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The first unsolved problem I want to talk about is
the problem of developing a fundamental theory of con-
currency. By a fundamental theory, I mean one that’s not

based upon arbitrary formal models or specific languages,
but one that’s really fundamental.
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The first unsolved problem I want to talk about is
the problem of developing a fundamental theory of con-
currency. By a fundamental theory, I mean one that’s not

based upon arbitrary formal models or specific languages,
but one that’s really fundamental.
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(A)Synchronous Interaction

(* joint project with TU Braunschweig [Goltz, Schicke, Glabbeek] *)

a )

Synchronous Communication: Asynchronous Communication:
> instantaneous > takes time

» abstract specification > concrete implementation
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Distributability

A fully reachable pure M in Petri nets [vGGS08, vGGS12]:

A

a b C




Distributability

Theorem

A Petri net is distributable if it does not contain a fully reachable pure M.
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Distributability : Steps
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Distributability : Steps
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Distributability : Steps

AR

also compare : (non-)overlapping redexes in TRSs ...



Distributability : Components

for Petri Nets:
groups of transitions that do not share places with
other groups of transitions

for process calculi, in essence:
all parallel components at syntactic top-level




Gorla-Criteria

* (weak) compositionality

[Pl Q]=C[[P]I[Q]]is allowed !

° hame invariance

* operational correspondence
(soundness/completeness of transition sequences,
up to some target equivalence)

* divergence-reflection

* success-sensitiveness
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Distributability-Preservation

distributability-preserving encodings
preserve M !



Distributability-Preservation

distributability-preserving encodings
preserve M !

good for separation results !



Some Calculi
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Process Terms:

P, =0 |

Pi | P>

| y(z).0 | y(x).P

| 2)7/<Zl> Pi | ZYI(XI) Pi
el el

where 7 = y(z) |
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Join Calculus



Y nearly every
communication
requires to solve a

global consensus
y(z)| - problem




Yi Yi

Yo

LOCALITY: at most
1 receiver per channel




LOCALITY: at most

1 receiver per channel




residence site = creation site
avoids unnecessary global communications



residence site = creation site
avoids unnecessary global communications

(vy) P (vy) ( *y(z).P | Q)




residence site = creation site
avoids unnecessary global communications

(vy) P (vy) ( *y(z).P | Q)

x P def y(x)=P in Q




residence site = creation site
avoids unnecessary global communications

(vy) P
y(x).P
*x P

(vy) ( *y(z).P | Q)

def y(xz)=P in Q

channel managers are like function definitions



Core Join

[Fournet, Gonthier, Levy, ... 1995-2000]

J
e

D := y(o)|u(w) =P
P, Q def D in QO ‘ y(x) ‘ P|Q

simultaneous multi-channel reception




Expressiveness !

[ (vy) P]
[9(2)]

[y(z).P]

def

def

def

def yo(woa wz) ‘yi(’{):’{(woa 2137,) in [[P]]
yo(zov Z,,;)

def k(xo, ;)= P ] iny;(k)




Expressiveness !

[(vy) P] ¥ defyo(To, i) |ys(k)=r(To, ;) in [ P]

[7(2)] € yolzo, 2i)

[y(z).P] ¥ defr(zo,zi)=[P]iny;(x)

def

[defy(z)|u(w)=PinQ] = (va,u) (y(z).u(w).[P]|[Q])

def

[z(u)] = Z(u)

def

[PIQ] = [P]I[Q]




Expressiveness !

def

[(vy) P] = defy,(xo,x;)|yi(k)=K(xo,x;)in[ P]
[5(z)] = yolzor2:)
[y(z).P] €  defr(zo,z:)=[ P]in yi(x)

def

[defy(z)|u(w)=PinQ] = (va,u) (y(z).u(w).[P]|[Q])

def

[z(u)] = Z(u)

def

[PIQ] = [P]I[Q]

(* and they are even fully abstract ! *)
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i [FG96, Fou98]
Te |

= Ta = J
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[PN 2], with weak compositionality
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synchronization
pattern

synchronization
pattern



synchronization

synchronization

watte ry







[ Peters, Nestmann, Goltz: ESOP 2013 ]



Open Problems

structural

conflict nets
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Open Problems
structural ------ S 7T‘ ;n

. conflict nets
* exact borderlines? b ¥
- distributability of other calculi 4 /
(ambients, Dpi, €P), .. ) W st Join
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Open Problems
structural ------ S 7T‘ ;n
. conflict nets

« exact borderlines!? %? )
- distributability of other calculi |
(ambients, Dpl, eP! ...) “gsffg/ Join
T vs NUAU e
(with DE) r g
H-frei --------------—- ?

* fundamental theory of concurrency ...



