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Choreography  vs  Realisation
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[Post Office Protocol (POP2), rfc 937]	



[WS-CDL]	



“Using the Web Services Choreography specification, a contract containing a global 
definition of the common ordering conditions and constraints under which 
messages are exchanged, is produced [...]. Each party can then use the global 
definition to build and test solutions that conform to it. The global specification is in 
turn realised by combination of the resulting local systems [...]”	





Partial vs  Complete Realisation


exhibits some of the some of the interaction 
sequences specified in the choreography	



Choreography as a constraint ���
	

 partial realisation	



is able to exhibit all interaction sequences 	



Choreography as an obligation	



complete realisation	



[Su, Bultan, Fu, WSFM’07]���
[Lohmann, Wolf, ICSOC’11] ���

 [Castagna, Dezani-Ciancaglini, Padovani, FORTE’11]	
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partial realisation

Choreography as an obligation

complete realisation

✓	

 ✗	



•  These notions have been discussed in scenarios where choices in both 
choreographies and realisations are non-deterministic	



•  Open issue: defining completeness for deterministic realisations	
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quit! helo("lbocchi,1234")!
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The Problem




Two Partial Realisations


Systematically precludes a choice	

 The choice depends on the partner	



We want a definition of complete implementation that 	



•  Expresses the “obligation” perspective of choreographies	



•  Discards S1 and accepts S2	



S1

quit? helo(x)?

err!

S2

quit? helo(x)?

[auth(x)]resp(...)! [¬auth(x)]err!

Let us focus on one single participant at a time: 	





Whole-spectrum implementation


•  Choreographies are modeled as global types	



•  Implementations are modeled as (session-pi-like) processes 	



•  The semantics of choreographies and implementations is given as 
runs (i.e., sets of traces with mandatory and optional actions) 	



•  Whole-spectrum implementation (WSI) is given in terms of a partial 
order between runs	



The implementation P of a participant in a choreography G is whole-spectrum 
when for each internal choice in G and for each option of this choice, there exists 
a context for P for which this choice is met and this option is taken	





Choreographies as Global Types


Example [Post Office Protocol (POP2)] 	


GPOP = C ! S : QUIT hi; GEXIT + C ! S : HELO hStringi; GMBOX
GMBOX = S ! C : R hInti; GNMBR + S ! C : E hi; GEXIT

Global Type	



R(GPOP)

Runs (by example)        	



r2 = hC, HELO StringihS, HELO StringihS, R IntihC, R Inti . . .
r1 = hC, QUIT ihS, QUIT i . . .

r3 = hC, HELO StringihS, HELO StringihS, E ihC, E i . . .

G ::= p ! q : yhUi | G+ G | G | G | G; G | G⇤ | end

[r1]r1 [r1r2]r3. . .[r1r1]r1 . . .

R(G⇤POP) r 2 R(GPOP), r0 2 R(G⇤POP) ) [r0]r 2 R(G⇤POP)



Example [Post Office Protocol (POP2) – role S] 	



Implementations as Processes


Candidate implementations of	

 G

I◆
G ⌘ ◆(p1) | . . . | ◆(pn)

◆ : P(G) 7! P
ch(G) \ fc(◆(pi)) = ;

PINIT = uS(y).PS

PS = yQUIT;PEXIT + yHELO x;PMBOX

PMBOX = if auth(x) : yRfn(inbox );PNMBR else yE;PEXIT



Whole-Spectrum Implementation


•   	

R2 covers R1 if r 2 R1 implies 9r0 2 R2 s.t. r l r0

E.g.,              	

[r1r2]r3 l r3

•   	

A process P is a whole-spectrum implementation of pi 2 G
when there exists a set I of implementations that covers G
s.t. I◆

G 2 I implies I◆
G = ◆(p1) | . . . | ◆(pn) and ◆(pi) = P



true � ` if auth(x) : yRfn(inbox );PNMBR else yE;PEXIT .

Typing Whole-Spectrum Implementations


Example [Post Office Protocol (POP2) – typing] 	



GMBOX � S = yR!Int; TNMBR � yE!; TEXIT

GMBOX = S ! C : yR hInti; GNMBR + S ! C : yE hi; GEXIT

y : yR!Int; TNMBR � yE!; TEXIT > �0

�(e) = bool

C ^ e 6` ? C ^ e � ` P .�1 > �1

C ^ ¬e 6` ? C ^ ¬e � ` Q .�2 > �2

C � ` if e : P else Q .�1 ./ �2 > �1 \ �2

C � ` P .�> �0



Properties


Corollary (Soundness). If C � ` P .�> �0 then

P . �, �

Theorem (Covering projections). For any global type G s.t. ch(G) = s,

Rs({s : (G � p)@p}p2G) covers R(G)

Theorem (WSI). Let G be a global type s.t. ch(G) = s, for p 2 G consider

IpP = {I◆
G | ◆(p) = P, 8q 2 G : true �, u : G ` ◆(q) . �, s : G � q > �

0}

Then,

Ru(IpP ) covers Rs({s : (G � p)@p}p2G)



Conclusion


•  WSI based on the relation between the traces of a global type 
and the traces of its candidate implementations	



•  The set of projections of a global type covers that global type	



•  Proof system guarantees safety and that all the traces of a local 
type can be mimicked by a well-typed implementation	



•  It works also with interleaved sessions	
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 •  Subtyping	



•  Completeness	



•  Practical application: may and must choices	





Questions?	



http://mrg.doc.ic.ac.uk/publications.html	




