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Overview

- .

Topic

® how to structure and describe protocols In
concurrent/distributed programming

®» methods must be tractable

Method

#® foundational calculus (higher-order 17) with sessions

» hopi can encode a large class of programs/idioms
(objects, mobile code, closures etc)

# sessions can describe a large class of protocols

o -
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| ntroduction

- .

A session describes a communication protocol between two
parties, that takes place over a single connection

Kohel Honda. Types for Dyadic Interaction.
CONCUR’™3, LNCS 715, pages 509-523, Springer-Verlag, 1993

o -
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| ntroduction

- .

A session describes a communication protocol between two
parties, that takes place over a single connection

Kohel Honda. Types for Dyadic Interaction.
CONCUR’™3, LNCS 715, pages 509-523, Springer-Verlag, 1993

We previously integrated sessions in a small object calculus

Mariangiola Dezani-Ciancaglini, Dimitris Mostrous, Nobuko
Yoshida, and Sophia Drossopoulou. Session Types for
Object-Oriented Languages. ECOOP 2006.
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Example

- .

Session type for channel a:

a . begin.!{int].!{int].?/bool |.end

agrees with HOT® code:

P =a(x).X(5).X(5).x(y:bool)

Intuition: a is a network address: X Is the i0 stream

o -

Introduction 'Basict [Conditional 'SoS—Meth Obperational Semantics Connedc®Operational Semantics Interaction3voina Features Properties-p. 4/




Example

-

Session type for channel a:

a . begin.!lint].!|int].?[bool |.end
a . begin.?int|.?/int].!|bool|.end

agrees with HOT® code:

P =a(x).X(5).X(5).x(y:bool)
Q =!la(x).x(y:int).x(z:int).X(r)
| P | Qis typable
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The Types
B o

Types:
o:=beginp ¢:i=T1—¢ :i=unit|o|¢
To=0(@)'p Yi=T]o

p=!1l.p| t].p | &[l1:P1;---;lnipn) | ®l1:p1;---;1n:pn] | Nd
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Operational Semantics|

- .

Structural rules:

P=P —Q=0Q

(STR) : P 0
(PAR) : P—P
"PIQ— P |Q
P—P
(RES) . ~

(Vva:G)(VK)P — (va: &) (VK)P

o -
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Operational Semantics||
B o

Functional rules:

P— P _ Q—Q
pQ -PQ MRV Q oV Q

(APP-L) :

B 0PV PV

o -
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Operational Semantics|||
B o

Session rules:

(CONN):I

'a(x).P|a(2).Q —!a(x).P | (vk) (P{Ko/x} | QiK1/z})

(COMM) : 1+]=1

Ki(X).P | Kj <V>Q — P{V/X} | Q

(LABEL) :

Ki<Im.P|Kj>{l1:P1;...;1h:Ph} — P | Py

I+]=1,1<m<n

o -
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B o
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-

Typing System

Key Points

o

Usage of session channels must agree with type;

session channels must not become forgotten
(A(x:p).0) - Ko

session channels must not be copied
(A(X:P)-(RV) [ X(V)) ) Ko

abstractions that contain running sessions must be used
exactly once

(AX:9).X-()) - A(z:unit).(K1(5).0) ¢ =unit—o

(A(Xx:$).0) - A(z: unit).(K1(5).0)
(A(X:9).0) - A(z: unit).(a(x).X(3).0)
(AZ:9).(A(X:9).0)-2) ) - Ay unit).(K1(5))

-
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Typing System
B o

Typing Judgement

2, OFP:Y

[ = 0 F,a:c]F,x:Z!r,XZ(d))l
> = 0|Zk:p

® = 0| DX

— I, and Z, %’ are disjoint-domain unions;
— @, @’ is disjoint union;

L_ dom(Z) N ® = O for all well-formed judgements. J
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Typing System
B o

(SHARED) (UNIT)

F,u:(0;0Fu: ;0,0 () : unit

(LINFUNC) (LINCHAN)
Cox:(9)h 0 {x} Fx: (o) M {k:p};0Fk:p

o -
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Typing System

(SuBgy)
2, P ¢
[ oFP:(¢)?

~ 0 =< (0)*

—we can derive [, X: §;0; 0 x: (¢)?!
—but T, x: ()5 0; {x} Fx: (¢)*

o -
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Typing System
B o

(ABS)
XU eFP:g  ift= ()t xed
M2, O\XFAX:T).P:T— U

(Rcv)
XU KkipdFP:o  ift= ()l xed
M2 K:?2T].p P\ xFk(x).P:o

o -
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Typing System

(ABSp)
[ 2, X:p; PP Y
Z,PEAX:P).P:p— Y

(RCVvp)
NI k:p x:p;PFP:o
M2 k:?pl.p ;P k(x).P:o

- N
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Typing System
- -

(APP)
[ 21, P1FP:1T—
250, FQ:1  ift=¢, Zo=P,=0

[;21,20;P1, P FP-Q:

(SND)
21, D1V T
2, D FP:o K:p€Zicq1 ift=0, 21 =0, =0

[ (21, 5) \ {k:p},k:!T1].p; D1, Do Fk(V).P:o

- -
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Typing System
B

alanced session environments

(NEWk)
[ Z,Ko:P,K1: P, PFP:o

2, P (VK)P:o

balanced(Z) If Zz{Kg:piHEI},{Kil:HHEI}

o -
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Properties
s

ubject reduction (soundness)

If

-2, PEPY
-P—P

— balanced(2)

then

-2 P
— balanced(Z)
~— ' CP

o -
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Related wor k
| o

® Linear A-calculus (See Ch. 1 of “Advanced Topics in Types
and Programming Languages” by David Walker, ed. B.C.
Pierce.)

® Session typing for FO languages. (Many systems, including
MOOSE.)

® Higher order Tt (PhD Thesis by D. Sangiorgi.)

o -
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Planning
o =

® Finish proofs & Submit paper to TLCA (International
Conference on Typed Lambda Calculi and Applications)
[January]

Objects

#® Finalise journal version of ECOOP’06 paper [January]

® Complete new object calculus, combining objects, HOTT, and
sessions [March]

o -
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Questions & Further Information

- .

Questions ?

for more information and downloads:
www.doc.ic.ac.uk/~dmQ04

dmO4@doc

o -
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