sk|>{lj: Pj}iEJ DZ’gk&{ll Cl’i}iel@p

I'r Pol 5.0 @p jel
[+ Skﬁlj.P >A-S":k@{li:a,~},~61@p




RESULTS

Theorem (Subject Reduction).
[f U o1l R 1] R

Theorem (Communication Safety).
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NMULTIPAKTY: SUMMARY

v Mu,ﬁ part)' Sesston 7}'[&95
Global Types + Cavsal Analysis t FProjection

2 A
5 2 » £l . I‘

"."Hz‘{.‘:,  QONCICE
Communication Error Freedonn
Sesson Fidelity , Progress in a Sesston

Related Work
Bonelli & Compagnoni TGC'07
Ongoing Work Java with Session Types

W3C CDL (Choreography Description Language)

ISO UNIFI (UNIlversal Financial Industry message scheme)

7
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THE END
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TERMINATION

¢ We may wish to terminate a try-catch block. This
can be useful in many situation, e.g. when having

"7,

the sequence operator “;”:

try {0 }catch{«x:Q }; R — R
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TERMINATION

¢ We may wish to terminate a try-catch block. This
can be useful in many situation, e.g. when having

"7,

the sequence operator “;”:

try {0 }catch{«x:Q }; R — R
¢ But...there is a problem...
try {0 } catch { x: Q } | try { throw } catch { %: Q' }

o [f the rhs disappears before the exception is
thrown, how can we guarantee propagation?
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Consider the caller-callee relation on services (instances)
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Consider the caller-callee relation on services (instances)

Theorem. The graph above is always a tree
(for well-typed processes)

Thursday, June 4, 2009



-

1) the leaves communicate their will to terminate to
their father i.e. there are no active processes
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TERMINATION PROTOCOL

o
/@@

1) the leaves communicate their will to terminate to

their father i.e. there are no active processes




7
>

-

2) when a node receives a request from all children
(and it is willing to terminate), it propagates upwards
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3) when the root collects a request from all its children
then it terminates and sends ack to children




 TERMINATION PROTOCOL
%‘\%‘ \\

4) Each node sends acks and terminates.




4) Each node sends acks and terminates.
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4) Each node sends acks and terminates.
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Theorem (Liveness).
If P is typable and P —* Q then either Q is stable or

Q0

*a process is stable whenever there are no pending
outputs, inputs or try-catch blocks
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