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48h ago: talk checklist

® technical draft: ready

® cover page and thanks page: done

® some provocative bold claims: inserted

® some controversial arguments: present

® |imitation of other approaches: discussed

® roadmap and useless-but-fancy animation: added
® 3 good story to start with? panic!

® any kind of start? null! niente! nada! no idea! http error 404!
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erters block alert
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'MISS A START
- SALAMANCA

INTEMCTION '
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My first talk!
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|5 years ago...
from yesterday

12th WADT Workshop on Algebraic Development Techniques

Tuesday, June 3 - Saturday, June 7
Tarquinia - Italy

Preliminary Program

Organized by the

Dipartimento di Scienze dell’Informazione
Universita degli Studi di Roma La Sapienza

Friday June 6

Chair Ehrig H.

9.00-10.00 Inwvited Talk: Montanari U.
The Tile Model and its relation with Rewriting Logic

10.00-10.25 Bruni R.
Introduction to zero safe nets

10.25-11.00 Coffee Break
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Really glad to be here, now!
Thanks for the opportunity

Let’s begin
(but feel free to interrupt)




Roadmap

® Problem statement: intro and motivation
® A new kind of interaction
® Handling message content
® Encoding mobile ambients

® Conclusion and future work
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Setting

Modelling concurrent communicating systems
Process calculi approach

(some basic knowledge of CCS and pi assumed,
some details omitted)
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Interaction

An interaction is an action by which
(communicating) processes
can influence each other
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Milner’s CCS interaction

co-action prefix
(output?)

a.P | a.Q)

action prefix
(input?)




Milner’s CCS interaction

(input?)

v

co-action prefix
(output?)

a.P | a.Q)

action prefix

a ® 0 = T silent action




Milner’s CCS interaction

(input?)

P

v

co-action prefix
(output?)

a.P | a.Q)

action prefix

a ® 0 = T silent action

()




Milner’s pi interaction

ar.P | a(y).Q

T

P \ Qlx/y




Any better abstraction?

Internet
Biology
Social networks
Autonomic systems

/O is the basic form of interaction
but “one size cannot fit all”’

(it is possibly misleading to think so:
not all interactions are mutual/reciprocal)
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Would you...!?

...model piano playing using dyadic interaction

A A

L

7

Open multiparty interactions are like playing piano
(either bad or good, it does not matter)
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Driving vision of this
talk

Interaction is like a puzzle:

it requires different pieces to fit together




Bold claim #l

Mutual (I/O-like) interaction is like a kid’s puzzle
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Multiparty interaction

An interaction is multiparty when
it involves two or more processes

T RS - -~ . —— e~ . e » e g
‘A"-' < ’4/‘ 93 P \ t“ v ?‘..~ i L Y . % . * . w '
RLRAN A ALY - " A
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Open interaction

An interaction is open when
the number of involved processes is not fixed
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Our aim

Extend the theory of dyadic interactions
as little as possible
as well as possible

to deal with open multiparty interaction
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Motivating example

How to encode Cardelli&Gordon’s mobile ambients
(in ordinary process calculi)?

CCS/CSP:
immutable connectivity

pi: mobile ambients:
channel mobility mobility of nested processes
(barrier crossing)
HOpi:

flat process mobility
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Process algebra ops

0O nil
u.P action prefix
P+ () sum
P|Q parallel

(va)P restriction
P replication

X process variable
rec X.P recursive process

P|¢| renaming




Named, mobile, active,
hierarchical ambients

An ambient is a place where computation happens
An ambient defines some sort of boundary

An ambient has a nhame
An ambient has a collection of local processes
An ambient has a collection of sub-ambients

Ambients are subject to capabilities:
Ambients can move in/out of other ambients
Ambients can dissolve
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(Pure) Ambient calculus

0
m/[P|
M.P
PlQ

(va)P
P

In m
out m
open m

nil
ambient

exercise a capability

parallel
restriction
replication

entry capability
exit capability
open capability

m]

P
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(Pure) Ambient calculus

0O nil
m|P| ambient
M.P exercise a capabilit
P|(@Q parallel

(va)P restriction fm ]
P replication P [

in m entry capability
out m exit capability

open m open capability
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Ambient calculus:
semantics

Structural congruence

P=P Q=P=P=( P=0,0=R=P=R
Pl0O=P Plo=0Q|P (P1Q)[R=P[(Q|R)
(vrn)0=0 (vn)(vm)P = (vm)(vn)P P=Q=PR=Q|R
(va)(P| Q) =P | (vn)Q, if n¢ fn(P) P=0= (vn)P=(vn)Q
\P=P|!P (vn)(m[P]) =m|(vn)P]|, if n#m P=Q=n|P|=n|0]

Reduction semantics

[inm.P[Q][m[R] — m[n[P|Q][R] = “m[n[outm.P|Q][R] — n[P[Q]m[R] "=

P—0 o P—Q -
openn.P|n|Q] — P|Q (V)P = (V)0 (Res) 2TP]— (0] (Amb)
P=0 (Par) P=p il Q= Q/ (Cong)

P|R— Q|R P — QO
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(Out)

m{njoutm.P|Q||R| — n[P|Q]|m[R]

[ m \ = [ m \ -




(Open)

openn.P|n|Q

open n. P




A challenge for the
audience

Why is it difficult to encode ambients into pi?
(How would you proceed?)




A challenge for the
audience

Why is it difficult to encode ambients into pi?
(How would you proceed?)

Personal guess:
it is just because ambient-like interaction
is inherently non-dyadic!
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Ambients as graphs

Location
where n lives

|

n
Ambient n l

Location where the
content of n lives




Ambients as graphs

Location
where n lives

|

N

Ambient n

¢ Location where the
content of n lives




Ambients as graphs

Location
where n lives

|

N

Ambient n

Location where the
\ content of n lives




Ambients as graphs

Location
where n lives

|

N

Ambient n

Location where the
/\ content of n lives




Ambients as graphs

Location
where n lives

™

N

Ambient n

Location where the
/\ content of n lives




Ambients as graphs

Location
where n lives

I

N

Ambient n

Location where the
/\ content of n lives




n T

A |

nmP Q R

(In), again

three-party interaction

(at least)

N
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(In), again

three-party interaction

(at least)

N
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(In), again

three-party interaction

(at least)

N
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(In), again

three-party interaction

(at least)

N
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(In), again

three-party interaction
(at least)
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(Out), again

A

out m.P

Q

N

three-party interaction

(at least)
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(Out), again

out m.P

N

three-party interaction

(at least)
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(Out), again

out m.P

N

three-party interaction

(at least)

giovedi 7 giugno 2012



“

(Out), again

/]

n| R

N

three-party interaction

(at least)
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(Out), again
N AN

T T
R P Q R

three-party interaction
(at least)
out m.P| @
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(Open), again
/N N\

open n.P n P
[ O
Q Q

looks like a two-party interaction, but it is not!
It is open! (accident of fate):
many processes (Q) change location at once
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(Open), again
N

n P

Q Q

looks like a two-party interaction, but it is not!
It is open! (accident of fate):
many processes (Q) change location at once
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(Open), again

Q Q

looks like a two-party interaction, but it is not!
It is open! (accident of fate):
many processes (Q) change location at once

giovedi 7 giugno 2012



(Open), yet another

F

Q

forwarder

ok, now it is a two-party interaction
But (In) and (Out) become open!
they must involve as many fwd-ers as needed
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Some consequences

Proposed encoding are either quite involved
or centralized (unnecessary bottle-necks)

LTS semantics for ambients are ad-hoc

(to say the least)
and based on HO labels
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Some references

Fabio Gadducci, Giacoma Valentina Monreale: A decentralised

graphical implementation of mobile ambients. . Log. Algebr.
Program. 80(2): 113-136 (2011)

Linda Brodo: On the Expressiveness of the pi-Calculus and the
Mobile Ambients. AMAST 2010: 44-59

Gabriel Ciobanu,Vladimir A. Zakharov: Encoding Mobile Ambients
into the pi -Calculus. Ershov Memorial Conference 2006: 148-165

Linda Brodo, Pierpaolo Degano, Corrado Priami: Reflecting Mobile
Ambients into the p-Calculus. Global Computing 2003:25-56

Cédric Fournet, Jean-Jacques Léevy,Alan Schmitt: An Asynchronous,
Distributed Implementation of Mobile Ambients. IFIP TCS 2000:
348-364
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http://www.informatik.uni-trier.de/%7Eley/db/conf/ershov/ershov2006.html#CiobanuZ06

Roadmap

® Problem statement: intro and motivation
® A new kind of interaction
® Handling message content
® Encoding mobile ambients

® Conclusion and future work
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(Recall our aim)

Extend the theory of dyadic interactions
as little as possible
as well as possible

to deal with open multiparty interaction

and to encode mobile ambients
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Guidelines

Keep the syntax simple
Do not move the complexity to SOS rules

All we need is just a proper synchronization algebra
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Linked interaction

We regard an interaction as a chain of links
(still a kid’s puzzle after all)
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Process algebra ops

0

nil

. P action prefix

P+ Q

PlQ
(va)P
P

X
rec X.P

P[]

Sum We take as action
parallel  the offering of a link
restriction

replication

process variable
recursive process

renaming
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Notation

(l interaction over a

T~ silent interaction

>k any interaction (only in labels)
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Link

87
\6 From o to P
Valid:
o= B =xor £
%
¥ Virtual if \>!<

6 Solid (otherwise)




Examples: CCS-like

a




Examples: CCS-like




Examples: three party

Swiss-bank box

L D

a

——
.’..' ..7 " 4
A I‘ 1, . F“" —

... 'f‘ rl " a ——

<> e
\ <
) \ .




Examples: three party

Swiss-bank box

L D

——

e T ,
s I‘ ‘[1 ; s,

<> S ——r—
\ L &
) \ .

T\|lQ b
a bl T




Examples: CSP

a




Examples: CSP

a a a
a a a




Link chain

“N\g P\ - T\

such that:
Bis iy € {T,*} implies B; = ;41

D; =7 Ul a1 =

Vi.ag, B; € {7,*} implies Vi.a; = 8; = 7




Link chain: terminology

“N\g P\ - T\

Solid:
if all its links are so

Simple:
if it contains exactly one solid link

e s:
s 1s simple and /¢ is the only solid link in s




Examples: non solid

Virtual links *\*
can be read as missing pieces of the puzzle

T1lx||b
al||x||T




Examples: simple
T Xk i

a >k >k
x || * || D

X > T




Counter-examples
b
>k T
|| 7 ’*bél
*
X T T

ﬁ
% | %




Merge

(All the ops we show are strict)

o if f=x
e f3 = B if o=«
1 otherwise
/ (@ed)\ ooy ifaxea,fefB #L
T\ pe @\ L { \(Bep) B e #

- 1 otherwise

The definition extends to chains element-wise
(the result is undefined if the outcome is not valid)
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Examples: merge
T Xk i

a >k >k
x || * || D

X > T




Examples: merge

|L>x< b
a || ||7T




Restriction

TT lf OC — ﬁ — |
1 otherwise

{ IBOC ifO(,,B#a

ifOCl,,Bn%a




Examples: restriction

(va)

-

5

o




(Relevant) SOS rules

(solid)  (simple)

\)
£ES  (aat PP (Res
(.P— P (VCI)P (Va)s> (VCZ)P/
S pf S pl s /
P ? P/ (Lpar) P— P / 0— 0 Com)
P‘Q%P|Q P‘Q S0S>P/|Q/

(look as ordinary CCS rules)




Example

(va)("\a-P | “\o-Q | "\r.R)




T\a

Example
(va)("\a-P | “\o.Q | *\7.R)

AW




T\a

Example

(va)("\a-P | “\o-Q | "\r.R)

AW

P

“Np.Q

T\ \b \x

> ()




Example

(va)("\a-P | “\o-Q | "\r.R)

AW

"\a P

“Np.Q

T\ \b \x

> ()

Na-P | “\p-Q

NG\




Example
(va)("\a-P | “\o.Q | *\7.R)
AN Y

RYATA VN

P “\u.Q

T\a

NP M@ L b e VN




Example
(va)("\a-P | “\o.Q | *\7.R)
e\

RYATA VN

P “\u.Q

™,.P

NP M@ L b e VN

R

T\ a\ b
T\a.P | a\b-Q ‘ b\T-R \a\b\T , P | Q | R




Example
(va)("\a-P | “\o.Q | *\7.R)
e\

RYATA VN

P “\u.Q

™,.P

NP M@ L b e VN

R

NP | M@ | R T o | R
\\2\~

(va)("\a-P | “\o-Q | "\+.R) > (va)(P | Q| R)




Fact

The process algebra of linked interactions
is a straightforward extension of CCS
It includes CCS as a sub-calculus

Finer (bisimilarity over the) LTS wrt CCS:
three kinds of meaningful observables

"\a o\ \r \r
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Fact

The process algebra of linked interactions
is a straightforward extension of CCS
It includes CCS as a sub-calculus

Finer (bisimilarity over the) LTS wrt CCS:
three kinds of meaningful observables

"\a "\a\e\r \r
Na\r + AN 2 \a |7\
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Fact

The process algebra of linked interactions
is a straightforward extension of CCS
It includes CCS as a sub-calculus

Finer (bisimilarity over the) LTS wrt CCS:
three kinds of meaningful observables

"\a \a\2\r \7
Na\r + \e\a % \a | \s
T\avT\b + T\b-T\a ~ T\a ‘ T\b
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Some references

® U. Montanari and M. Sammartino. Network
conscious pi-calculus. Technical Report
TR-12-01, Computer Science Department,
University of Pisa, 201 2.
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Roadmap

® Problem statement: intro and motivation
® A new kind of interaction
® Handling message content
® Encoding mobile ambients

® Conclusion and future work
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Name mobility

Ready to handle mobile ambients interactions

but we need to update locations of processes
when ambient moves

some form of name mobility is needed
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Handling name mobility

Aim: introduce polyadic communication
and reuse/rely on pi as much as possible

Lo a(T)\
One possibility: \by-P
each link receive some arguments and
send some names... too complex

Another possibility: a\b?C/-P
each link in the chain carry the same list of arguments...
but with different (send/receive) capabilities
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Separation of concerns
POR:=--- | lt.P

This way we separate
the interaction mechanism  /
from
the name passing mechanism ¢

(We formalize them separately and
then fit them together)




No need to reinvent the
wheel

We can easily borrow from pi
the name handling machinery
(and free it from dyadic interaction legacy)

Pl a(z).Q (waitsinput fromP) P'|Q[b/x]
P | az.Q (outputs to P) P Q

P | (vr)ax.Q (extrudes to P) (vy)P' | Qly/x]




Tuple

value (output)

<ﬂf> W= T
x  variable (input)

variables are instantiated by values

values are used for matching arguments

(n,m, x)

(Y, m, k)




Tuple

value (output)

<ﬂf> W= T
x  variable (input)

variables are instantiated by values

values are used for matching arguments

<7L, 1, £> Assigns n to y

| = 1 Matches mwith m
<y " k> Assigns k to x
PARERS




Extrusion

an argument in a tuple can be extruded if it is
not already annotated

extruded arguments are overlined

(Vva)w

(Vva)(wy,...,wy)

(va)(st)

A

L

a
W

L

fw=aVw=a

1fw=a
otherwise

(va)wi,...,(va)w,) ifVie[l,n].(va)w; # L

otherwise

1
(va)s)((va)) if (va)s £ LA(va) # L

otherwise
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Merge

w if(w=w=v)V(w=w =y)
e 2 v if(w=vAw =v)V(w=vAw =v)
B v if(w=vAwW =v)V(w=vAWw =7)
1 otherwise
( / / . . /
I A (wi ewi,....,wyew ) ifVie|l,nl.w ew,# L
<W1 RRES Wn> ® <W1 5 enes Wn> — <\ 1 otherwise
egy 2 <( (sos')(tet) ifsos’.#J_/\tot’#J_
L otherwise

giovedi 7 giugno 2012



(Relevant) SOS rules

les g=1p

e (Act)
(t.P = Pp
o o (a appears in g)
P—= P ag P—= P acg
: (Res) (Open)
V
(va)P 258, (va)P' (va)P V8 pr

(analogous to (early) pi rules)
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(Relevant) SOS rules

(Sxtruded names of g)

P=P ( ) Nfin(Q) =0
(Lpar)
P|Q = P'|Q
S ¢ o ( )ﬂfn(Q) ( /) ﬂfn(P) =0
PP 0 =55 O ses isnotsolid

(Com)

PlQ 2228, p|of

o ex(g) Nfn(Q) = ex(g ) Nfu(P) = 0
P p 0% vars(ge g') =0 ses'is solid Close
OSC

S.S

P|Q — (vex(g e g'))(P'|Q)
(analogous to (early) pi rules)
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Fact

The process calculus of linked interactions with name
mobility is a straightforward extension of pi
It includes pi as a sub-calculus

Finer (bisimilarity over the) LTS wrt pi
(but it is a congruence)
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Some references

® Roberto Bruni, Ivan Lanese: Parametric
synchronizations in mobile nominal calculi.

Theor. Comput. Sci. 402(2-3): 102-119
(2008)

® Marco Carbone, Sergio Maffeis: On the
Expressive Power of Polyadic
Synchronisation in pi-calculus. Nord. J.

Comput. 10(2): 70-98 (2003)



http://www.informatik.uni-trier.de/%7Eley/db/indices/a-tree/l/Lanese:Ivan.html
http://www.informatik.uni-trier.de/%7Eley/db/indices/a-tree/l/Lanese:Ivan.html
http://www.informatik.uni-trier.de/%7Eley/db/journals/tcs/tcs402.html#BruniL08
http://www.informatik.uni-trier.de/%7Eley/db/journals/tcs/tcs402.html#BruniL08
http://www.informatik.uni-trier.de/%7Eley/db/indices/a-tree/m/Maffeis:Sergio.html
http://www.informatik.uni-trier.de/%7Eley/db/indices/a-tree/m/Maffeis:Sergio.html
http://www.informatik.uni-trier.de/%7Eley/db/journals/njc/njc10.html#CarboneM03
http://www.informatik.uni-trier.de/%7Eley/db/journals/njc/njc10.html#CarboneM03
http://www.informatik.uni-trier.de/%7Eley/db/journals/njc/njc10.html#CarboneM03
http://www.informatik.uni-trier.de/%7Eley/db/journals/njc/njc10.html#CarboneM03

Roadmap

® Problem statement: intro and motivation
® A new kind of interaction
® Handling message content
® Encoding mobile ambients

® Conclusion and future work
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o U

i

Encoding mobile
ambients

d;, requests from in capability

Ui requests from an ambient
with in capability inside

Aour requests from out capability

requests from an ambient

d
ou] with out capability inside

Qopn  requests from open capability
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Sketch of the idea




Sketch of the idea

T\ain <m7 E> a o C

in m.P| @ R
(P does not really
care about x)




Sketch of the idea

~~

"o w2 AR
(n[ ] does not really

care about y)

T\ain <m7 E> a o C

(P does not really
care about x)




Sketch of the idea

~~

tin \b[in] <Q7 2 ’ Plim \7' <m7 E>

(n[ ] does not really m must match
care about y) c(needed by n[ j)

T\az’n <m7 i> a o C

(P does not really
care about x)
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Sketch of the idea

T\ Qin b n
Ain \bEzni \T <m’ E>
am\b[m] Y, 2) ’ Vlin) \r(m, ¢)
(n[ ] does not really m must match
care about y) c(needed by n[ j)

T\az’n <m7 E> a o C

(P does not really
care about x)

giovedi 7 giugno 2012



Sketch of the idea

-\ b
MG\ (m,

~~

N\ 152 A b\ (. 3)

(n[ ] does not really m must match
care about y) c(needed by n[ ])

T\az’n <m7 E> d o C

c (and a) are typically
restricted: ¢ must be
extruded

(P does not really
care about x)
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Desiderata

P — P implies [P]z— [P']a

[P]la — Q implies 3P Q= [P']as P— P

But both statements fail because of forwarders!




Roundabout

Extend ambients with parentheses
P = - | (P)

They are introduced when an ambient is dissolved




The encoding

[0] =
[n[P]]la = (vb)(Amb(n,b,a)|[P];)
[(P)]a 2 (vB)(Fwd(b,a)|[P];) |
[inm.Pla 2 "\, (m,%).[P]a [Plo]a = [PlallQla
loutm.P]; 2 \o (m,&.[P] [(vn)Pla = (vn)[Pla
[openn.Pls 2 "\, (n).[P]a ['P]l; = recX.([P]alX)

Amb(n,a,f) = “\p (m,2).Amb(n,a,z) +7\(n,a).Amb(n,a, ) +
N fo (1, 2) Amb(n, @, Z) + Y\ o (n, f).Amb(n,a, f) +

l

u&z
~~1

Fwd(

) 4w\ (0, X) Fwd(a, f) +
Fwd(a, f)+7""\q,,, (n).Fwd(a, f

opn

) £ \p (0, X).Fwd(a, f) + ]\f (n, %) .Fwd(a, f) +7\g,,, (n, %) .Fwd(a, f) +
< a, (@,
f)
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Roadmap

® Problem statement: intro and motivation
® A new kind of interaction
® Handling message content
® Encoding mobile ambients

® Conclusion and future work
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Conclusion

Envisage interaction like a puzzle
A theory of linked interactions

Derive standard first-order LTS semantics
(and suitable bisimilarities congruences)
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Ongoing work

Relation with existing LTS semantics
for mobile ambients
(conjecture: slightly finer equivalence)
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Future work

Expressiveness

Extensions:
non-simple prefixes
graph-driven interaction

T ax xb cc. TT. T
‘"o —"0—0—0-
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Future work

Expressiveness

Extensions:
non-simple prefixes
graph-driven interaction

T ax xb cc. TT. T
‘"o —"0—0—0-

T ax.xb.cc.TT. T

X a T
a a T
T 0 NT TL T
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