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M otivation

| Foundations of WAN-based programming :
I A primitive formal model remains elusive
1 Existence of variousformsof barriers

I Need for some notion of locality

I Variousformsof localitiesin recent distributed process calculi :
I Ambients (Mobile, Safe, Boxed ... )
I Dm, Join, Seal, Nomadic Pict
I DiTyCo
I Klaim
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M otivation

| Localities:

I Specific calculi use specific types of localities using dedicated
Interaction protocolsto capture:

] Resource access control
] Process mobility
I Failure modes

I A“real” distributed system features combination of localities

I Need for a model to enable programming within the same calculus
different forms of locality

e
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The M-calculus

| Célsa(P)|Q] = programmablelocalities
I Membrane
-] Content

| Communication

I Fully transparent (join) / encoded using mobility (ambients)?

1 A trade-off :
'] Transparent asynchronous interaction but indirect communication
'] Elementary routing steps: a single cell membrane crossing at atime
] Silent routing mechanism : a membrane filtersincoming and outgoing messages

e
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The M-calculus

_I Migration
I A higher-order calculus

LI Migration = communication of a passivated process

| Dynamic binding features

| Key issue: how difficult isthe M-calculusto implement?
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Contributions

LI A preliminary implementation of the M-calculus
| Specification using a distributed abstract machine (AM)

[1 Higher-order features+ distribution + mobility can be effectively
Implemented in adistributed setting

[ Theimplementation isno more complex than an AM for the Join
calculus (JAM)

1 A modular AM

e
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Outline

An Overview of the M-calculus

[ he Abstract Machine

An Implementation

[owardsa MIKADO Core Sofware Framewor k
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Syntax

I A mix of call-by-value A-calculus and Join calculus

S == ¢P]|vnS System

P == 0|V ]a(P)P]|(P|P)|(PP)] Process
vn.P | ([uw=V|P,P)| (D) |pass, V

Vie= (O)|uld|(V,...,V) | \x.P Value

D == T|JsP|D;D Definition

J =rxl|J|J Join-pattern
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Syntax

| Different kinds of names

u = a|r|dr Name

r = r|x Variable resource name
d = ala Target name

a = a|x Variable cell name

n = r|a Resolved name

pw == wul|_|d._|_r Namepattern

1 Freenamesfn(P)
| Defined local namesdin(P)
1 Activecellscells(P)

e
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Communication and Migration

I Asynchronous point-to-point exchange of messages
| Messages = applications
I Local messages rV never crosscell boundaries

1 Addressed messages d.rV (d = @|a) arerouted from cell to cell, one
boundary at atime

1 A higher-order calculus: migration of acell a(P)|Q)] is
captured by the communication of thunks, resulting from cell
passivation using pass,
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Structural Congruence

S.NU.PAR " g fn(Q) S.NU.TOP
(vn.P) | Q=vn.P | Q elvn.P|=vn.e|P]
S.NU.MEMB ng Q) Ana S.a =0
a(vn.P)[Q]=vn.a(P)[Q] P=Q)
S.NU.CONT né fn( ) hnza S.CONTEXT P=0
a(P)lvn.Ql=vn.a(P)[C)] E{P}=E{CQ}
E:= .- |EV | PE|vmmE]| (E|P)|

a(P)E] | a(E)[P] | ¢[E]

e
Marc Lacoste ; December 2002 MIKADO- 11



Computation

R.BETA
(\z.P)V—P{"/.}
R.COM <D> :~<DO; lejvl/\‘/”' ‘Tn/x\;DNP>
(D) [ riVi | | Vo= (D) | P{"/z}
R.PASSIV
a(pass, V | P)[Q]—=V (A.P)(\.Q)
R.P.EQUIV P=pP  Po0 Q=0

P—Q)

e
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Routing L ocal M essages

I Routing between membrane and content of the same cell

e )
oo rgdn(P)  redn(@)
a(P | rV)[Q]—a(P)|Q | rV]
RLCM  RLMC
o lem "€ dIn(PA)/ rd dID(Q)
Content a(P)|Q | rV]—a(P | rV)[Q)
\_ /
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Routing Addressed M essages
/R.A.MF \

r € din(P)
a(P | a@rV)[Ql—a(P | rV)[Q]

R.A.EMF
r € din(P)

a.rV | a(P)[Q—=a(P | rV)[Q]

R.A.CMF
o r € din(P)
1 Conversion into a local message\a( P)Q | arV]=a(P | rV)[Q] /
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Routing Addressed M essages

| Filtering / conversion into a local message

Resourcer

I
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Routing Addressed M essages

| Filtering / conversion into a local message

4 N

r e dn(Q)
a(P)[Q | arV]—a(P)[Q | V]

R.A.CF

R.A.MCF NT - dlﬂ(@) —
(P 2rV)[QI=a(P)Q [ V]
R.A.ECF ~ - dln(Q) ~
\ wrV [aPRQI=Pier QI
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Routing Addressed M essages

I Routing to other cells
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Routing Addressed M essages

I Routing to other cells

(o bECISPIUCISQ)  bFa
A, b.rV | a(P)[Q]—a(P | i(b,r, V))[Q]

A Mo b € ceI_Is(E)) \ cells(P) _b ;éa

a(P [ b.rV)|Q=a(P)[Q | brV]

b ¢ cells(P) U cells(Q) b+#a
a(P | b.rV)[Ql—=a(P)[Q] | b.rV

R.A.MTE

b ¢ cells(Q) b+#a
T wPIRITV~a(P oG V)Q]
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Programming in the M-calculus

| Transparent communications: asimple forwarder
Fwd = (i(d,r,v)>d.rv; o(d,r,v)>d.r v)

I Céll mobllity :
] Consider thefollowing cell :
Q"(a) = a(Fwd| (gou>Go(a,u)))[Q)
Go(a,u) = pass, Apq.(u.enter A.a(p())[q()])
| Céell passivation : (go u)
1 Cdll reception : Enter(u)

Enter(u) = (enter f>pass, Apq.u(p()[q() | fFO])

E
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Outline

An Overview of the M-calculus

[ he Abstract Machine

An Implementation

[owardsa MIKADO Core Software Framewor k
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CLAM : Design Principles

I Alm: demonstrate the implementability of the M-calculus

I Infrastructurerequirements:

I A direct refinement of the M-calculus
CLAM (Cellular Abstract Machine)

LI Implementability in adistributed setting :
I Logical and physical distribution
I Distributed interaction by asynchronous message passing between physical sites
'] Locality for reduction rules

] Modularity : clear separation
I Functional evaluation enginevs. concurrency / distribution management
'] Routing and name management vs. computation : a distributed lookup service
guarantees routing determinacy (unicity of cell names property)

B
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Overview

| Distribution model

e
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Overview

| Lookup service:
"1 I'n which location is a resource defined?

1 On which machine does a location reside?
| Locations

] Membrane and ether locations

] Structure: execution engine + functional evaluator

e
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M achine and L ocation State

] Values
[ reifycontrol
| reifycontent

[ Internal names
| Location state!: (a,D,H,R,&, L)

| Machinestate (m: N : 0 : L)

1 Reduction rules

m:N:O: L{l .% (a,R),.. | E{m — m/ — M}—>

m: N0 : L'{l |%> (a0, RNY,...} || E{\m — m/ — M ::msg}

e
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Computation

PRL —
m: N :O: L{l — (a, (p, (P | Q)))}—
m:N:O:L{l — (o, (p,P) = R (p,Q))}
NEW pr=pin—i} i=(m i) ioc¢ N

m:N:O: L{l — {(a,(p, (v n) P) = R)}—
m N & {ipe} 1 O L{l —— (o, (p/, P) 2 R)}

e
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Computation

R.BETA

(\z.P)V—P{"/,}

EVAL Sl = [[E]]load Sl_:ﬁgg P = [[ S”]unload
m: N :O : L{l — (a, (p, E) = R)}—

m:N:O: L{l — (a, R (p, P))}

e
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Definitions

P=pl |J MP)\m(L) D'=De (D)
J,>P,eD

H =HA{p(r) = o} cdnpy O =0 {p(r) =7 {,0)}, cdnip)

DEF D:H
m: N :O: L{l — (o, (p, (D)) = R)}—

m: N :O": L{l |¥> (a, R)}

e
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. ocal Communication

(DY = (Dy; Ma1 | ... | Tt P)
(D) | riVi | ... | raVa—=(D) | P{"/z}

R.COM

(p,D)eD D=..;J>oP;...

~

J = Tla?/l ‘ ‘ quiz [H(p(ﬂ)) — (piv va) - VZ} 1<i<gq
P = [P U U Pi} {z; — ‘7@} H' = [H {p(r:i) — Vi}hgigq

<1<
COM 15029

m: N : O : L{l |% (o, R) }—>

m: N : O : LA{l |D%H/ (o, R :: (p', P))}

e
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Cdl Creation

l'=(m,1l,.) "= (m]l,.)
¢N Il ¢ N Ly=LoU{l}
p' = closure(p, P) p" = closure(p, Q)

m: N :0: L{l |7 (o, Ro)
0

| (4, (0, b(P)[Q)]) :: R)}—
M N @ (U} 0@ (I = (m,0),1" > (m,0)}

L{ly |7 (g, Ro) , 1 |% (1, R),

U= (p(b), (0, P)) 1" 7= (3, (¢, Q))}

I

loc

CELL

e
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M essage Routing : Principles

I A distributed lookup service

I A distributed database
] Update policies
I Consistent views (atomic broadcast)
'] Temporarily inconsistent views (forwar ders)

Definition 1 Theupdate policy is sound iff the only consequence on message routing of
temporarily inconsistent views will be delayed message emission or reception, assuming
reliable inter-machine communications

[]

A lookup service per machinefor definitions and locations

A routing algorithm R* :

] Forwarders

I Piggyback routing information updates on communication messages
(] Timestampsto capturetheinstant of migration (cells, definitions)

[0 Avoid communication inconsistencies due to stale routing infor mation
o
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Routing L ocal M essages

redn(P) redn(Q)
a(P | rV)[Q]—a(P)[Q | V]

R.L.MC

I"e O(p(r)) 1 & O(p(r))

M.L.MC

m: N :O : L{l |7>< (p, V) R> I'— (&, R} —

miN O L{ — (0, R) I +— <jj R/ (p,r\7)>}

e
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Routing Addressed M essages

L I ntra-machine communication

b & cells(P) U cels(Q) b+#a
a(P | b.rV)[Ql—a(P)[Q] | b.rV

R.ALMTE

siblings(l,l")  O(p(b)) = (k,t)
k#1 —desc(k,l)

M.AMTE.L

m: N :O: L{l |—>< p,b’rV > — (§, R} —
m: N :O: L{l |—> (o, R), U |—><ﬁ7g/. p,bf/“V>

e
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Routing Addressed M essages

e
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Routing Addressed M essages

I Inter-machine communication : message send

b & cells(P) U cells(Q) b+#a
a(P | b.rV)[Ql—a(P)[Q] | brV

R.A.MTE

e
Marc Lacoste : December 2002 MIKADO - 31



Routing Addressed M essages

It € T.L O(p(b)) =", t")
Ol")y=m/,t") m' #m
O = O{VIl € loc_id(V') where
O(l) = (m,t;) ,l — (M, t;+ 1)}

O" = O'{Vr € rscid(V) where
O'(p(r)) = (. tr), p(r) — (.8, + 1)}
O"=0"{1— (m,0)} JT={(m,dioe) ioce € N
m:N:O: L{ly — <oz, (p,E.r‘A//) % 72>} |
E{m - m'— M}—

m: N @& {Jipet 1 O L{lt — (a, R)} ||

E{m —m/ — M msg@.r, ‘77 P, O”/)}

M.A.MTE.R

e
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Routing Addressed M essages

I Inter-machine communication : message receive

dl
R.A.ECF = r € din(@) =

arV | a(P)Q|=P |i(a,,V))|Q)

It € T.L Og(pb)) = (k,t)
O(k) = (m,t') O =merge(O,Oy)

M.A.ECF.R —
m: N :O: L{lt — (@, R)} |

E{m' — m — msg(b.r, V. p,0g) : M}—
m:N:O: L{ly — <Oz,7€ :: (p,1 (b, T, ‘7))>} |
E{m‘'— m+— M}

e
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Cell Mobility

| Cdll passivation

R.PASSIV

a(pass, V' | P)|Q|=V(A.P)(A.Q)

pla)=a leLly Lj=Lo\{l}
<r6ifycontrol (D, H, R), reifycontent(lea L)a L/> —
extract(l,D,H,R,l., L, L)

m: N : O : L{l |% (ar, (p,pass, V) = R),

lo —— (a9, Ro) , ! —> (#, R')}—

PASS

m: N :O: Ll |ﬁ> (a0, Ro) ,
[ |% <ﬁ, R :: (p; Vreifycontrol (Da H7 R) reifycontent(lea ‘C))>}

e
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Cell Mobility

| Cdl activation

(D',’H',R") =
insertflat(reifycontrol (D'rm Hma Rm)a D7 Ha R)
O' = 0O{VD € D,, Vr € dn(D) where

O(p(r)) = (A, tr), p(r) = (1, 1) }

CONTROL -
m: N :O: L{l — (a, (p; reifycontrol (D, Him, Rin) () 2 R)}

—

m: N :O" : L{l |¥> (a, R") }

e
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A Few | nvariants

Invariant 1 On each machine, locationsare organized in atree
Invariant 2 If a machinem hostsalocation [, then thenameof [ is
contained in the lookup service of m:

V(m,l) € (MNAME x LOCNM) [ € dom(m).L—
1t € TIMESTAMP {l — (m,t)} C m.O

Invariant 3 1. When a message targeted at a name a isreceived on a
machine m, either there existson m :
(1) alocation definining a
(1) aforwarder towards another machine

2. When a passivated cell passivated is sent from machines m towards m/,

then aforwarder m — m’ iscreated locally

e
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Additional Desirable Properties

Conjecture 1l [Soundness| Therouting algorithm R* isa sound update
policy for thelookup service (O,,)meMmName

Conjecture 2 [Correctness| Vim € MNAME V(/,r) € (LOCNM x REF such
that [ € dom(m).Land /R =...: (p,P) ::...and r € dom(p) :

[ e m.O(p(r)) = redn(P)
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Outline

An Overview of the M-calculus

[ he Abstract Machine

An I mplementation

[owardsa MIKADO Core Software Framewor k
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C-VM : aCentralized | mplementation

| Regquirements
| Portability and extensibility
] Reasonable complexity
I Code migration between machines

I Interactive evaluation of M-calculus expressions

_| Structure of therun-time
I A compiler (OCaml) : M-calculus code — byte-code

1 A byte-codeinterpreter (Java)

e
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I Design

The C-VM byte-code

] Few opcodes
] Closeto the calculus syntax

| Eader proofsof correctness
I Reflection of the nesting of processterms

[1 Possible optimizationsfor VM internal data structures manipulations

| Organization

I Language constructs compiled to instructions

1 Aninstruction = series of blocks

] Sampleinstructions

DOM

@(a)

@(P)

@(Q)

APP

@(P)

@(Q)
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Structure of theVM

; BYTECODE ;

BYTECODE
LOADER I
v
RUN-TIME
\O DATA

- STRUCTURE

Y

-

2
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Summary

(] Conclusion

1 The M-calculus

1 A new distributed process calculus
I Higher-order extension of the Join calculus with programmable localities,
process mobility and dynamic binding

] TheCLAM

] Supporting distributed abstract machine
I No more complex than the JAM

| Related AM: Nomadic Pict, PAN, DiITyCO, JAM

I Current implementation efforts:
I A distributed run-time

I More efficient implementation

e
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Outline

An Overview of the M-calculus

[ he Abstract Machine

An Implementation

[owardsa MIKADO Core Software Framewor k
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lTowarasa Core Sortware Framework (CSk)

I Aim: ageneric framework (CSF) to build execution support for
domain-based calculi

I Output of the WP3 M eeting (September, Firenze)

I Requirements:
'] Genericity: amiddleware allowing the implementation of existing platforms
(PAN, Klava, DiTyCO, JAM, CLAM)
] Portability: CSF = a set of Java interfaces and classes

| Structure;

1 Computational Node Abstraction
I Node Topology M anagement

I Communication Protocols

(I Process Mobility

e
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Computational Node Abstraction

| nterface Nodeldentifier {

}

| nterface Node {
public Nodeldentifier getNodeldentifier();
public Cbject getlnplenentation();

| nterface NodeldentifierFactory {
publ i c Nodeldentifier newNodeldentifier();

e
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Topology M anagement

| nterface Topol ogyManager {
public Nodeldentifier [] get SubNodes();
public void addSubNode( Nodel dentifier id);
public void renmoveSubNode( Nodel dentifier id);
pbl i c Node get SubNode( Nodel dentifier id);

e
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Communication Protocols

I nterface ldentifier {
publ i ¢ Nam ngCont ext get Context();
public Object resol ve();
public void unexport();
public Object bind();
public byte [] encode();

}

| nterface Nam ngCont ext {
public Identifier export(Qpject obj);
public lIdentifier decode (byte [] data);

}

+ Sessions, Protocols, Connections, Mrshall ers,

| To bediscussed to produce deliverable D310,
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