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Pi calculi with session-based type discipline [HVK-98]
#® Semantics feature freshsession passing

KIK].P | k?(x).Q — P| QIK'/X K ¢fc(Q)

® Type system requires k' not used in P (k' & fc(P))
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Background

Pi calculi with session-based type discipline [HVK-98]
#® Semantics feature freshsession passing

KIK].P | k?(x).Q — P| QIK'/X K ¢fc(Q)

® Type system requires k' not used in P (k' & fc(P))
Semantics
® Removing the side condition breaks subject reduction

® Many works used polarized channels to recover type safety
[Gay&Hole-05]

Type system
® Kk used for communication in P unsound

® still could be other uses of K’
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Example: Subject Reduction L ost

Passed session in fC of receiver
P =Kk K] | k?(x).x?().kK']] OFP>k:L,K:L
P— k'?().kK[] 0/ K?20).K![|ok: L K:L




Example: Subject Reduction L ost

Passed session in fc of receiver

P=K|K]|k?x).x?2().K!]] O0FPrk:L,k:L

P— k'?().kK[] 0/ K?20).K![|ok: L K:L
Passed session in fc of continuation

P = KI[K].K2() | K2(X).ke![X] — K'() | ke[KT]




Thistalk

1. Polarity-free [HVK-98] with general session passing is
type-safe

kI[K].P| k?(x).Q — P | Q[K /X

2. Generalization of session types with limited use of passed

sessions
F-P>A-u:U-K:T{

M- K[K].Q:A-K: T]U KT
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Safe use of passed sessions

Non-communication operations, e.g.
® check the identity of sessions,

® store sessions Iin data structures
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Safe use of passed sessions

Non-communication operations, e.g.
® check the identity of sessions,
® store sessions in data structures

Example database of malicious sessions
DB(d) = accept d(X).x>>
{contains : X?(yend).if y € set then X<ino.DB(d)else x<1yes.DB(d),

put : x?(yE"%).Store[y].DB(d)}
CLIENT(d) =

x?(y).request d(2).z < contains.z! [y*"%].z> {yes : P(y"),no : Q(y")}

| X![y"].request d(z).z<1put.z! [yend]
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P1 calculus with sessions

Top-level syntax

P:=ulg.P|u?2x).P|P|P | (va)P | O
def {X (X)) =R}ic in P | X[§

request U(X).P | accept u(x).P

usl.P | us{li: R}ig

if [u=V]| then P else P’

u,v :=a| X | true | false

recursion

session install

label select & branch
matching

values
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P1 calculus with sessions

Top-level syntax

P:=ulg.P|u?2x).P|P|P | (va)P | O

def {Xi(X) =R }ici inP | X[ recursion
request U(X).P | accept u(x).P session installl
usl.P | us{li: R}ig label select & branch
if [u=V]| then P else P’ matching
u,v :=a| X | true | false values

Runtime syntax

Q:=---1] (vk)Q channel binder
|

uv i i=---| K session channel
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Semantics

Runtime generation of sessions

® accept a(x).Q | request a(y).Q — (vk)(Qlk/x] | Q' [k/Y])
Session passing:

s KIK.Q|KAX).Q — Q| Q[K/X
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Semantics

Runtime generation of sessions

® accept a(x).Q | request a(y).Q — (VK)(Qlk/x] | @ [k/Y])
Session passing:

s KIK.Q|K2x).Q — Q| Q[K/X
Label selection

o k<al;.Q|k>{li: Qitias — Q| Q; (jel)
Matching:

® ifla=althenQelse Q' — Q
Struct:

® O=0Qand Q1 — Qrand Q=Q" = Q -’
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Type System for Top-level Processes

Session Types

T 2:=29.T | ?2T].T | &{li: Titia | end
ST UTLT [ ofli: Tidier | U] pt.T




Type System for Top-level Processes

Session Types
T :=29.T | 2T].T | &{li: Titia | end
ST UTLT [ ofli: Tidier | U] pt.T

Duality

® T exchanges ! with ?, and & with @

Ta]l.T =20a]l.T &{li: Tha = @{li: Tla pRXT=pxXT X=

[ype environments

® Ais asession environment, [ is unrestricted

—n. 8



Typing Session Delegation

Merge

® Commutative relations.t. T @end =T

FPoA-utU.vily Ti=T®T

FEulv.PoA-u: lT]JU -v:T
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Typing Session Delegation

Merge
® Commutative relations.t. T ®end =T

[FP>A-U:U-v: Ty Th=T®T;
FEulv.PoA-u: lT]JU -v:T

Example

® Client query for trust of a channel .
M- 21[y®"9).z> {yes : P(y™),no: Q(y™)}>z:![end].U,V : end
® Client signaling a channel :

M- x![y"].request d(2).z< put.z! [y€"9 s x 1 [TIU,y: T
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Typing Composition

Rule
F-PoA THPA

[FPPrAQN




Typing Composition

Rule
F-PoA THPA

[FP|P>ARN
® \We type more processes

s P=X[y'.P'|2[y*"9].P"

o P=x2().P|if [x€Nd = yT] then P’ else P”

® T and end in general not dual
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Typing matching

Rules for Values

[Fu:Sv: S AFu:Tv:T (TRT) | orT=T'
[ [u=V]: bool AF [u=V|: bool
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Typing matching

Rules for Values

[Fu:Sv: S AFu:Tv:T (TRT) | orT=T'

[ [u=V]|: bool AF [u=V]|: bool
Typing processes

AF[u=vV|:bool THFPrA TFPBA
[ Fif [u=V] then P else P'>A

Example
® [Fiflu=vVv|thenPelse P>A-u:T,v:end

—n. 117



Other Distinguishing Rules

Typing Inhert Process
® [ F0ObA
More liberal

® We do not require linear resources to be depleted (at type
end)

® Example: [ FOpx: T
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Other Distinguishing Rules

Typing Inhert Process
o [ FOA

More liberal

® We do not require linear resources to be depleted (at type
end)

® Example: [ FOpx: T
Typing Recursion
r-&:S
[-X:STHX[@&l>A-G: T

® Same considerations
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Type-Safety

[Theorem] If [ - P>A and P —* Q, then Q is not an error.

#® Proofnon-standard without using subject reduction
® Mapping [|-]] from double-binder to base runtime language

® \We use operational and error correspondence
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Type-Safety

[Theorem] If [ - P>A and P —* Q, then Q is not an error.

#® Proofnon-standard without using subject reduction
® Mapping [|-]] from double-binder to base runtime language

® \We use operational and error correspondence

Double binder runtime language
® (vKk)Q replaced by (vcd)Rwith ¢, d distinct identifiers
® Type system require C,d to have dual types
Encoding
® (vcd)Rmapped to (VK)Q
® Occurrencies of ¢,d in Rmapped to kin Q

—n. 13r.



Outline of the proof

1.

Typing Correspondence.
Typed top level are typed double binder processes.

Operational Correspondence
P—"Q = dRsuchthat P—"Rand [R]| =Q

Subject Reduction of Double Binder Language.
We apply this result to (1,2) and infer that R not an error

Error Correspondence.
R not an error = [|[R]] not an error
Error Congruence. We glue (2) and (4) and show that

([R] = Q and [[R] not an error) = Q not an error

—n. 147



Thedouble binder runtime language

Reduction semantics defined over configurations o ¢ P

® O symmetric, irreflexive, functional binary relation over
channels

#® Store connections among free end-points

Dynamics

o< (accept a(X).R| request a(y).R) — oo ((ved)(R[c/x] | R[d/y]))
o-(c,d)o(c![V].R] d2(y).R) — o-(c,d)o(R|R|v/Y])
o-(c,d)o(c«lj.R|d>{li: R}ic)) — 0-(c,d)o(R| Ry)
o-(c,d)oR—0-(c,d)oR = 09¢(vcd)Roo (ved)R

—n. 15r7.



Subject Reduction for DB

Type system adds a single new rule

[Fo-(c,d)oR>A-c: T-d: T
0o (ved)R>A
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Subject Reduction for DB

Type system adds a single new rule

[Fo-(c,d)oR>A-c: T-d: T
0o (ved)R>A

Balanced environments
® Abalanced by 0 whenever cod and {c,d} C dom(A)
implies that or (i) A(c) = A(d) or (ii) A(c) @ A(d) |.
Theorem

® Letl - ooR>Awith Abalanced by 0. If 00 R— 0¢R,, then
there is A’ balanced by o0s.t. T ooR > A

#® Proofinvolved because of session passing and rule for
composition merging overlapping environments
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Encoding

® > injection over 0s.t. (codAX(c)=k) = %(d) =k

Q
O
/N
<
O
O
N—"
A,

[o¢if ethen Relse R]
[0oR|R]

[oou<l;.R]

accept [u]ls(x).[0oR]s

[ulz(x).[0>R];
[

ujlz!'[le]z]-loo R

(va)[ooR]s

(VK)[lo- (¢,d) o Rz (c—kd—K
[ulz<lj.[ooR];

it [€]= then [R]s else [R]5

[o°R]s [ [ooR]s




Proof of main result

Type Safety
® Typed top level processes do not reduce to errors

K kauQ  K[.Q|k2x).Q | k> {li: Qlia
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Proof of main result

Type Safety
® Typed top level processes do not reduce to errors

Kl | k<tu.Q KI.Q| k?(x).Q" | k> {li: Qiltie
Proof LetPtoplevel, P—*Qandl - P>A
® (0OC)dRsuch0oP —*0¢Rand [0¢R]=Q
(TO) T 0oP>A

(SR) 0<¢ R not an error (A balanced since 0)
(EC) Q not an error

o o 0
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Proof of main result

Type Safety

® Typed top level processes do not reduce to errors
K| k<u.Q  K[.Q|k2X).Q | k> {li: Ql}ic
Proof LetPtoplevel, P—*Qandl - P>A
® (OC)3dRsuch0¢P —*0oRand [0oR] =Q
® (TOTFD0oP>A
® (SR) 0¢Rnot an error (A balanced since 0)

® (EC) Q not an error

Not errors:

k2(x).Q|if K" =v]thenQ k! [K"9.Q1|k?2().Q  K2().KI]]
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Contribution

Session-based pi calculi
® type safety for polarity-free pi calculus wirh sessions
® clean type theory for session-based communication
Generalization of session types
® typing rule for session delegation relaxed

® there is “life” after passing a session

—n. 19r.



Discussion

Polarities
® |ow-level detalls for type safety invisible to programmer

#® inferring in presence of overlapping type environments in
composition could be tricky

#® more suitable for asynchronous implementations
Proof technique

® proof should be valid for session calculi based on pi (e.qg.,
SSCC,CASPIS)

#® only typings and semantics for new session generation are
involved

—n. 20fF.



Discussion

Typing inhert processes

® many works require linear resources to be depleted (at type
end)

# to preserve typing congruence?
PlO=P [FP|OcAST FPrA

® our approach possible in many systems
# e.g. non-overlapping type environments in compaosition

Session Types

® Future work: merge operation could be more flexible

—n. 217
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