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Scenario

concurrent processes interacting via message-passing
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Context

seﬂd "hello" to Charlie;
receive ok from Charlie;

send ok to Bob -

receive x from Alice
if x then {
send ok to Bob;
send ok to Alice }
else {
send ok to Alice;
send ok to Bob }

receive ok from Alice;

Alice, Bob, and Charlie want to collaborate on the net
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Several potential problems
A message is sent but there is no corresponding reception ¢ Gommunication errors

¢ Protocol errors
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Context

receive ok from Charlie;

send ok to Bob -

send ok to Bob;
send ok to Alice

receive ok from Alice;
receive ok from Charlie

Several potential problems

e Communication errors
¢ Protocol errors
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send ok to Bob;
send ok to Alice

Several potential problems

e Communication errors
¢ Protocol errors
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receive ok from Charlie;
receive ok from Alice

Here Bob starves
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repeat
receive x from Alice;
send x to Alice;
until x;
send ok to Bob

Several potential problems

¢ Communication errors
¢ Protocol errors
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repeat
send false to Charlie;
receive y from Charlie;
until y; send ok to Bob

repeat
receive x from Alice;
send x to Alice;
until x;
send ok to Bob

receive ok from Charlie;
receive ok from Alice

These problems may be due to:

Several potential problems

Communication errors
e Protocol errors

3/29



Scenario and Features

Background

” ;\‘
'®

Simple Multiparty Sessions

Context

These problems may be due to:

@ Programming errors

Several potential problems

« Communication errors
e Protocol errors

Conclusion

3/29



Scenario and Features

Background
P
(7
k- & "/l
A
\J @ \-
—

These problems may be due to:

Simple Multiparty Sessions

Context

@ Programming errors
@ Software evolution
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Context

These problems may be due to:
@ Programming errors

Several potential problems
@ Software evolution
@ Rogue participants

e Communication errors
e Protocol errors

Conclusion
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Global specifications

Global specifications

* Do not describe (just) the behaviour of each single participant
® Describe the abstract global behaviour of the protocol
* Match against/Extract the behaviours of the participants.

The global specification is compact and synthetic )
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send  true t% Charlie; .
receive ok from Charlie;

ceive x from Alice;
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send_true t% Charlie; .
receive ok from Charlie;

ceive x from Alice;
T8 ¥Reh E !

send ok to Bob;
to Af?ce }

1 s ol

€ Sesen ok to A][JiC}E;
receive ok from Charlie send ko to Bo
receive ko fron?rcharlie

Example of global description

Alice sends a Boolean to Charlie;
either Charlie sends ok to Bob; Charlie sends ok to Alice;
or Charlie sends ok to Alice; Charlie sends ko to Bob;
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N
send , true tg
receive ok from Char%

-

ceive x from Alice;
ﬁ‘ X then f
send ok to B?b;
S ok to Alice }

else
seng ﬁk %o ﬁl%c;;
receive ok frmglpharlie send ko to Bo
receive ko from Charlie

Example of global description

Alice sends a Boolean to Charlie;
either Charlie sends ok to Bob; Charlie sends ok to Alice;
or Charlie sends ok to Alice; Charlie sends ko to Bob;
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An abstract
description of
this protocol

send_true Charlie;

T
receive ok %rom Char“
\|

ricelve X {rom Alice;

ggﬁ 8112 %o A?lce }

send ok to Allce

receive ok from Charlie send ko to Bob
. or .
receive ko from Charlie

Example of global description
It abstracts
values

Alice sends a Boo
either Charlie send
or Charlie sends ok to Alice;

o Charlie;

ok to Bob; Charlie sends ok to Alice;
Charlie sends ko to Bob;

Conclusion
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receive ok from Charlie
. or .
receive ko from Charlie

Example of global description

Al{rabstractslnds a Boolean to Charlie;

choices

ei

harlie sends ok to Bob; Charlie sends ok to Alice;
or Charlie sends ok to Alice; Charlie sends ko to Bob;
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a Boolean a Boolean

Alice sends a Boolean to Charlie;
either Charlie sends ok to Bob; Charlie sends ok to Alice;
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receive ko from Charlie

This send
by Charlie
must synch

Alice sends a

#o0lean to Charlie;

Conclusion

either Charlie sends ok to Bob; Charlie sends ok to Alice;
or Charlie sends ok to Alice; Charlie sends ko to Bob;
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send, true t% Charlie
receive ok from Charhe
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i Alice;
Teceive x from Alice
send ok to B?b-
els SP{I‘\ ok to Alice }
sen l?k toBA%l e;
.’ receive ok frolrjnrcharlie send ko to
receive ko from Charlie

This send
by Charlie
must synch

. with this
reception

by Bob

Alice sends a g#0lean to Charlz
either Charlie sends ok to Bob; Charlie sends ok to Alice;
or Charlie sends ok to Alice; Charlie sends ko to Bob;
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send, true t% Charlie
receive ok from Charhe

!w receive ok from Charlie
. or .
receive ko from Charlie

Alice sends a

This send . with this
by Charlie reception
must synch by Bob

©olean to Char
either Charlie sends ok to Bob; Charlie sends ok to
or Charlie sends ok to Alice;
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Global specifications

receive x from Alice;
1? X then

send o]

s ol

to Bob;
olse to Afice 3

sen ok to Alice;
send ko to Bob

Conclusion

... and
not with
this one!

Charlie sends ko to Bob;
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Description/Verification of concurrent systems

Global description

faithful /property-preserving

Implementation
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Asynchronous Communication

a queue is needed

vy ‘

2
@

+ Alice puts her message for Baloo in the queue
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Baloo takes Alice message from the queue
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Delegation

DELEGAT ION

THE ART OF GET TING THINGS DONE THROUGH OT HERS

nil
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Alice, Cheshire Cat and Bank Example
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Alice, Cheshire Cat and Bank Example
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the card number sent to Cat goes directly to Bank
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Asynchronous Delegation

~ The Cat puts its forward delegation for the Bank in the o
ses queue and becomes the frozen Bank aﬁ{:j

»2., The Bank takes Cat forward delegation from § ~
% _/the queue and becomes the Cat &

2 The Bank masked as Cat puts its backward .
& delegation for the Cat masked as Bank in the{"‘l\j
< queue and becomes back the Bank o
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Asynchronous Delegation

~ The Cat puts its forward delegation for the Bank in the ,
»os queue and becomes the frozen Bank a_@i:jj

The Bank takes Cat forward delegation from |
Qijthe queue and becomes the Cat -

2 The Bank masked as Cat puts its backward
&, delegation for the Cat masked as Bank in the{"‘l\j
< queue and becomes back the Bank

.. The Cat masked as frozen Bank takes the
\j backward delegation from the queue and be- %ﬁ

&R comes back the Cat

Conclusion
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Safety
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Safety for Asynchronous Calculi

lock freedom: no participant requiring to take a message waits forever

orphan-message freedom: no message stays forever in the queue
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Communicating Processes

Multiparty Sessions

17/29



Scenario and Features Background Simple Multiparty Sessions Conclusion

Communicating Processes

processes communicate by means of channels
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Communicating Processes

processes communicate by means of channels

delegation is realised by the synchronous sending of a channel over another
channel from the principal to the deputy
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Choreographic Typing

Robin Milner (2002) :

“Types are the leaven of computer programming; they make it digestible.”
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Choreographic Typing

Local and Global Types
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Choreographic Typing

local types describe the actions of the single participants
local types are the types of processes
global types describe the whole conversation scenario

global types can be projected on single participants to get their local types

Conclusion
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Choreographic Typing

a 3-layer approach

Projection and Subtyping

TBaloo

Type checking

| PAlice | | PBaloo | | PCat |

Conclusion
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Processes

no channels, only participant names
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Sessions

parallel composition of pairs participant/process and a queue of messages
messages are triples sender/tag/receiver
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In a typed session with the empty queue each delegation start is followed by a
delegation end.
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