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Introduction

Encodings

LS = h PS, 7�!S i LT = h PT, 7�!T i

J · K : PS ! PT

I quality criteria rule out trivial or meaningless encodings
preserve the “abstract” behaviour
reflect the “abstract” behaviour
do not introduce deadlock or divergence

I general framework [Gor10]
J P | Q K = C [ J P K | J Q K ] is allowed !
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Solved 
1983 Invited Address 

Problems, Unsolved Problems and 
Problems in Concurrency 

Leslie Lamport I 

Non- 

This is an edited transcript of a talk given at last year's 
conference. To preserve the flavor of the talk and the ques- 
tions, 1have done very little editing--mostly eliminating su- 
perfluous words and phrases, correcting especially atrocious 
grammar, and making the obvious changes needed when re- 
placing slides by figures. The tape recorder was not func- 
tioning for the first few minutes, so 1 had to recreate the 
beginning of the talk. 

I t 's  an honor to be invited to speak here at the second 
PODC conference. I 'd like to think that  it was because of 
nay work, but I suspect that the real reason is that  I tend to 
be controversial, saying all sorts of things that  will offend 
people and liven things up. To paraphrase Isaac Newton: 

If I have received more notice than other men, 
it was by stepping on the toes of giants. 

Well, I 'll try not to disappoint you. 
What  I 'm going to present here are my own personal 

views. Needless to say, I don ' t  expect  most of you to agree 
with these views. Saying what is and is not a problem in- 
volves predict ion--deciding just  what will be regarded in 
the future as the real problems in concurrency. To show 
how successful I am, I'll just  tell you that  when Susan 
Owicki first described Pnueli 's  use of temporal  logic-- in  a 
seminar she gave around the summer  of '79 or ' 80- - I  knew 
immediately that it was formal nonsense that  wasn't  really 
good for anything. 2 So, with that  piece of prognostication 
to vouch for my abilit_ies as a fortune teller, I 'll begin. 
l Work supported in part by the National Science Foundation under 
grant number MCS-81Ot-159, and by the Army Research Office under 
grant number DAAGit9-83-K-0119. 

"~After the talk, I was told that some people didn't get the joke and 
thought l.was insulting Pnueli. In fact, much of my recent research 
has been based upon Pnueli's work in temporal logic. 

Permission to copy without fee all or part of this material is granted 
provided that the copies are not made or distributed for direct 
commercial advantage, the ACM copyright notice and the title of the 
publication and its date appear, and notice is given that copying is by 
permission of the Association for Computing Machinery. To copy 
otherwise, or to republish, requires a fee and/or specific permission. 

~ 1984 A C M  0-89791-143-1 84 008 000l  $00.75 

Shared Variables 1965 
Semaphores 1968 
Monitors 1972 
CSP 1978 

Figure 1: The  history of s tandard concurrency. 

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 tha t ' s  really fundamental.  

I recently heard a speaker use the phl'ase "standard 
concurrency". After listening to him for a while, it turned 
out that  by "standard concurrency" he meant  CSP. 

Those who cannot remember the past are con- 
demned to repeat it. 

George Santayana 
The history of s tandard concurrency is shown in Figure 1. 
When I started working in concurrency, s tandard concur- 
rency meant  semaphores. (Actually, conditional critical 
regions started challenging semaphores, but monitors be- 
came the standard before conditional critical regions had a 
chance.} Papers that  claimed to be about synchronization 
were really about semaphores. 

Well, synchronization isn't really semaphores, or moni- 
tors or CSP. Synchronization is something more fundamen- 
tal. I don' t  mean to put down CSP. It 's  a fine language--  
or, more precisely, a fine set of communicat ion constructs. 
Hoare deserved his Turing award. But, so did Dijkstra. 

Some of you may think that  was way back then, but 
now we really know what concurrency is all about, and we 
really know that  CSP is the right way of doing things. For 
those of you who think that  way, I 'd like to remind you that 
while we theoreticians are busy studying CSP, people out 
there in the real world are building Ethernets.  And CSP 
doesn ' t  seem to me to be a very good model of Ethernets. 

Anyway, what I really want to talk about is a funda- 
mental theory of synchronization or  concurrency. To give 
you an example of what it is that  I would like to see, I'll 
talk about something that  I do understand a little about--- 



Solved 
1983 Invited Address 

Problems, Unsolved Problems and 
Problems in Concurrency 

Leslie Lamport I 

Non- 

This is an edited transcript of a talk given at last year's 
conference. To preserve the flavor of the talk and the ques- 
tions, 1have done very little editing--mostly eliminating su- 
perfluous words and phrases, correcting especially atrocious 
grammar, and making the obvious changes needed when re- 
placing slides by figures. The tape recorder was not func- 
tioning for the first few minutes, so 1 had to recreate the 
beginning of the talk. 

I t 's  an honor to be invited to speak here at the second 
PODC conference. I 'd like to think that  it was because of 
nay work, but I suspect that the real reason is that  I tend to 
be controversial, saying all sorts of things that  will offend 
people and liven things up. To paraphrase Isaac Newton: 

If I have received more notice than other men, 
it was by stepping on the toes of giants. 

Well, I 'll try not to disappoint you. 
What  I 'm going to present here are my own personal 

views. Needless to say, I don ' t  expect  most of you to agree 
with these views. Saying what is and is not a problem in- 
volves predict ion--deciding just  what will be regarded in 
the future as the real problems in concurrency. To show 
how successful I am, I'll just  tell you that  when Susan 
Owicki first described Pnueli 's  use of temporal  logic-- in  a 
seminar she gave around the summer  of '79 or ' 80- - I  knew 
immediately that it was formal nonsense that  wasn't  really 
good for anything. 2 So, with that  piece of prognostication 
to vouch for my abilit_ies as a fortune teller, I 'll begin. 
l Work supported in part by the National Science Foundation under 
grant number MCS-81Ot-159, and by the Army Research Office under 
grant number DAAGit9-83-K-0119. 

"~After the talk, I was told that some people didn't get the joke and 
thought l.was insulting Pnueli. In fact, much of my recent research 
has been based upon Pnueli's work in temporal logic. 

Permission to copy without fee all or part of this material is granted 
provided that the copies are not made or distributed for direct 
commercial advantage, the ACM copyright notice and the title of the 
publication and its date appear, and notice is given that copying is by 
permission of the Association for Computing Machinery. To copy 
otherwise, or to republish, requires a fee and/or specific permission. 

~ 1984 A C M  0-89791-143-1 84 008 000l  $00.75 

Shared Variables 1965 
Semaphores 1968 
Monitors 1972 
CSP 1978 

Figure 1: The  history of s tandard concurrency. 

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 tha t ' s  really fundamental.  

I recently heard a speaker use the phl'ase "standard 
concurrency". After listening to him for a while, it turned 
out that  by "standard concurrency" he meant  CSP. 

Those who cannot remember the past are con- 
demned to repeat it. 

George Santayana 
The history of s tandard concurrency is shown in Figure 1. 
When I started working in concurrency, s tandard concur- 
rency meant  semaphores. (Actually, conditional critical 
regions started challenging semaphores, but monitors be- 
came the standard before conditional critical regions had a 
chance.} Papers that  claimed to be about synchronization 
were really about semaphores. 

Well, synchronization isn't really semaphores, or moni- 
tors or CSP. Synchronization is something more fundamen- 
tal. I don' t  mean to put down CSP. It 's  a fine language--  
or, more precisely, a fine set of communicat ion constructs. 
Hoare deserved his Turing award. But, so did Dijkstra. 

Some of you may think that  was way back then, but 
now we really know what concurrency is all about, and we 
really know that  CSP is the right way of doing things. For 
those of you who think that  way, I 'd like to remind you that 
while we theoreticians are busy studying CSP, people out 
there in the real world are building Ethernets.  And CSP 
doesn ' t  seem to me to be a very good model of Ethernets. 

Anyway, what I really want to talk about is a funda- 
mental theory of synchronization or  concurrency. To give 
you an example of what it is that  I would like to see, I'll 
talk about something that  I do understand a little about--- 

Solved 
1983 Invited Address 

Problems, Unsolved Problems and 
Problems in Concurrency 

Leslie Lamport I 

Non- 

This is an edited transcript of a talk given at last year's 
conference. To preserve the flavor of the talk and the ques- 
tions, 1have done very little editing--mostly eliminating su- 
perfluous words and phrases, correcting especially atrocious 
grammar, and making the obvious changes needed when re- 
placing slides by figures. The tape recorder was not func- 
tioning for the first few minutes, so 1 had to recreate the 
beginning of the talk. 

I t 's  an honor to be invited to speak here at the second 
PODC conference. I 'd like to think that  it was because of 
nay work, but I suspect that the real reason is that  I tend to 
be controversial, saying all sorts of things that  will offend 
people and liven things up. To paraphrase Isaac Newton: 

If I have received more notice than other men, 
it was by stepping on the toes of giants. 

Well, I 'll try not to disappoint you. 
What  I 'm going to present here are my own personal 

views. Needless to say, I don ' t  expect  most of you to agree 
with these views. Saying what is and is not a problem in- 
volves predict ion--deciding just  what will be regarded in 
the future as the real problems in concurrency. To show 
how successful I am, I'll just  tell you that  when Susan 
Owicki first described Pnueli 's  use of temporal  logic-- in  a 
seminar she gave around the summer  of '79 or ' 80- - I  knew 
immediately that it was formal nonsense that  wasn't  really 
good for anything. 2 So, with that  piece of prognostication 
to vouch for my abilit_ies as a fortune teller, I 'll begin. 
l Work supported in part by the National Science Foundation under 
grant number MCS-81Ot-159, and by the Army Research Office under 
grant number DAAGit9-83-K-0119. 

"~After the talk, I was told that some people didn't get the joke and 
thought l.was insulting Pnueli. In fact, much of my recent research 
has been based upon Pnueli's work in temporal logic. 

Permission to copy without fee all or part of this material is granted 
provided that the copies are not made or distributed for direct 
commercial advantage, the ACM copyright notice and the title of the 
publication and its date appear, and notice is given that copying is by 
permission of the Association for Computing Machinery. To copy 
otherwise, or to republish, requires a fee and/or specific permission. 

~ 1984 A C M  0-89791-143-1 84 008 000l  $00.75 

Shared Variables 1965 
Semaphores 1968 
Monitors 1972 
CSP 1978 

Figure 1: The  history of s tandard concurrency. 

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 tha t ' s  really fundamental.  

I recently heard a speaker use the phl'ase "standard 
concurrency". After listening to him for a while, it turned 
out that  by "standard concurrency" he meant  CSP. 

Those who cannot remember the past are con- 
demned to repeat it. 

George Santayana 
The history of s tandard concurrency is shown in Figure 1. 
When I started working in concurrency, s tandard concur- 
rency meant  semaphores. (Actually, conditional critical 
regions started challenging semaphores, but monitors be- 
came the standard before conditional critical regions had a 
chance.} Papers that  claimed to be about synchronization 
were really about semaphores. 

Well, synchronization isn't really semaphores, or moni- 
tors or CSP. Synchronization is something more fundamen- 
tal. I don' t  mean to put down CSP. It 's  a fine language--  
or, more precisely, a fine set of communicat ion constructs. 
Hoare deserved his Turing award. But, so did Dijkstra. 

Some of you may think that  was way back then, but 
now we really know what concurrency is all about, and we 
really know that  CSP is the right way of doing things. For 
those of you who think that  way, I 'd like to remind you that 
while we theoreticians are busy studying CSP, people out 
there in the real world are building Ethernets.  And CSP 
doesn ' t  seem to me to be a very good model of Ethernets. 

Anyway, what I really want to talk about is a funda- 
mental theory of synchronization or  concurrency. To give 
you an example of what it is that  I would like to see, I'll 
talk about something that  I do understand a little about--- 



Asynchrony 
& 

Distributability



(A)Synchronous Interaction
Motivation

Synchronous and Asynchronous Interaction in Dist. Sys.

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

Synchronous Communication:

I instantaneous

I abstract specification

Asynchronous Communication:

I takes time

I concrete implementation

Implement asynchrony in synchrony while preserving distributability?

Peters/Nestmann (TU Berlin) Translational Expressiveness September 26, 2012 2 / 21



Two activities can be implemented at different nodes, 
if they do not share anything they need to proceed. 

Distributability



Negative Results

Synchronisation Pattern M

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

a b c

Theorem

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

Contributions

Transferring this result on Petri nets into a result between process calculi.
A proof method for separation results based on synchronisation patterns.
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On Distributability in Process Calculi 17

a

b

c

(a)

P

M

a

b

c

⇥
a k b

a k c

⇥
b k c

(b)

Fig. 2 A fully reachable pure M in Petri nets (a) & the M as state in a transitions system (b).

5.1 The Synchronisation Pattern M

The possibility to implement a (synchronous) Petri net specification within an
asynchronous setting are analysed in [27]. There, the authors find a semi-structural
property called M that distinguishes distributable Petri nets from those nets that
may only under additional assumptions on the underlying system structure be
implemented in a fully asynchronous and distributed setting.

An M, as visualised in Figure 2 (a), describes a Petri net that consists of two
parallel transitions (a and c) and one transition (b) that is in conflict with both of
the former. In other words, it describes a situation where either two parts of the
net can proceed independently or they synchronise to perform a single transition
together. We denote such descriptions of special situations of synchronisation as
synchronisation pattern. [27,28] states that a Petri net specification can be imple-
mented in an asynchronous, fully distributed setting i↵ it does not contain a fully
reachable pure M. Accordingly, they denote such Petri nets as distributable. They
also present a description of a fully reachable pure M as conditions on a state
P

M in a step transition system, as visualized in Figure 2 (b), which allows us to
directly use this pattern to reason about process calculi. Note that a, b, and c in
Figure 2 (b) are not labels. They serve just to distinguish di↵erent steps. Moreover,
x k y refer to the parallel execution of x and y, given a step semantics.

Definition 14 (Synchronisation Pattern M) Let h P, 7�! i be a process calculus
and P

M

2 P such that:
1. P

M can perform at least three alternative reduction steps a : PM

7�! P
a

, b :
P

M

7�! P
b

, and c : PM

7�! P
c

such that P
a

, P
b

, and P
c

are pairwise di↵erent.
2. Moreover, the steps a and c are parallel in P

M.
3. But b is in conflict with both a and c.
In this case, we denote the process P

M as M. If the steps a and c are distributable
in P

M, then we call the M non-local. Otherwise, the M is called local.

The following example visualises a local M in the join-calculus.

Example 1 (Local M in the join-calculus.) Consider the J-term

P

M

J = def x(z) | y
�
z0
�
. z

⌦
z0
↵
in (xhui | xhvi | yhui | yhvi) .

To show that P

M

J is an M, we can for example choose:
– a : PM

J 7�! uhui | def x(z) | y
�
z0
�
. z

⌦
z0
↵
in (xhvi | yhvi),

Distributability : Steps
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also compare : (non-)overlapping redexes in TRSs …
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Distributability : Components

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

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



• (weak) compositionality  
 

• name invariance  

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

• divergence-reflection  

• success-sensitiveness

Gorla-Criteria

Introduction

Encodings

LS = h PS, 7�!S i LT = h PT, 7�!T i

J · K : PS ! PT

I quality criteria rule out trivial or meaningless encodings
preserve the “abstract” behaviour
reflect the “abstract” behaviour
do not introduce deadlock or divergence

I general framework [Gor10]
J P | Q K = C [ J P K | J Q K ] is allowed !
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Distributability-Preservation



Distributability-Preservation

distributability-preserving encodings  
preserve M !



Distributability-Preservation

distributability-preserving encodings  
preserve M !

good for separation results !



Some Calculi



Outline

Distributability in Pi-like Calculi

⇡m

⇡s ⇡a

J

synchronous

asynchronous
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Introduction

Process Calculi—Variants of the Pi-Calculus

L = h P, 7�! i

Process Terms:

Pa ::= 0 | P1 | P2 | (⌫x)P | yhzi .0 | y(x) .P | y?(x) .P

Ps ::= . . . | yhzi .P | . . . |
X

i2I
y
i

hz
i

i .P
i

|
X

i2I
y
i

(x
i

) .P
i

Pm ::= . . . |
X

i2I
⇡
i

.P
i

where ⇡ ::= yhzi | y(x)

Reduction Semantics:

7�! { z/x }P | Q
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Core Join
Core Join

simultaneous multi-channel reception

[Fournet, Gonthier, Lévy, ... 1995-2000]
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Positive Results

Abstract Expressive Power

⇡m ⇡s ⇡a J
id id [FG96, Fou98]

[FG96, Fou98][Nes00]
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[PN12], with weak compositionality
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“good”	


encodings

“good” = [Gorla] + “distributability-preserving”
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“distributability-preserving” preserves patterns
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Fig. 3 The Synchronisation Pattern ? in Petri nets.

6 Another Synchronisation Pattern

In the last section we compare di↵erent process calculi by their ability to express
the synchronisation pattern M. We learn that the di↵erent synchronisation mech-
anisms of the calculi lead to di↵erences in the expressive power with respect to
specific kinds of conflicts. By [19,10,21,24,22], we also know that the restriction
in the choice operator leads to a separation result between ⇡m and ⇡s. However,
in [19] and [10] the homomorphic translation of the parallel operator was used to
derive this separation result and in [21,24,22] the proofs were not yet fully satis-
factory, because they did not reveal enough intuition on why the counterexamples
lead to the di↵erence. In order to provide more intuition on this separation result
and on the di↵erence in the expressive power of ⇡m and ⇡s with respect to conflicts,
we show that the calculi can be distinguished by a new synchronisation pattern
similar to the M. Not surprisingly, the new pattern combines again conflicting and
distributable steps. Interestingly, it reflects a well-known standard problem in the
area of distributed systems, namely the problem of the dining philosophers [7].

We start with a simple observation on the asynchronous pi-calculus. Without
choice each reduction step reduces exactly one output and one input. So all conflicts
in ⇡a are on steps on the same link. With separate choice a single step can reduce
more than a single out- or input. But if we consider steps between two distributable
subprocesses then each reduction step reduces only outputs in one subprocess and
only inputs in the other. As a consequence, a chain of conflicting steps can build
an M by alternating input and output capabilities as visualised in Example 2. But,
by this method, no circle of odd length can be constructed as it is represented by
the synchronisation pattern ?.

Definition 16 (Synchronisation Pattern ?) Let h P, 7�! i be a process calculus
and P

?

2 P such that:
1. P

? can perform at least five alternative reduction steps i : P?

7�! P
i

for i 2

{ a, b, c, d, e } such that the P
i

are pairwise di↵erent.
2. Moreover, the steps a, b, c, d, and e form a circle such that a is in conflict with

b, b is in conflict with c, c is in conflict with d, d is in conflict with e, and e is
in conflict with a. Finally,

3. every pair of steps in { a, b, c, d, e } that is not in conflict is parallel in P

?.
In this case, we denote the process P

? as ?. The synchronisation pattern ? is
visualised by the Petri net in Figure 3. If all pairs of parallel steps in { a, b, c, d, e }

are distributable in P

?, then we call the ? non-local. Otherwise, it is called local.
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Open Problems

Sinne asynchronen Systemen. In der Theorie wurden mehrere Ansätze entwickelt, mit de-
nen man die vermeintlich scharfe Grenze zwischen synchronen und asynchronen Systemen
in feinerer Granularität untersuchen kann. Als ein prominenter Ansatz partieller Synchro-
nie seien hier die Erweiterungen von Systemmodellen um Fehlerdetektoren [FGK11] genannt.
Sie erlauben, eine fehlende Obergrenze für die Übermittlungszeit einer asynchronen Nach-
richt durch die Möglichkeit auszugleichen, den eventuellen Ausfall eines Sendeprozesses auf
anderem Weg zu überprüfen. Durch eine Hierarchie von Zuverlässigkeitsannahmen konnte
eine Vielzahl von Koordinationsproblemen gemäß ihrer Lösbarkeit bzw. Implementierbarkeit
klassifiziert werden [CT96]. Wir selbst haben Teile dieser Hierachie in die Sichtweise von
Prozesskalkülen überführt [NF03]. Zudem haben wir im Kontext der formalen Verifikation
eines verteilten Algorithmus exemplarisch sehr genau die zugrundeliegenden Annahmen des
betro�enen Systemmodells mit Fehlerdetektoren analysiert [FMN07].

Außerdem wird im Grenzbereich der Asynchronität an Algorithmen gearbeitet, die selbst
bei bösartigem Verhalten einzelner Knoten immer korrekte Ergebnisse liefern, aber deren
Terminierung gewisse Anforderungen an Zeitschranken der Kommunikation stellt [Lam11,
WBG+12].
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fim
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Legende
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Join . . . Join-Kalkül
LSGA . . . Locally Sequential,

Globally Asynchronous
# . . . Konflikt
? . . . vermutete Beziehung

. . . verö�entlichtes Resultat
?

. . . vermutetes Resultat

. . . uneingeschränkt verteilbar
modulo Branching-Time-
Äquivalenzen

Abbildung 1: Stand der Verteilbarkeitshierarchie von Interaktionsmustern für Petrinetze und
Prozesskalküle unter unterschiedlichen Systemannahmen

Ergebnisse der ersten Projektphase. Seit August bzw. September 2010 wird das Projekt
SAS als Zusammenarbeit der Gruppen von Ursula Goltz, TU Braunschweig (IPS), und Uwe
Nestmann, TU Berlin (MTV), gefördert. Abweichend von der ursprünglich geplanten Pro-
jektdauer von drei Jahren (für die erste Phase des Projekts) wurden bisher Mittel für eine
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