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Session Types

What will we talk about?

|
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What will we talk about?
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What will we talk about?
a subject of conversation is not enough.

We want to specify
the sequence and the direction of data exchanged
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Session Types

What will we talk about?
a subject of conversation is not enough.

We want to specify
the sequence and the direction of data exchanged

Kohei Honda, Vasco T. Vasconcelos, and Makoto Kubo.
Language primitives and type disciplines for structured
communication-based programming.

ESOP’98, LNCS1381, pages 22—-138. Springer-Verlag, 1998.
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Session Types

What will we talk about?
a subject of conversation is not enough.

We want to specify
the sequence and the direction of data exchanged

Kohei Honda, Vasco T. Vasconcelos, and Makoto Kubo.
Language primitives and type disciplines for structured
communication-based programming.

ESOP’98, LNCS1381, pages 22—-138. Springer-Verlag, 1998.

Scenario

users at different locations interacting by means of
object-oriented code
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examples

lint.!lint.7bool.end
expresses that two int-values will be sent
then a bool-value is expected as an input
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examples

lint.!lint.7bool.end
expresses that two int-values will be sent
then a bool-value is expected as an input

I{lint, ?float).end
sends a bool-value and then sends an int If the value Is true

or receives a float If the value Is false
branching type

|

Introduction [Syntax Operational SemanticsExample [Typing Rules Soundness|Future Work [more— p.3/29




examples

lint.!lint.7bool.end
expresses that two int-values will be sent
then a bool-value is expected as an input

I{lint, ?float).end
sends a bool-value and then sends an int if the value is true
or receives a float If the value Is false
branching type

I {lint.?float)".end
sends a bool-value and if that value is true, continues with
lint.?float
If the value sent is false, this session finishes
recursive type
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Syntax of session types

-

(direction) T ou= 1172
(part of session) Tt el Tt | T(mm | T(m* | L
(session) s = T1tend
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Syntax of session types
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(direction) T ou= 1172
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(session) s .= /Ttend
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Syntax of session types

-

(direction) T o= 17
(part of session) 11 = el|/ft | () | To* | LU
(session) s = mnend

Input

|
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Syntax of session types

-

(direction) T o= 17
el Tt | T(mm | T(m* | L
TLend

(part of session) TT
(session) S

no exchange
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Syntax of session types

-

(direction) T o= 17
el Tt | T(mm | T(m* | L
TLend

(part of session) TT

(session) S

exchange one value of type t
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Syntax of session types

(direction) T
(part of session) TT
(session) S

branching

|
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Syntax of session types

(direction) T o= 17
e| Tt | T(r, 1)
T.end

(part of session) Tt T(my* | LT

(session) S

recursion
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Syntax of session types

(direction) T ou= 1172
(part of session) T el Tt | T(mm | T(m*
(session) s = T1tend

position

|
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Syntax of session types

-

(direction) T ou= 1172
(part of session) Tt el Tt | T(mm | T(m* | L
(session) s = T1tend

|
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Session In Object-Oriented Paradigm
- -

The method communicate uses the channel c
to send two integers and receive a boolean.
What does its declaration look like?

o |
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Session in Object-Oriented Paradigm
- -

The method communicate uses the channel c
to send two integers and receive a boolean.
What does its declaration look like?

void communicate( ) ¢ :!int.lint.?bool.end {...}
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Session in Object-Oriented Paradigm
- -

The method communicate uses the channel c
to send two integers and receive a boolean.
What does its declaration look like?

void communicate( ) ¢ :!int.lint.?bool.end {...}

tm (tx) Z {e}

o |
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Session in Object-Oriented Paradigm
- -

The method communicate uses the channel c
to send two integers and receive a boolean.
What does its declaration look like?

void communicate( ) ¢ :!int.lint.?bool.end {...}

(tx) 2 (e}

return type

o |
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Session in Object-Oriented Paradigm
- -

The method communicate uses the channel c
to send two integers and receive a boolean.
What does its declaration look like?

void communicate( ) ¢ :!int.lint.?bool.end {...}

tm\(tx) > {e}

method name

o |
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Session in Object-Oriented Paradigm
- -

The method communicate uses the channel c
to send two integers and receive a boolean.
What does its declaration look like?

void communicate( ) ¢ :!int.lint.?bool.end {...}

tm (tx) Z {e}

arameter type

o |
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Session in Object-Oriented Paradigm
- -

The method communicate uses the channel c
to send two integers and receive a boolean.
What does its declaration look like?

void communicate( ) ¢ :!int.lint.?bool.end {...}

tm (tx) Z {e}

arameter
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Session in Object-Oriented Paradigm
- -

The method communicate uses the channel c
to send two integers and receive a boolean.
What does its declaration look like?

void communicate( ) ¢ :!int.lint.?bool.end {...}

tm (tx) 2 {e}

[0n environment mapping channels to session types

o |
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Session in Object-Oriented Paradigm
- -

The method communicate uses the channel c
to send two integers and receive a boolean.
What does its declaration look like?

void communicate( ) ¢ :!int.lint.?bool.end {...}

tm (tx) Z {e}

method body

o |
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Session start

o N

...requestuys{es}... || ...accept uzs{es}...

L (this is a multi-threaded presentation of a distributed calculus) J
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Session start

o N

...request uis{e1}... || ...accept uss{es}...
If
u1 and us, are the same channel name or
u1 Is a channel name and u» is a channel variable with value uq or

u»o is a channel name and u1 is a channel variable with value u s, or
u1 and u» are variables whose value is the same channel name

L (this is a multi-threaded presentation of a distributed calculus) J
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Session start

o N

...request uis{e1}... || ...accept uss{es}...
If
u1 and us, are the same channel name or
u1 Is a channel name and u» is a channel variable with value uq or

u»o is a channel name and u1 is a channel variable with value u s, or
u1 and u» are variables whose value is the same channel name

!

(Vve:is)(...eqlc/ug]... || ...e2[c/ug]...)

c fresh

L (this is a multi-threaded presentation of a distributed calculus) J
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Communication

o N

(verft.s)(...c.send(v)... || ...c.receive...)

o |
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Communication
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(verft.s)(...c.send(v)... || ...c.receive...)
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Communication

o N

(verft.s)(...c.send(v)... || ...c.receive...)

!

(ves)(oonull ][ oaov.sl)
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Communication

-

(veft.s)(...c.send(v)... || ...c.receive...)

|
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Choice

o N

(Ve : T(y, Th).s:t)
(...c.sendlf (true){e1}{e2} | c.receivelf{ez}{eas}...)
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Choice

-

true choices — the first alternative

o |
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Choice

o N

(Ve : T(y, Th).s:t)
(...c.sendlf (true){e1}{e2} | c.receivelf{ez}{eas}...)

!

o |
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Choice

o N

(Ve : T(y, Th).s:t)
(...c.sendlf (true){e1}{e2} | c.receivelf{ez}{eas}...)

!

(VC :T[l.s:t)(...e1||e3...)

o |
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Choice

o N

(Ve : T(y, Th).s:t)
(...c.sendlf (true){e1}{e2} | c.receivelf{ez}{eas}...)

!

(VC :T[l.s:t)(...e1||e3...)

(VC : T<T[1,T[2>.S :t)
(...c.sendlIf (false){e1}{e2} || c.receivelf{ez}{eas}...)
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Choice

o N

(Ve : T(y, Th).s:t)
(...c.sendlf (true){e1}{e2} | c.receivelf{ez}{eas}...)

!

(VC . Th.s :t)(...e1||e3...)
(VC : T<T[1 T[2>.S :t)

(...c.sendlf (false){e1} | c.receivelf{es}{es}...)
false choices the — the second alternative

o |
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Choice

o N

(Ve : T(y, Th).s:t)
(...c.sendlf (true){e1}{e2} | c.receivelf{ez}{eas}...)

!

(VC :T[l.s:t)(...e1||e3...)

(VC : T<T[1,T[2>.S :t)
(...c.sendlIf (false){e1}{e2} || c.receivelf{ez}{eas}...)

!
B |
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Choice

o N

(Ve : T(y, Th).s:t)
(...c.sendlf (true){e1}{e2} | c.receivelf{ez}{eas}...)

!

(VC :T[l.s:t)(...e1||e3...)

(VC : T<T[1,T[2>.S :t)
(...c.sendlIf (false){e1}{e2} || c.receivelf{ez}{eas}...)

!

(VC :T[2.S:t)(...62He4...)

o |
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Example: the Agent

cl ass Agent extends Cbject {

float price, mnPrice; // seller’ asking and m ninumprice
float offer; /'l the offer nmade by the buyer

void mediate() cl: ?float.?float.!<?float>*.end {
/[l connect with a seller
request cl ?float.?float.!<?float>*.end {
price := cl.receive; mnPrice .= cl.receive;
cl. sendwWhil e ( needToContinue() )
[/ 1f the value of needToContinue() Is true
{ mnPrice :=cl.receive; } }}

bool ean needToContinue() c2: !float.?float.!Dbool ean. end {
[/ connect with a buyer
request c2 : !float.?float.!Dboolean.end {
c2.send(price); offer := c2.receive; c2.send(offer < mnPrice);
return (offer < mnPrice); } }

|
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Example: the Agent

void nediate() cl: ?float.?float.!<?float>*.end |
{
/] connect wwth a seller
request cl ?float.?float.!<?float>*.end {
price := cl.receiVve;
mnPrice := cl.receiVve;
cl.sendWile ( needToContinue() )
[/ 1f the val ue of
needToContinue() Is true
{ mnPrice :=cl.receive; } }}

|
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Example: the Agent

bool ean needToConti nue()
c2:. !float.?float.!boolean.end {
[/ connect wth a buyer
request c2 : !float.?float.!bool ean.end {
c2.send(price);
offer := c2.receive;
c2.send(offer < mnPrice);
return (offer <mnPrice); } }

|
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Example: the Buyer

cl ass Buyer extends bject { __W
float price; // seller’s asking price
float offer; // offer made by the buyer

vol d buy() c2: !float.?float.!boolean.end {
accept c2 !float.?float.!bool ean.end {
// connect wth an agent
price := c2.receive; offer:.=....;

c2.send(offer)
If c2.receive then .... else ... } }

|
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Example: the Seller

class Seller {
float price,mnPrice; // asking price and m ninmum price

void sell( ) cl: ?float.?float.!<?float>*. end {
price:= ... ; mnPrice:= ... ;
/[l connect to an agent
accept cl ?float.?float.!<?float>*. end {
cl.send(price); cl.send(mnPrice);
cl.receiveWile
/[l 1f the value received is true, then
{ mnPrice:= ... ; cl.send(mnPrice); } } }

|
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Example: the Seller
-

void sell( ) cl: ?float.?float.!<?f|oat>*.end {
price:= ... ; mnPrice:= ... ;
/] connect to an agent
accept cl ?float.?float.!<?float>*. end {
cl.send(price);
cl.send(mnPrice);
cl.receiveWile
/] 1f the value received Is true,
t hen
{ mnPrice:= ... ; cl.send(mnPrice);

b 1) |
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Typing judgment

2 ke it

|
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Typing judgment

2 ke it

environment

|
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Typing judgment

2 ke it

expression

|
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Typing judgment

2 ke it

pe

|
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Typing judgment

. > kFe it .

session types of channels before the evaluation of €

o |
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Typing judgment

. 2 ke it 2 .

session types of channels after the evaluation of €
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Typing judgment

2 ke it

[ 2,c.:?t.skc.recelve: t;2,c:s

|
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Typing judgment

2 ke it

[ 2,c:?t.skc.recaelve: t;2,c:s

2t +sconsumed

|
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Subject Reduction

fI;2Fe:t; 2,
and [ - 0: ok,
and [ - CT: ok,
and e,0,CT — (Vi :t')(e’,0’,CT)

|
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Subject Reduction

fI;2Fe:t; 2,
and [ - 0ok,
and [ - CT: ok,
and e,0,CT — (Vi :t')(e’,0’,CT)
then
Fg:t:ske ity
with t/ < t
and .4 : T 0ok
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Soundness

o N

® no connection error will occur, I.e. request and accept on the
same channel must have the same session type,;

o |
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Soundness

o N

® no connection error will occur, I.e. request and accept on the
same channel must have the same session type,;

...request cs{e;}|[accept cs’{ez}... — ConnErr

o |
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Soundness
-

no connection error will occur, I.e. request and accept on the
same channel must have the same session type,;

no communication error will occur, i.e. in the same net there
will not be two sends or two receives on the same channel:

|
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Soundness
-

no connection error will occur, I.e. request and accept on the
same channel must have the same session type,;

no communication error will occur, i.e. in the same net there
will not be two sends or two receives on the same channel;

...c.send(v)|[c.send (v')... — CommErr
...c.receive||c.receive... — CommErr
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Soundness
-

no connection error will occur, I.e. request and accept on the
same channel must have the same session type,;

no communication error will occur, i.e. in the same net there
will not be two sends or two receives on the same channel;

after a session has begun the required communications are
always executed in the expected order;

|
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.

Soundness
-

no connection error will occur, I.e. request and accept on the
same channel must have the same session type,;

no communication error will occur, i.e. in the same net there
will not be two sends or two receives on the same channel;

after a session has begun the required communications are
always executed in the expected order;

after a session has begun all the required communications
are executed unless one of the following situations occurs:
» a null pointer exception is thrown;
» the computation diverges; or

» there is a request or accept instruction waiting for the
dual instruction.

|
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Future Work

o N

® part of sessions as method parameters - to delegate part of
the session ;

o |
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Future Work

o N

® part of sessions as method parameters; IN PROGRESS.

o |
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Future Work

o N

® part of sessions as method parameters; IN PROGRESS.

® communication of running channels - to delegate part of the
session ;

o |
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Future Work

o N

® part of sessions as method parameters; IN PROGRESS.

$» communication of running channels; IN PROGRESS.

o |
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o o o

Future Work
-

part of sessions as method parameters; IN PROGRESS.
communication of running channels; IN PROGRESS.

private channels in user syntax, to guarantee privacy of
communications.

|
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e o o

Future Work
-

part of sessions as method parameters; IN PROGRESS.
communication of running channels; IN PROGRESS.

private channels in user syntax, to guarantee privacy of
communications.

Alternative Design

local types for channels, and run time type-check.

|
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e o o

L

Future Work
-

part of sessions as method parameters; IN PROGRESS.
communication of running channels; IN PROGRESS.

private channels in user syntax, to guarantee privacy of
communications.

Alternative Design

local types for channels, and run time type-check.

add explicit selection, rather than use method names.

|
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e o o

© o @

Future Work
-

part of sessions as method parameters; IN PROGRESS.
communication of running channels; IN PROGRESS.

private channels in user syntax, to guarantee privacy of
communications.

Alternative Design

local types for channels, and run time type-check.
add explicit selection, rather than use method names.

use objects instead of channels, to have a smaller language.

|
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Conclusion

|
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Conclusion

P

thank you for your attention

|

Introduction [Syntax [Operational SemanticsExample [Typing Rules Soundness|Future Work [morg— p.19/29




No explicit selection

o N

® calculi for sessions have explicit selection based on labels

o |
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No explicit selection

o N

® calculi for sessions have explicit selection based on labels

(cali:P) | (co{l:PiO...Oly: Py}

o |
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No explicit selection

o N

® calculi for sessions have explicit selection based on labels

(cali:P) | (co{l:PiO...Oly: Py}

2\ 2

PR

® we use methods names instead!

o |
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Global versus L ocal Types

o N

the session types of channels are global

the session types of channels are local

o |

Introduction [Syntax [Operational SemanticsExample [Typing Rules Soundness|Future Work [morg— p.21/29




Global versus L ocal Types

o N

the session types of channels are global

#® In favour: request and accept on the same channel must
have the same session type (no connection error can occur)

the session types of channels are local

o |
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Global versus L ocal Types

o N

the session types of channels are global

#® In favour: request and accept on the same channel must
have the same session type (no connection error can occur)

® against: possibly realistic in distributed settings

the session types of channels are local

o |
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Global versus L ocal Types

o N

the session types of channels are global

#® In favour: request and accept on the same channel must
have the same session type (no connection error can occur)

® against: possibly realistic in distributed settings

the session types of channels are local

® In favour: it fits nicely the distributed scenario

o |
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Global versus L ocal Types

o N

the session types of channels are global

#® In favour: request and accept on the same channel must
have the same session type (no connection error can occur)

® against: possibly realistic in distributed settings

the session types of channels are local

°

In favour: it fits nicely the distributed scenario

°

against: it requires a run-time type check

o |
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L oop

o N

(Ve @ T(m*.s:t)
(...c.sendWhile(e){e1} | c.receiveWhile{es}...)

o |
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L oop

o N

(Ve @ T(m*.s:t)
(...c.sendWhile(e){e1} | c.receiveWhile{es}...)

!

o |
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L oop

o N

(Ve @ T(m*.s:t)
(...c.sendWhile(e){e1} | c.receiveWhile{es}...)

!

(Ve @ T(rT(m*,e).s:t)
(...c.sendlf (e){eq;c.sendWhile(e){e1}}{null }|
c.receivelf{e,;c.receiveWhile{ez} H{null }...)

o |
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Typing Communication

[;2,c?t.skc.recave: t;2,c:s

2k e:t;Y cilts
2+ c.send(e): Object; >, c:s

|
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Typing Session Opening
L -

Mu:s;X,cistel[c/u]:t;2,c:iend c & fn(e) c &dom(l)
Mu:s;2Frequestus{e}:t;2’

Mu:s;Z,c:Skelc/ul:t;Z,c:iend c &fn(e) c &dom(l)
Mu:s;>Facceptus{e}:t;2’

o |
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Method Declar ation ok

>,this:C,x :t1;0Fe:t;0
[,this:CHt,m(t,x)2{e} ok inC
SCr
mtype(m,C) =t1 — t2
t <Ito

2, this:C,x :tend;c :mmend Felc /X :t;c :end
,this:CFt,m(Tx)2{e} : 0k in C
2 CI
mtype(m,C) = TT— t>
b <itp

|
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Typing Method Call

M2ke:CY LYke :th2"
M2ZFem(e):t;2"
msignature(m,C) C I

mtype(m,C) =t" — t
t/<.t//

XFe:C;Y c:TUs
M ZFem(c):t;2,c:s
msignature(m,C) C I

mtype(m,C) =T1—t

|
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Branching Types
-

2, c:yskFeq:t; 2 c:s 2, ciThs Fepit; 2 c:s

[;2,c2(m, ).s Fc.receivelf{e;}Heo}: t;2 c:s

2,c:Tyskeq:t; 2 c:s
2, ciThs Fepit; 2 cis
M2, cl{m,m).s Fc.sendlf(e){er}{e}: t;2,c:s

[:2Fe:bool; 2

|
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Recursive Types

[;2,c:TlsFe:t;2,c:s
2, cXm".s - c.receiveWhile{e}: t;Z,c:s

Xke:bool;X [;2,cimiske’it;2,c:s

M2, c:H{m*.s Fc.sendWhile(e){e'}: t;Z,c:s

|
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Communication of running Channels

o N

M,x:s;2,c:s,d:s’ Felc/x]:t,2,c:end,d:s”
,x:s;2,d?.s'Fx:=c.receive;e: t;2',d:s”

;2,c:s,dls.s"d.send(c): Object;,c:end,d:s’

o |
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