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Agenaa

Processes vs types : an intuition
What can go wrong?

Typing

Sending session types
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Processes Vs types
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else s

: ()
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|'(B,10).s[A|&(C, {l; : P }iecq1,2})
s|B|7(A, x).s|B|I(C, x).Q)
s|C|?(B,y).if (y < 50) then s



Processes Vs types

!<B7 Int> &<C7 {lz : Ti}i6{1,2}>

(vs) s|A]!(B, 10).s[A|&(C,{l; : Pi}z'e{l’Q})

s|B|7(A, x).s|B|I(C, x).Q)

s|C]?(B,y).if (y < 50) then s[C| @ (A,l1).R;
else s|C| @ (A, l5). R

s ()

* send actual value (hopefully well-typed)
* pbranching is very similar



Processes Vs types

2(8, Int). YC, Int).To

(vs) s|A|Y(B,10).s[A|&(C, {l; : Pi}icq1,2y)

s|B|7(A, x).s|B|I(C, x).Q)

s|C|?(B,y).if (y < 50) then s[C| @ (A, l1).R;
else s|C| @ (A, l5). R

s ()

* send actual value (hopefully well-typed)
* pbranching is very similar

e receive actual value (instantiated in the continuation)

* |let sent values depend on previous interactions



Processes Vs types

?(B, Int). & (A, {l; : T} }icg1.2))

(vs) s|AJY(B,10).s[A|&(C, {l; : Pi}icq1,21)

s|B|7(A, x).s|B|I(C, x).Q)

s[C]?(B,y).if (y < 50) then s[C| P
else s|C| @

st ()

* send actual value (hopefully well-typed)
* pbranching is very similar

e receive actual value (instantiated in the continuation)

* |let sent values depend on previous interactions

e how about select?



Wrapping up: processes vs types

e gpecification vs execution
* programs can implement many sessions
* types vs actual values

e non-determinism vs conditional

e delegation (will see...)



Agenaa

Processes vs types : an intuition
What can go wrong?

Typing

Sending session types



What can go wrong”

communication safety
DANGER

communication mismatch &¢ i
POISON

session fidelity

° unexpected behaviour A

progress

deadlock




Communication safety

* [ype errors

* the exchanged data does not have the expected type
slp|?(q,).0 | s[q]!(p, “Apple”).0

e wrong values applies to an operator (e.g., in an
expression)

slp]?(q, z).s'[r]!(s, z + 1).0 | s[q]!(p, “Apple”).0
e |[abel mismatch
slp]&(q, {li : 0}icq1,2.31) | s[a] & (p, 14 : O)



Communication safety

e Linearity errors

slpl?(q,y)-P | s[p]?(a,y')- P

sfp)!(a, v).P | slp]!(q, w).P"

 Would this be bad?

sip|q,v).P | s : (p,q, w)



Progress

* Processes that get stuck



Typing rules
I'EPrA

.

typing environment session environment

service names u : <G> “ongoing” sessions ¢ : T
variables x : S and X : S T



Typing rules
I'FPp> A

typing environment session environment

service names u : <G> “ongoing” sessions ¢ : T
variables x : S and X : S T

'Macc] 'Fu:(G) THFPrAy:Glp
I'Fulpl(y).P> A




Typing rules
I'FPp> A

typing environment session environment

service names u : <G> “ongoing” sessions c : T
variables x ¢: S and X : S T

[Send] [Rev]

I'te: S THEFP>A,c: T I'N'e: SFEFP>A,c: T
I'-clp,e).P>Ac:(p,S). T TFc?(p,x).P>A c:?(p,S)T




Typing rules
I'EPrA

typing environment session environment

service names u : <G> “ongoing” sessions c : T
variables x ¢: S and X : S T

C-PoAc:T, Viel
Tt c&(p,{li : Pi}icr)> A, c: &(p, {li : T;}ier)

[Branch]




Example

A — S: (String).
S — {A,B} : (Int).
A — B: (Int).
B— {S,A}:{ok:B — S: (String).
S — B : (Date).end,
quit : end}
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Example

G | A =18, String). 7(S, Int). (B, Int). &(B,{ok : end, quit : end})

Py, = ylS, “Notes from the Underground’).
y?(Sv zquote)-
Yl (B, Zguote diV 2).
y&(B,{ok : 0, quit: 0})

I' = “Notes from the Underground” : String
' y?(S, X guote)- Py >y :7(S, Int). T,

[Send]
I' - y!(S, “Notes from the Underground”).P, >y :1(S, String).T,



Example

G | A =18, String). 2(S, Int). I(B, Int). &(B, {ok : end, quit : end})

Py, = ylS, “Notes from the Underground’).

Y (Sa xquote)-
Y!(B, ZTguote iV 2).
y&(B,{ok : 0, quit: 0})

[, Zguote : Int = y!(B, Tquote div 2).Fy" >y :I(B, Int).T)"

[Rev]
' y?(S, guote)-Py >y :7(S, Int). T,



Example

G | A =1(8, String). 7(8, Int). (B, Int). &(B, {ok : end, quit : end})

Py, = yUi8S, “Notes from the Underground’).

y?(sa lequote)-
yl(B, ZTguote diV 2).
y&(B,{ok : 0, quit: 0})

L', Zquote © INt ™ Tgyote div 21 Int
I') Zguote = Int = P>y T,"

[Send]
L, Zquote = Int & y!(B, Tquote div 2).P" >y :\(B, Int).T}"



Example

G | A =1(8, String). 7(S, Int). (B, Int). &(B,{ok : end, quit : end })

Py, = yliS, “Notes from the Underground’).
y?(Sv zquote)-
Yl (B, Zguote diV 2).
y&(B,{ok : 0, quit: 0})

[Inact]

[Branch]
I, guote : Int F y&(B,{ok : 0, quit: 0} >y : y&(B,{ok : end, quit : end})

I, quote : Int = 0>y : end I', xquote : Int = 0>y : end




The whole tree

[Inact]
I, Zguote : Int = 0>y : end I', xquote : Int = 0>y : end
[Branch]
I, Zguote + Int = y&(B, {ok : 0, quit: 0} >y : y&(B,{ok : end, quit : end})
[Send]
I, Zguote = Int = y!(B, Touote div 2). P, >y (B, Int).T,"
[Rev]
I' = “Notes from the Underground” : String
I'E y?(S, Zguote)-Py >y :7(S, Int). T,
[Send]

I' - y!(S, “Notes from the Underground”).P, >y :1(S, String).T,



Typing rules

typing environment session environment

h ][1 ‘ _ZC) [> AZQS;"

CFPoAc:T,  jel
I'Fcd <p7 |j>.P[>A,C : @(pa {l’b : T’i}iEI)

[ Sel]

I'Fe:bool THP>A TFHFQE>A
' if e then P else Q> A

[Cond]




Example

I'EPi>y:1Tj 16{1,2,3}

[Sel]
I'Fy®(p,li: P)>y:@(p kit Titicq1,2,3)))
'y & épa 1 : P1§ >y @§P> ?i : Tz’iie{l,Z,S}i%
I'Fy®(p,la: Po)>y: B, 1; i€{1,2,3}
[Cond]

I'Fif 2 >0theny® (p,li : P1) else y @ (p,la: P1)>y: ®(p,{li : Titicq1,2,31))



Typing rules
I'EPrA

typing environment session environment

service names u : <G> “ongoing” sessions ¢ : T
variables x : S and X : S T

[Conc]
'-PrA T'HFQrA" dom(A)Ndom(A") =)
'EFP|Q> A A




Typing rules

typing environment session environment

h ][1 ‘ _ZC) [> AZQS;"

[Det]
I''X:S5t,x:SHEFPpy: T X :SutThHQ>A
I'-def X(x,y) = PinQp> A

[Var]
I'Fe: S A end only

X :STHFX(e,e)pA,c: T




Example (1/2)
derivation with recursive type

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)

X :St,x:SFPpoy:T , X

Let T =!(1,Bool).t
' def X(z,y)

- true : Bool

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

- def X(y,x) =x!{(1,y).X(y,x) in X(true,c)>c: ut.T
from [Yoshida@SFM'14] (lecture slides)



Example (2/2)
derivation with recursive type

I'e: S A end only
X :STHX(e,e)>pA,c: T

where ® is the derivation :

y : Bool Fy : Bool

y:Bool - y:Bool  [X:Bool t,y:Bool - X{y,x)mx: t]

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

Y
\
. o .
3 o )

from [Yoshida@SFM'14] (lecture slides)



The properties more formally

 Subject Reduction
e session fidelity
e communication safety
e error-freedom
e [Inearity
* Progress



Subject Reduction

r-PesA TFHP>A
R
FFP’DA’%FFP’DA

Subject reduction Subject congruence

Yields : Communication Safety & Session fidelity



Progress

CLG|_P1||PnD@

e each role of G is implemented by (exactly one) Pi

* NO name hiding, no starting new sessions

Pi|...| o =7 Q implies either

[Honda, Yoshida,Carbone@POPL'08]

|Coppo et al @CONCUR’08] interaction typing system
guarantees progress for interleaved sessions



Agenaa

Processes vs types : an intuition
What can go wrong?

Typing

Sending session types



Sending session types

G = p—>q:(U).G
p—q:{li:Gitlicr
ut. G Int|...|T|G
t
end

* ¢.g., A—B: (G).end
 What is a value of type G 7

* A service (shared) channel!



Programs

if e then P else ()
P|Q

0

(va)P

def D in P

X (e, c)



Example: sending type G

A — B: (G).end

v5)(va)s[A]\(B, @) alA] (y).P) | sBJ2(A,2).2[B)(y).Q | 5 0



Example: sending type G

v5)(va)s[A{B, @) alA](y).P) | sB)?(A,2).2[B)(y).Q | 5+ 0



Example: sending type G

(Vs) (va)s|A]!(B, a).alA]l(y).P | s|B]?(A,z).xB|(y).Q | s: ()



Example: sending type G



Example: sending type G



Example: sending type G

(vs) (va)s|A]!(B, a).alA](y).P | s[B|?(A,x).xzB|(y).Q | s: ()

—

(vs) (va)alAl(y)-P | s[B|?7(A, x).x[B|(y).Q | 5 : (A B, a)

(v5)(va) alAl(y).P | aB](y).Q | s 0

%

(vs)(va)(vs') Pls'[Al/y] | Qs'[B]/y] | s": 0 | s:0



Sending session types

G = p—q:(U).G
p—q:{li:Gitlicr
ut. G Int|...|T|G
T
end

* If | need to send a value of type /...what should | send?

e a session channel with role e.g, s[p]

* itstype / is the remaining (delegated) behaviour



Delegation

P = alp|(y).P
ulp|(y).P
cl(p,e).P
c?(p,x).P
cl{p, s'p']).P channel delegation
c?(p,y).P channel reception
[Deleg] slp]!a, s'[P'])-Pls:h — P|s:h-(p,q,s[p])

[SRev]  s[pl?(a,y).-P|s:(p,q,s'[p])-h — Ply/s'[p]]|s:h



Example (delegation and types)

G1 G2
A — S: (String). B — C: (String).
S — {A,B} : (Int). B— C: (T).
A — B: (Int). C — B »{ok : end
B—S:{ok:B—S: (String). #quit:end}
S — B: (Date).end, "
quit : end}

5

T = d(S,{ok : (8, String).?(S, Date).end, quit: end)



Example (delegation and processes)

A — S: (String).
S — {A,B} : (Int).
A — B: (Int).
B— S:{ok:B— S: (String).
S — B : (Date).end,
quit : end}

Seller = a|S|(y).y7(A, z¢itie) .y ({A, B}, getPrice(Tite))-
y& (B, {ok : y?(B, address).y!(B, today() + 5).0,
quit : 0})



Example (delegation and processes)

A — S: (String).
S — {A,B} : (Int).
A — B: (Int).
B— S:{ok:B—S: (String).
S — B: (Date).end,
quit : end}

Alice = alA|(y).
y!(S, “Flatland : A Romance of Many Dimenstons”).
y?(Sv xquote)-
yl(B, Tguote div 2).0



Example (delegation and processes)

A — S: (String). B— C: <Int>.
S — {A,B} : (Int). B—C:(T).
A= B : {Inf). C — B: {ok : end,

B — {S,A}: {ok:B — S: (String).
S — B: (Date).end,
quit : end}

quit : end}

Bob = a|B|(y).y7(S, Zquote)-Y? (A, Tcontrib)-

if (xquote — Tcontrib < 100)

then
y @ ({S, A}, ok).
y!(S, “Via deir matti 07).
y?(S, Tdate)-0

else
b|B(=
21{(C,
2&(

) Z'<C Lguote — Lcontribution — 99>
y)-
,{ok : 0, quit: 0})



Example (delegation and processes)

B — C: (Int).

B—C:(T).

C — B : {ok: end,
quit : end}

T = d({S, A}, {ok :I{S, string).?(S, date).end, quit : end)

Carol

bIC|(2).27(B, x).27((B, t)).

if (z < 100)

then
z @ (B,ok).t ® ({S, A}, ok).
tl(s, “28%" October & Makarios III Ave, Cyprus’).
t?(S, ZCdate).O

else
z @ (B, quit).t & ({S,A}, quit).0



Typing delegation

Deleg] I'FPo>A,c: T
J T cp, ). PoAclpT)d T
I'EPoA,c:T,y:T
[Srcv]

I'Fc?(p,y).PoA,c:l(p, T)
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