MPRTI - Course on Concurrency

Lectures 11 and 12
The pi-calculus expressiveness
hierarchy
Catuscia Palamidessi
INRIA Futurs and LIX

catuscia@lix.polytechnique.fr
www.lix.polytechnique.fr/~catuscia

Page of the course:
http://pauillac.inria.fr/~leifer/teaching/mpri-concurrency-2004/


mailto:catuscia@lix.polytechnique.fr
http://www.lix.polytechnique.fr/~catuscia

Content of the slides / Plan of the lecture

Discussion on the notion of expressiveness - encoding

Encoding some of the features of the synchronous n-calculus into the
asynchronous n-calculus

- Output prefix
- Blind choice
- Input-guarded choice

Separation results

- Impossibility of encoding the n-calculus with mixed guarded choice into the
asynchronous n-calculus

- TImpossibility of encoding the n-calculus with mixed guarded choice into ccs
Bibliography

Exercises
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The asynchronous n-calculus: syntax

It differs from the n-calculus for the absence of the output prefix
(replaced by output action) and also for the absence of the +

m = z(y) | T  action prefixes (input, silent)
X,y are channel names

n.P prefix
Ty output action
P|P parallel

(vx)P restriction, new name
| P replication
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The n-calculus: syntax

Similar to CCS with value passing, but values are channel
names, and recursion is replaced by replication ( ! )

w = x(y) | Ty | T action prefixes (input, output, silent)
X,y are channel names

P = O Inaction
w.P prefix
P|P parallel
P+ P sum
(vz)P restriction, new name
| P replication
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Expressive power of ©, wrt w

Clearly the (synchronous) n—calculus is at least as expressive as
the asynchronous n—calculus. In fact, the latter is practically a
subset of the former.

Indeed, the output action can be seen as the output-prefix process with
continuation O. This relation is a strong bisimulation:

xy ~ xy.0

What about the opposite direction?

In general, in order to compare the expressive power of two
languages, we look for the existence/non existence of an
encoding with certain properties among these languages

What is a good notion of encoding to be used as a basis to
measure the relative expressive power?
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A "good” notion of encoding

In general we would be happy with an encoding [[-] : # — 7,  being:

- Compositional wrt the operators [P op Q] = CopllP], [Q]]
- (Preferably) homomorphic wrt | (distribution-preserving) [P | QI = [P] | [Q]
- Preserving some kind of semantics. Here there are several possibilities
Preserving observables Obs(P) = Obs([P])
Preserving equivalence [P] equiv [Q] = P equiv’ Q (soundness)
[P] equiv [Q] <« P equiv’ Q@ (completeness)

[P] equiv [Q] < P equiv’ Q (full abstraction, correctness)

This is one of the most popular requirements for an encoding. However it is not
clear how it relates to the notion of expressive power.

(Preferably) the encoding should not introduce divergences, in the sense that if in
the original process all the computations converge, then the same holds for its
translation. Note that weak bisimulations are insensitive wrt divergences
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Encoding the output prefix

The encoding of Boudol

Boudol [1992] provided the following encoding of T (without choice) into T, : The idea is to
force both partners to proceed only when it is sure that the commumcahon can take place,
by using a sort of rendez-vous protocol

o [zy.P] = (v2)(@z | (2(w).wy | [P]))
o [x(1).Q = z(2).(vw) (Gw | w(y).[QD)

[-1 is homomorphic for all the other operators. Namely:

e [O] =0

[P QI =1[F]|I]

[(vz)P] = (va)[P]

[t P1=!1P]

Boudol proved this encoding sound wrt the Morris ordering

Exercise. Define an encoding which takes only two steps instead than three. (Such a kind of
encoding was defined by Honda-Tokoro [1992].)
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Encoding the output prefix
* The encoding of Honda-Tokoro

Honda-Tokoro [1992] defined the following encoding of T (without choice) into

T, in which the communication protocol takes two steps instead than three. The
idea is to let the receiver take the initiative (instead than the sender)

[ [zy.P] = z(2).(zy | [PT)
[=(y).Ql = (v2)(zz | 2(»).IQD)

[-1 is homomorphic for all the other operators. Namely:
e [O] =0
e [P|QI=10r]|IQI

o [(vz)P] = (va)[P]

o [' PI=![P]
Honda proved this encoding sound and "almost” complete wrt a certain logical
semantics

Honda-Tokoro defined also another encoding of © (without choice) into a polyadic
version of ©, in which the communication protocol takes two steps and the
sender takes the initiative. This encoding was shown in Lecture 7.
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Properties of output encodings wrt testing

+  Definition of testing semantics:

- A process P may satisfy a test T (notation Pmay T) iff there exists a
computation of [ 2| T] which reaches a state where the action o (a special
action of the test) is enabled.

- A process P must satisfy a test T (notation P must T) iff every computation
of [ 2| T] reaches a state where the action o (a special action of the test) is
enabled.

- Pt Q iff forevery test T, if Pmay Tthen Qmay T
- PCua @ iff for every test T, if Pmust Tthen Qmust T
- P=,Q iff P=,Q and Q=4 P X =may, must

In contrast to weak bisimulation, testing semantics is sensitive wrt
divergency

We don't expect the encodings of output prefix to be correct wrt
testing semantics (why?), but we would like the encoding to satisfy at
least the following properties :  p .4 7 iff [P] may [T]

P must T iff [P] must [T]
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Properties of output encodings wrt testing

The encodings of Boudol and Honda-Tokoro
- Ver'lfy P may T iff [P] may [T]

- Do not Verify P must T iff [P] must [T]
(they preserve may testing but not must testing)

Theorem [Cacciagrano, Corradini and Palamidessi, 2004] Let [[ ]] be an encoding
of n (without choice) into m, such that:

- [[ 1] is compositional wrt the prefixes
- There exists a P such that [[ £]] diverges

then [[ ]] does not preserve must testing
The problem however is uniquely a problem of fairness:

Theorem [Cacciagrano, Corradini and Palamidessi, 2004] The encodings of Boudol
and Honda-Tokoro

A) preserve must testing if we restrict to fair computations only
B) preserve a version of must testing called “fair must testing”
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Encoding internal choice inn,

The blind choice (or internal choice) construct P @ ()  has the following
semantics

PasQ - P PaQ -0

Inn this operator can be represented by the construct 7.P 4+ 7.Q)

Exercise: Let n~ be © without the + operator, and n® be © where the + operator
can only occur in the context of (a construct representing) a blind choice. Give
anencoding [.] : #¥ — 7~ such that VP [P] ~ P
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Encoding input-guarded choice in «,

Input-guarded choice is a construct of the form: > z;(v:).P;
il
Let m;. be © where + can only occur in an input-guarded choice. The

following encoding of m; into m, was defined by Nestmann and Pierce
[1996]

IIZ z;(y)P] = ) (ltrue | H Branchy;)

el el

anchgz- = xz(zz)é(w)(Zf W _
then (¢ false | [P;]])
else (£ false | T;z;) )

Nestmann and Pierce proved that his encoding is fully abstract wrt a
notion of equivalence called coupled bisimulation, and it does not
infroduce divergences.
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The m-calculus hierarchy

.+ asynchronous =

n T

A ;. asynchronous « + input-guarded choice
mop - aSynchronous m + output prefix
n, + asynchronous n + separate choice
nr + © with internal choice (Sangiorgi)

ccs,, ¢ value-passing ccs
LV m
Palamidessi
(s
/ \ —— : Language inclusion
— : Encoding
Nestmann g .
°p +> : Non-encoding

Nestmann- P;ak v %da—Tokoro
T Boudol

a
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The separation between © and =

This separation result is based on the fact that it is not possible to solve
the symmetric leader election problem in ., while it is possible in =«

. Some definitions:

- Leader Election Problem (LEP): All the nodes of a distributed system must
aﬁr'ee on who is the leader. This means that in every possible computation, all
the nodes must eventually output the name of the leader on a special channel
out

No deadlock
No livelock

No confl)ic‘r (only one leader must be elected, every process outputs its name and only
its name

- Symmetric LEP: the LEP on a symmetric network
*  Hypergraphs and hypergraph associated to a hetwork
Hypergraph automorphism
Orbits, well-balanced automorphism
Examples
Symmetry

Paris, 16 December 2004 MPRI Course on Concurrency 14



The separation between n and =

Theorem: If anetwork with at last two nodes hasan
automorphism o = id with only one orbit, then it is not possible
to write in . a symmetric solution to the LEP

Cor'ollar'gt: The same holds if the authomorphism is well-
balance

Proof (sketch). We prove that in , every system trying to
solve the electoral problem has at least one diverging
computation

1. If the system is symmetric, then the first action cannot be out k

2. As soon as a process perform an action, let all the other processes
in The same orbit perform the same action as well. At the end of
the round in the orbit, the system is again symmetric.

Note that the system can change communication structure dynamically
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The separation between n and r,

Crucial point: if the action performed by P, is a communication with
P in the same orbit, we need to ensure ‘rhaT P can do the same
GCTIOH afterwards.

This property holds in fact, due to the following:

Lemma: Diamond lemma for

If p 2% Q and P 2%, R, then there exists S
such that Q 2% S and R =& (y)

Note that in = (in © with mixed choice) the diamond lemma does
not hold
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The separation between n and =,

Remark: In x(in = with mixed choice) we can easily write a
symmetric solution for the LEP in a network of two nodes:

Y

« >

X

EO — z.oul 0+ joul 1

= y.oul 1 4+ Z.0ul 0
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The separation between n and =,

» Corollary: there does not exists an encoding of « (n
with mixed choice) in n, which is homomorphic wrt |
and renaming, and preserves the observables on every
computation.

* Proof (scketch): An encoding homomorphic wrt | and
renaming transforms a symmetric solutions to the LEP
in the source language into a symmetric solution to
the LEP in the target language



The separation between n and ny, ccs,,

Theorem: If a network with at least two nodes has a well-
balanced automorphism o # id such that

- Viand V node P, if o' # id then there is no arc between P and ¢'(P),
then in n; and ccs,, there is no symmetric solution to the LEP.

Example: a network which satisfies the above condition

O O

A
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The separation between n and ny, ccs,,

A solution to the leader election problem for the same network
In

looser winner

— ]

\<</

y _ N Y

looser — looser
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The separation between n and ny, ccs,,

» Corollary: there does not exists an encoding of = (=
with mixed choice) in ©, which is homomorphic wrt |
and renaming, does not increase the connectivity, and
preserves the observables on every computation.
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Exercises

Prove the first Theorem at Page 10
Formulate a notion of fair testing semantics and prove the second Theorem at Page 10

Consider the result of Nestmann and Pierce, at Page 12. Would that still hold if we replace
coupled bisimulation by weak bisimulation? Motivate your answer

Give a ring with four symmetric processes, write a program for them in the n-calculus
solving the leader election problem.

Given a ring four symmeftric processes, write a program for them in the n-calculus which
makes the graph fully connected

Generalize previous exercise to the case of n arbitrary nodes

Paris, 16 December 2004 MPRT Course on Concurrency

23



	MPRI – Course on ConcurrencyLectures 11 and 12The pi-calculus expressiveness hierarchy
	Content of the slides / Plan of the lecture
	The asynchronous p-calculus: syntax
	The p-calculus: syntax
	Expressive power of pa wrt p
	A “good” notion of encoding
	Encoding the output prefix
	Encoding the output prefix
	Properties of output encodings wrt testing
	Properties of output encodings wrt testing
	Encoding internal choice in pa
	Encoding input-guarded choice in pa
	The separation between p  and ps
	The separation between p  and ps
	The separation between p  and ps
	The separation between p  and ps
	The separation between p  and ps
	The separation between p  and pI, ccsvp
	The separation between p  and pI, ccsvp
	The separation between p  and pI, ccsvp
	Bibliography
	Exercises


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


