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Abstract tration of some web services and a choreography defining

how these web services should interact, they decide whether

We present a formal method to derive a set of web ser-the interaction of these web services necessarily leadseto t
vices from a given choreography, in such a way that the sys-required observable behavior. Models of orchestrationls an
tem consisting of these services necessarily conformseto th choreographies are constructed by means of two different fo
choreography. A formal model to represent orchestrations mal languages. Languages explicitly consider charatitesis
and choreographies is given, and we define several confor-such as service identifiers, specific senders/addressess, m
mance semantic relations allowing to detect whether a set ofsage buffers for representiagynchronousommunications,
orchestration models representing some web services teads 0r message types.

the overall communications described in a choreography. This paper makes the following contributions. First, the
_ proposed method to derive a conforming set of service mod-
1 Introduction els from a given choreography model can be used to de-

fine models and early prototypes of web services systems,
as well as to formally/empirically analyze the propertiés o
these models/prototypes. Moreover, if service orchestrat

do not have to be automatically derived but gireen then

the proposed conformance relations between orchestsation
and choreographies also allow developers to select the ade-
guate service that accomplishes the behavior of certa@ rol
thus aiding web service discovery tasks. Models defined in
the proposed modeling languages can be used to analyze the
service behavior (workflow) in terms of the composition of properties of systems of services, such as stuck_-freenelss_ a
other web services. On the other hand, the choreographypther problems d_erlved from concurrent execution. For in-
concerns thebservabldnteraction among web services. It stance, by anaIyZ|r_1g the orQerpf exchanged messages we can
can be defined, e.g., by using WS-CDL [18]Horeography study whether the information is ready when required, which

Description Language for Web ServieRoughly speaking, concerns correlation and compensation issues.

the relation between orchestration and choreography can be

stated as follows: The collaborative behavior, described b 2 Related Work

the choreography, should be the result of the interaction of

the individual behaviors of each involved party, which are  There are few related works that deal with the asyn-

defined via the orchestration. chronous communication in contracts for web service con-
In this paper we present some formal frameworks to auto-text. In fact, we are only aware of three works from van der

matically derive web services (in particular, their ordn@s  Alst et al. [17], Kohei Honda et al. [12] and, Bravetti and

tion definition) from a given choreography, in such a way that Zavattaro [4]. In particular, van der Alst et al. [17] preken

the concurrent behavior of these derived services nedlgssar an approach for formalizing compliance and refinement no-

conformgo the choreography. The first derivation method is tions, which are applied to service systems specified using

based on adding amrchestratorservice, which is a kind of  open Workflow Nets (a type of Petri Nets) where the com-

director that is responsible of coordinating services amttc  munication is asynchronous. The authors show how the con-

trolling the system workflow. An alternative method deriyin  tract refinement can be done independently, and they check

a decentralized system, with no orchestrator, is preséoted  whether contracts do not contain cycles. Kohei Honda et al.

In order to fix the meaning afonformancén this context, we  [12] present a generalization of binary session types te mul

define several semantic relations such that, given the srche tiparty sessions fofr-calculus. They provide a new notion

Web services related technologies are a set of middle-
ware technologies for supportirfgervice-Oriented Comput-
ing [13]. The definition of a web service-oriented system in-
volves two complementary view®rchestrationandchore-
ography The orchestration concerns tirgernal behavior
of a web service in terms of invocations to other services. It
is supported, e.g., by WS-BPEL [1B(siness Processes for
Web Services which is a language for describing the web



of types which can directly abstract the intended conversa-and Fu [6, 5] specify Web Services as conversations by Fi-
tion structure among-parties agjlobal scenariosretaining nite State Machines that analyze whether UML collaboration
an intuitive type syntax. They also provide a consistengy cr diagrams are realizable or not.

teria for a conversation structure with respect to the maito

specification (contract), and a type discipline for indised 3 Formal model

processes by usingm®ojection Bravetti and Zavattaro [4] al-

low to compare systems of orchestrations and choreographie In this section we present our languages to define mod-

by means of théestingrelation given by [2, 9]. Systems are els of orchestrations and choreographies. This section con

represented by using a process algebraic notation, and oper_,; ) . !
ational semantics for this language are defined in terms Ofstltutes a extended, revised, and motivated version of, [10]

o where a brief introduction to these languages is given. Some
labeled transitions systems. On the contrary, our framlewor reliminary notation is presented next
uses an extension @iite state machine® define orchestra- P y P '

tions and choreographies, and a semantic relation based opefinition 3.1 Given a typed andas, . . ., a, € Awithn >
the conformanceelation [15, 16] is used to compare both ( e denote byai,...,a,] thelist of elementsuy, . .., a,,
models. In addition, let us note that [4] considers the suit- of 4. We denote the empty list by

ability of a service for a given choreograptegardlessof the Given two listso = [ay,...,a,] ando’ = [by, ..., by]
actual definition of the rest of services it will interact it of elements of typet and some: € A, we consider - a =
i.e. the service must be valid for the considered tmfets [a1,...,an,al@ando - o’ = [ay,...,an,b1,. .., byl

own This eases the task of finding a suitable service fitting ~ Gjven a set of listsL, a path-closureof L is any subset
into a choreography role: Since the rest of services do noty, C L such that for alb € V we have that (a) either = [ |
have to be considered, we can search for suitable services fogr  — o/ . ¢ for someo’ with o/ € V; and (b) there do not
each rolein parallel. However, let us note that sometimes existo’, 0" € V such thatr - a = ¢/ ando - b = ¢” with
this is not realistic. In some situations, the suitabilifyao

service actually depends on the activities provided bydise r We say that a path-closufé of L is completein L if it

of services. For instance, let us consider thatgel agency  js maximalin L, that is, if there does not exist a path-closure
service requires that either th& companyservice or théo- V' C L such thatV c V’. The set of all complete path-
tel service (or both) provide a transfer to take the client from ¢josures off, is denoted byConp(L). 0

the airport to the hotel. A hotel providing a transfegizod

regardless of whether the air company provides a transfer as We present our model of web servioechestration The
well or not. However, a hotel not providing a transfer isdali  internal behavior of a web service in terms of its interattio
for the travel agencgnly if the air company does provide the with other web services is represented bfjréte state ma-
transfer. This kind of subtle requirements and conditiaieal chinewhere, at each state the machine can receive an input
pendencies is explicitly considered in our framework. Thus i and produce an outputas response before moving to a new
contrarily to [4], our framework considers that the suili#pi states’. Moreover, each transition explicitly defines which
of a service depends on what the rest of services actually doservice must sen& A sender identifiesnd is attached to
Furthermore, this paper presents a method to automaticallythe transition denoting that, ifis sent by servicend, then
deriveservices from a choreography in such a way that the the transition can be triggered. We assume that all web ser-
system consisting of these services necessadthformsto vices are identified by a given identifier belonging to a set
the choreography. This contrasts with the projection motio 7D. Moreover, transitions also denote thddresseef the
given in [4], which does not guarantee that derived servicesoutputo, which is denoted by an identifiexir. Let us note

do so. that web services receive messages asynchronously. This is
Other works concern the projection and conformance val- represented in the model by consideringrgyut bufferwhere
idation between choreography and orchestration \sith- allinputs received and not processed yet are cumulatedh Eac

chronouscommunication. Bravetti and Zavattaro [3] propose input has attached the identifier of the sender of the input.
a theory of contracts for conformance checking. They de- A partition of the set of possible inputs will be explicitly
fine an effective procedure that can be used to verify whetherprovided, and each set of the partition will denottyjpe of

a service with a given contract can correctly play a specific inputs If a service transition requires receiving an input
role within a choreography. In [14], Zongyan et al. define whose type ig, then we will check if the first message of
the concept of restricted natural choreography that idyeasi typet appearing in the input buffer isindeed. If it is so
implementable, and they propose two structural conditions(the predicatavai | abl e given in the next definition will

as a criterion to distinguish the restricted natural chgrae  be used to check this), then we will be able to consume the
phy. Furthermore, they propose a new concept,dbmmi- input from the input buffer and take the transitibn.

nant roleof a choice for projection concerns. Carbone et al. _ ) o » )

[7] study the description of communication behaviors from a Def|n|t|_on 3.2 Glyen a set of service |dent|f|<_ast, aservice
global point of view of the communication and end-point be- fOr I D is atuple(id, S, I, O, sin, T, ) whereid € I D is the

haViOr Ie_VGIS- Three dEﬁnitionS_ for_ proper-structuredoglo INote that, equivalently, we could speak abdifferentinput buffers, one
description and a theory for projection are developed.dult  for each type, rather than a single input buffer.




identifier of the service$ is the set of stated, is the set of
inputs, O is the set of outputss;,, € S is the initial state,
T is the set of transitions, and is a partition of/, i.e. we
havelJ,,,p = I and for allp, p’ € ¢ we havepn p’ = 0.
Each transitiort € T is a tuple(s, i, snd, o, adr, s') where
s,s' € S are the initial and final states respectivelyc 1
is an input,snd € ID is the required sender ofo € O is

an output, anddr € ID is the addressee of A transition

(s,1,snd, 0,adr,s') is also denoted by _{endA)/(adre) | o

Given a serviceM = (id, S, I, O, s, T), aninput buffer
for M is alist[(idy,41), ..., (idg,ir)] whereidy, ..., id; €
ID andiy,...,i; € I. A configurationof M is a pairc =
(s,b) wheres € S'is a state of\/ andb is an input buffer for
M. The set of all input buffers is denoted By Theinitial
configurationof M is (sin, [ ])-

Let us suppose that, given a s8t 2° denotes the
powerset ofS. Letb = [(idy,i1),..., (idk,ix)] € B
with £ > 0 be an input bufferid € ID, i € I, and
S € 2. We haveavai |l abl e(b,id, i, S) iff, for some
1 < j < k, we have(id;,i;) = (id,7) and there do
not exist! < j, «d € ID, andi € S, such that
(idy,i;) = (id',i"). We havei nsert (b,id,i) = b - (id, ).
In addition, we also haverenove(b,id,i) =
[(idy,d1), - - -, (idj—1,5-1), (idj41, 0j41), - -, (idk, i),
provided thatj € N is the minimum value such that
je [1k],zd:zdj,andz:zj O

the addressee @f There are two reasons why an evolution
can be produced: (a) a service proactively initiates a krans
tion, that is, a transition whose input gl is taken; and
(b) a service triggers a transition because there is aradlail
message in its input buffer labelled by the sender identifier
and the input required by the transition. In both cases (a)
and (b), there are two possibilities regarding a new output i
sent or not: (1) if the transition denotesall output then no
other input buffer is modified; (2) otherwise, i.e. if thertsa

tion denotes an output different fromuli, then this output is
stored in the buffer of the addressee asngut By consider-

ing any combination of either (a) or (b) with either (1) or,(2)
four kinds of evolutions arise indeed.

Definition 3.4 Let ID = {idy,...,id,} be a set of ser-
vice identifiers andS = (M, ..., M,) be asystem of ser-
vicesfor I.D where for alll < j < p we have thatM; =
(idj, Sj,]j, Oj, Sjin; Tj,’l/)j). Letc = (Cl, ceey Cp) be a con-
figuration ofS where foralll < j < pwe haver; = (s, b;).

An evolutionof S from the configuratiore is any tuple
(¢, snd, 1, proc, o, adr,c’) wherei € I; U...UI, is the input
of the evolutionp € O, U ... U O, is the output of the evo-
lution, ¢’ = ((s1,01), -, (s}, b;,)) is the new configuration
of 8, andsnd, proc, adr € ID are the sender, the processer,
and the addressee of the evolution, respectively. All these
elements must be defined according to one of the following
choices:

Next we compose services into systems of services. (a) (evolution activated by some service by itselfy some

Definition 3.3 Let ID = {ids,...,id,}. Foralll1 <j <p, (null,null)/(adr’ 0)

let ]\/[7 = (idj, Sj, Ij, Oj, Sjins Tj, wj) be a service fof D.

Then,S = (M, ..., M,) is asystem of servicdsr ID.
Forall1 < j < p, let ¢; be a configuration of}/;.

We say thatc = (c1,...,¢p) is aconfigurationof S. Let

1 < j < p, let us suppose; s’
T;. Then,s; = s" andb); = b;. Besidessnd = null,

proc = idj, adr = adr’;

(b) (evolution activated by processing a message from the

¢y, .., c, be the initial configurations ofy, ..., M,, re- input buffer of some servicdHor somel < ;5 < p,
spectively. Then(c, ..., ¢;,) is theinitial configurationof S. let us suppose that (snd’,))/(adr'0) e T: and we
J
0

We formally define how systenevolve i.e. how a service

haveavai | abl e(b;, snd’, 4, p), wherep is the only
/

set belonging ta); such thati € p. Then,s; = s

andbd; = remove(b;, snd’,i). Besidessnd = snd’,

of the system triggers a transition and how this affectsrothe proc = id;, andadr — adr’;

services in the system. Outputs of services will be consid-

e.red as inputs _of the services these outputs are sent to. B&yhere, both in () and (b), the new configurations of the
sides, we consider a special case of input/output that will b g of services are defined according to one of the follow-
used to denote aull communication. If the input of a transi- ing choices:

tion isnull then we are denoting that the service can take this
transition without waiting for any previous message from an
other service, that is, we denot@mactiveaction of the ser-
vice. Similarly, anull output denotes that no message is sent
to other service after taking the corresponding transition
both cases, the sender and the addressee of the transéion ar(2) (a message is sent to other serviGdherwise, leid, =
irrelevant, respectively, so in these cases they will ajsded adr’ for somel < g < k. Then, we have) = s, and
noted by anull symbol. A system evolution will be denoted b, = insert (by,id;,0). Besides, forall < ¢ <k

by a tuple(c, snd, i, proc, o, adr, ¢') wherec andc’ are the with ¢ # j andq # g we haves; = s, andb;, = b;. O
initial and the final configuration of the system, respedyive

1 is the input processed in the evolutianis the output sent Figure 1 (left and center) shows a simple client/server or-
as result of the evolutiopy-oc is the service whose transition chestration specification where the client (A) sends retgues
is taken in the evolutionsnd is the sender of, andadr is to the server (B) and the server responds to them, until the

(1) (no message is sent to other servitfeddr’ = null or
o = null then for alll < ¢ < k with ¢ # j we have
s; = 54 andb; = bq.
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Figure 1. A client/server orchestration (left and center) a

client notifies that it leaves the system. Initial statesdee
noted by a double circle node, and!! inputs and outputs
are denoted by the dash symbol.

nd a choreography specification (right).

focuses on representing the interaction of services as Ewho
Thus a single machine, instead of the composition of several
machines, is considered. Each choreography transition de-

As we will see later, the conformance of a system of ser- notes anessage actiowhere some service sends a message

vice orchestrations with respect to a choreography willte a

to another one.

sessed in terms of the behaviors of both machines. We extract
the behaviors of systems of services as follows: Given any se Definition 3.6 A choreography machin€ is a tupleC =

guence of consecutive evolutions of the system from itginit

(S, M,ID, s;,, T)whereS denotes the set of statey, is the

configuration, we take the sequence of inputs and outputs la-set of messageg D is the set of service identifiers,,, € S

belling each evolution and we removeaillll elements from
this sequence. The extracted sequence (caled) repre-
sents theeffectivebehavior of the original sequence. We dis-
tinguish two kinds of traces. Aending tracds a sequence
of outputs ordered as they asentby their corresponding
senders. Aprocessing tracés a sequence of inputs ordered

as they ar@rocessedby the services which receive them, that
is, they are ordered as they are taken from the input buffer of

each addressee service to trigger some of its transitioots. B

traces attach some information to explicitly denote the ser

vices involved in each operation.

Definition 3.5 Let S be a systemg; be the initial con-
figuration of S, and (c1,snds,i1,proci,o1,adry,ca),
(c2, snda, @9, proca, 02, adra, ¢3), . . ., (ck, sndg, ix, procg,
ok, adry, cp+1) bek consecutive evolutions .

Let a; < < a, denote all indexes of non-null
outputs in the previous sequence, i.e. we havee
{a1,...,a,} iff 0; # null. Then,[(proca,, 0a,,adra,), ...,
(proca,., 04,,adr,.)] is a sending traceof S. In ad-
dition, if there do not existsnd’,i,proc, o, adr’,c
such that (cx41,snd’,i',proc’,o',adr’,c’) is an evolu-
tion of S then we also say thd{proc,,, 04,,adrq,),...,
(proca,., 04,,adr,,.),st op] is a sending trace &. The set
of all sending traces & is denoted byndTr aces(S).

Let a1 < < a, denote all indexes of non-
null inputs in the previous sequence, i.e. we haves
{a1,...,a,} iff i; # null. Then,[(sndq, ,iq,,proce, ), .-,
(sndg,,iq,,proc,, )] is a processing traceof S. In
addition, if there do not existnd', i, proc,o,adr’,c
such that (cg41, snd’, i, proc’,o’,adr’,¢’) is an evolu-
tion of S then we also say thd{sndg, ,iq4,,procq,),. .-,
(sndq,.,ia,,proc,,),st 0p] is a processing trace o8.
The set of all processing traces & is denoted by
prcTraces(S). O

Next we introduce our formalism to represent choreogra-

phies. Contrarily to systems of orchestrations, this fdisna

is the initial state, and” is the set of transitions. A transi-
tiont € T is a tuple(s, m, snd, adr, s") wheres, s’ € S are
the initial and final states, respectively, € M is the mes-
sage, andnd, adr € 1D are the sender and the addressee of
the message, respectively. A transitienm, snd, adr, s’) is
also denoted by —7/md=edn) o

A configurationof C is any states € S. An evolu-
tion of C from the configurations € S is any transition
(s,m, snd,adr,s') € T from states. Theinitial configu-

ration of C is s;,. O

Coming back to our previous example, Figure 1 (right)
depicts a choreographty between serviced and B, that is,
the client and the server. The transitions of this chorguinya
actually denote the same evolutions we can find in a system
of services consisting of servicglsand B.

As we did before for systems of services, next we identify

the sequences of messages that can be produced by a chore-

ography machine.

Definition 3.7 Let ¢; be the initial configuration of a
choreography machin@ Let (c;, m1, sndy, adry, c2), ...,

(ck, my, sndy, adrg, cp+1) be k> 0 consecutive evo-
lutions of C. We say thate = [(sndi,m1,adri),...,

(sndy,mg,adry)] is a trace of C. In addition,
if there do not exist m’,snd,adr’,¢ such that
(¢kt1,m',snd’ adr’, ) is an evolution ofC then we also

say that [(sndi,m1,adry),..., (sndk,my,adry),st op]
is a trace ofC. The set of all traces of is denoted by
traces(C). O

4 Conformance relations and derivation of
choreography-compliant sets of services

Now we are provided with all the required formal machin-
ery to define ouconformance relationbetween systems of



orchestrations and choreographies. We will consider a se) C Conp(prcTraces(S)) C Conp(traces(C)) or

mantic relation inspired in theonformance testingelation () = Conmp(pr cTraces(S)) = Conp(t races(C)).

given in [15, 16]. This notion is devoted to check whetheran  We say thatS fully conforms to C with respect
implementatiomeets the requirements imposed tgpacifi- to sending actions denoted by S confg C, fif

cation In our case, we will check whether the behavior of a Conp(pr cTraces(S)) = Conp(t races(C)).

system of orchestration services meets the requiremes giv We say thatS conforms toC, denoted byS conf C, if

by the choreography. S conf , C andS conf , C.
However, there are some important differences between We say that fully conforms taZ, denoted bys conf / C,
the notion proposed in [15, 16] and the notion consideredif S conf / C andS conf g C. O

here. Contrarily to those works, the behavior of orchestra-

tions and choreographies will not be compared in terms of The subtle differences between all the previous semantic
their possible interactions with an external entity (i.esen relations are illustrated in detail, by means of severahexa
observer, external application, etc) but in terms of whahbo ples and a small case study, in Appendix A.

models can/cannot do by their own, because both models Once we are provided with appropriate notions to com-
are considered adosed worlds Let us also note that non-  pare sets of orchestration models with choreography mpdels
determinism allows a choreography to provide multipledrali - we study the problem of automatically deriving orchestrati
ways to perform the operations it defines. Consequently, weservices from a given choreography, in such a way that the
consider that a system of orchestration services confar@st system consisting of these derived services conforms to the
choreography if it performene or moreof these valid ways.  choreography. Next we consider deriving servicepimject-

For each of these valid ways, care must be taken not to al-ing the structure of the choreography into each involved ser-
low the system of services tncompletelyperform it, i.e. to vice. Each service copies the form of states and transitbns
finish in an intermediate state — provided that the choreogra the choreography, though service transitions are labelgd o
phy does not allow it either. In order to check these require- by actions concerning the service. Unfortunately, if sezsi
ments, only complete path-closures will be considered (seeare derived in this way then, in general, the resulting set of
Definition 3.1). Moreover, the set of complete path-closure services does not conform to the choreography with respect
of the system of choreographies is required to be non-emptyto any of the proposed conformance notions. Let us consider
because the system is required to provide at leas{com- Figure 4, depicted in Appendix A. Services, 25, and26 are
plete) way to perform the requirement given by the choreog- projections of the choreograpBy into each service regarded
raphy. Alternatively, we also consider another relatiorereh  in the definition of27. However, the composition &4, 25,

the system of orchestrations is required to perfalinexe- and26 does not necessarily lead to the behavior required by
cution ways defined by the choreography. This alternative 27. In particular, it could be the case that serviéetakes its
notion will be calledfull conformance right choice (i.e. it sendsto 26) while 24 takes its left choice

Let us recall that we consider asynchronous communica-(i.e. it sends$ to 25), which is not allowed by27. Moreover,
tions in our framework. Thus, the moment when a messageif only messages appearing in choreographyare allowed
is sent does not necessarily coincide with the moment whenin services then no alternative definition ®f, 25, and 26
this message is taken by the receiver from its input buffer allows to meet the requirement imposed iy Service24
and is processed. In fact, we can define a choreography ircannot decide whether it must sehar c to 25 because it
such a way that defined communications refer to either thecannot know the message sent &iyto 26. The problem
former kind of events or the latter (i.e., instants whereimes of investigating how we can design asynchronous communi-
sages are sent, or instants where messages are processed ¢sting processes in such a way they will necessarily produce
their receivers, respectively). Thus, we consider two ways some behavior or reach some configuration have been tack-
which a system of services may conform to a choreography:led in several ways in the literature. For instance, [11disi
with respect to sending traces, and with respect to praugssi the problem of designing two asynchronous processes in such
traces. Besides, we explicitly identify the case where both a way that their progress is guaranteed, while [8] studies th
conformance notions simultaneously hold. cases where we cannot define some communicating processes

conforming to a given specification. We will make any chore-

Definition 4.1 Let S be a system of services aribe a ography realizable bpddingsome control messages to the

chorography machine. definition of services. These messages will allow servioes t
We say thatS conforms toC with respect to sending know what is required at each time to properly make the next
actions denoted byS conf; C, if either we have)) C decision, according to the choreography specification.t Nex
Conp(sndTraces(S)) C Conp(traces(C)) or we have  we reconsider our conformance relations under the assump-
() = Conmp(sndTr aces(S)) = Conp(t races(C)). tion that these additional messages are allowed indeed. Tha
We say thatS fully conforms to C with respect is, services are allowed to send/receive additional messag
to sending actions denoted by S conf! ¢, if not included in the choreography. In order to avoid confasio
Conp(sndTraces(S)) = Conp(t races(C)). between standard chorography messages and other messages,

We say thatS conforms toC with respect to process- the latter messages are required to be different to the forme
ing actions denoted byS conf, C, if we have either  Regarding the definition of conformance relations, we nejui



traces inclusion/equality again, though we remove aduitio
messages prior to comparing sets of traces.

Definition 4.2 Let cesndTraces(S)UprcTraces(S)
whereS is a system of services. Theonstrainof ¢ to a
set of inputs and output9, denoted by @, is the result of
removing fromo all elementga, m, b) with m ¢ Q.

Let S be a system of services fafD and letC =
(S,M,ID,s;,,T) be a choreography. Letonf, €
{conf,,conf/ conf, conf/}. We haveS conf/ C
if § conf, C provided that the occurrences of
sndTraces(S) andpr cTr aces(S) appearing in Defini-
tion 4.1 are replaced by sefg™ |0 € sndTraces(S)}
and {oM|s € prcTraces(S)}, respectively. Now, let
conf, € {conf,conf/}. We haveS conf/ C if
S conf, C provided that the occurrences afonf g,
conf/, conf,, conf/ appearing in the definition of
conf andconf /, given in Definition 4.1, are replaced by
conf’,conf # conf/ conf/, respectively. i

We revisit our previous example. Let us modify services
24 and25 in such a way that, right aft@5 sends or c to ser-
vice 26, service25 tells service24 whetherb or ¢ was sent.
This is done by sending to servied a new message or e,
respectively. Servicest’ and25’ (also depicted in Figure 4)
are the resulting new versions of servi@dsand25, respec-
tively. Let us note that the system consistingiti, 25’, and
26 conforms to27 with respect to all conformance relations
introduced in the previous definition, because all of them ig
nore messagetande.

Intuitively, a derivation of services based on a simple pro-

the orchestration and the corresponding derived servides w
conformto the choreography with respect to albnf ’, re-
lations given in Definition 4.2. Let us note that, since the
only message required by the orchestrator to continue ts sen
by the addressee denoted in the choreography transition, at
a given time the orchestrator and the services could have
reached different steps of the choreography simulation exe
cution (in general, the orchestrator will be ifwather step).
There is no risk that services confuse the order in which each
transition must be taken, because all messages controlling
transition choices are introduced in input buffers (as & r

of messages) and they will belong to the sayge Thus,

they will be processed in the same order as the orchestrator
sent each of them. This guarantees that services will be led
through the choreography graph by following the orchestra-
tor plan, in the same order as planned. Next we will assume
that the identifier of the orchestratordsc.

Definition 4.3 Let C = (S,M,ID,s;,,T) be a choreog-
raphy machine wherd D {idy,...,id,} and S
{s1,...,s}. Foralll < i < n, thecontrolled servicefor
C andid;, denoteccont r ol | ed(C, id;), is a service

idi, SuU {Sija S:7|Z,j S [11]},
MU {aij|i,j € [11]}71\/[U {bwll,] S [11]},
sin, Ti, {{m}Im € M} U {{as;li, j € [L.1]}}

M, =

where for alls; € S the following transitions are iff;:
e Letty,...,t; be the transitions leaving; in C. For all

(ore,a;p)/(null,null)

1 <p < k we haves;

SjPGTi.

jection does not work because it does not make services fol-

low the non-deterministic choices taken by the choreograph
In order to solve this problem, next we consider an alterna-
tive way to extract services from the choreography. In par-

ticular, new control messages are added to make all services

follow the same non-determinism choices of the choreogra-
phy, as we did in our previous example. In order to do it, we
will introduce a new service, called tleechestrator which

will be responsible of making all non-deterministic ch@ice
of the choreography. For each stateof the choreography
having several outgoing transitions, an equivalent ttawsi
will be non-deterministically taken by the orchestratay(s
thep-th available transition). Next, the orchestrator willéak
several consecutive transitionsdaanouncats choice to all
services. In each of these transitions, the orchestratbr wi
send a messagg, to another service, meaning that ih¢h
transition leaving state; must be taken by the service. After
(a) the orchestrator announces its choice to all servigas; a
(b) the orchestrator receives a messiggdérom theaddressee

of the choreography transition (this message denotestthat t

addressee has processed the message), the orchestrhtor wil
reach a state representing the state reached in the choreod-

d—ad .
o Lett, = s, —/tndmedn s, € T be thep-th transi-

tion leavings; in C. Foralll < j <landl <p <k

(snd’,i)/(adr’ o)

we haves, ujp € T;, where

() if snd = id; thensnd’
o=m, andu;, = s

1 = null, adr’ = adr,

/
I
(b) else, ifadr = id; thensnd' = snd, i = m, adr’ =

o = null, anduj, = s}, Besides, we also have
(null,null)/(orc,bjp)

/!
Jjp
(c) elsesnd’ =i = adr’ = o0 = null andu;, = s.

The orchestratorof C, denoted byor chest r at or (C),
is a service

orc, SU {sikli,j € [1..1),k € [1.n+1]},
MU {b”|2,] S [11]},MU {aij|z’,j € [11]},
Sins Lo, {{m}m € M} U {{asli,7 € [1..0}}

O:

here for alls; € S the following transitions are included in

raphy after taking the selected transition, and the same pro~°-

cess will be followed again. By adding the orchestrator, we
make sure that all services follow the same non-deternmgnist

choices of the choreography, and thus a system consisting of

e Letty,...,t; be the transitions leaving; in C. For all

(null,null) / (null,null)

1 <p <k we haves; Sjp1 €T5.



Definition 4.5 We have thatontrol | ed’ (C,id;) is de-

fined ascont r ol | ed(C, id;) after replacing cases (a) and
(?,aZ))/ (?,315/ (?_,_a_z_gl (b) of Definition 4.3 by the following expressions:
R b, (@) if snd = id; thensnd = i = null, adr’ = adr,
A—>B G| (A'e)/l (__1__)/1 o = m, andu;, = s,,. Besides, we also have
=) (=) (A null,null)/(orc,b;p .
b, v ! . ( )/( ) S inT;.
(;',j;%’) ((;’,Ei/i (b) else, ifadr = id; thensnd’ = snd, i = m, adr’ = o0 =
I, andu;, = s.
(? m;/ (A(,bZ)) ° ° nu Ujp = 55 O
Y b4 '. Theorem4.6Let C = (S,M,ID,s;,,T) be a chore-
ography with ID = {idy,...,id,}. Let § =
. o ) ) (controll ed (C,idy), ...,controlled (C,id,),
Figure 2. Derivation of services with orchestra- or chestrator (C)). Forallconf, € {conf’, conf/}
tor. we havesS conf ,, C. 0

Let us note that we can remove the orchestrator and dis-
B m/(snd—adr) ) tribute its responsibilities among the services themsglve
o Lett, =s; — sj € T'bethepthtransi- 5 making a decentralized solution. Lebe a choreog-
tion Ieavmgsj”ln Cl’l FSr all=psk lsi<nwe raphy state with several outgoing transitions. Insteadsef u
(null, null)/(id: ajp) s;pis1€T,. We also  ing an orchestrator to choose which transition is taken, we

have s;,;
do as follows: We sort all outgoing transitions e.g. by the

(adr,bjp)/(null,null)

haves;p n1 5; € To. O name of the sender and we make the first sender choose be-
tween (a) taking any of the transitions where it is the sender
Theorem4.4let C = (S, M,ID,s;n,T) be a  or(b)refusingto do so. In case (a) it will announce its choic
choreography with ID = {idy,...,id,}. Let  to the rest of services, thus playing the role of the orches-
§ = (controlled(C,id),..., controlled(C,id,), trator in this step. In case (b) it will notify its rejection t
orchestrator(C)). Forallconf, € {conf,conf;, choose a transition to the second service. Then, the second
conf’,conf/ conf/ conf/} we haveS conf,C. O service will choose either (a) or (b) in the same way, and so

on up to the last sender, which will be forced to take one of its

Figure 2 shows a choreograpbyas well as the services transitions. Let us note that, in this alternative desigsela
derived fromC by applying Definition 4.3, including an or-  vice can receive the request to take a given non-deternainist
chestratoO. choice fromseveralservices, and thus all corresponding tran-

If we do not need to meet the conformance with respect sitions must be created. This complicates the definitiohef t
to processing traces, that is, if we only requirenf /. and derivation; due to the lack of space, the formal definition of
conf 7, then we do not need to require that addressees ofthis derivation is given in Appendix B (see Definitions 5.1
choreography transitionsockthe advance of the orchestra- and 5.1). As it is shown in Theorems 5.2 and 5.2, the set
tor until they process received messages. This restrietas  of services derived in this way also conforms to the chore-
imposed just to force the message processing follow ther orde ography with respect to all relations given in Definition 4.2
required by the choreography. Alternatively, if addressie (if services wait for the addressee of the choreographgiran
not block the orchestrator then, for instance, the serdee r tion) or with respect teonf ’, andconf / (if they do not).
sponsible of processing the second message of the execution An example of derivation of the former kind is depicted
could process it before the service responsible of proegssi in Figure 3. For the sake of simplicity, some transitions in-
the first one does so. Even if the orchestrator were not re-cluded in the formal derivation have been omitted. Service
quired to wait for the addressees, the order in which mes-receives the responsibility of either taking one of the ¢ran
sages arsentwould be correct as long as the orchestrator is tions where it is the sender (there is only one in this exajmple
required to wait for thesenders Actually, if we only con- or refusing to do so. In the former case, it tells the next ser-
sider conformance with respect to sending traces thenaepla vice in the list (B) that it will decide the transition indeed
ing the restriction of waiting for the addresses by the iestr  (message?2) and next it tells all services (i.e. just) which
tion of waiting for the senders is a good choice in terms of of its transitions it will actually takea21). Then, it sends
efficiency. This is because, in this case, the orchestratbr w to B and waits for a signal indicating th@t has processed
not be blocked just waiting for the message to be processedthe message?). In the latter case, i.e. if it refuses to choose
on the contrary, it will be able to go on even if the message one of its transitions, then it tells its decision to nexivim
has not been processed yet. Thus, by taking this alternative B (message1) and waits for the rest of services (juB) to
the rate of activities the services can actually executsin tell it which choice it must take. WheR does so ¢11), it
allel is increased. waits for receivingh from B and next it acknowledges the
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Appendix A: Examples and Case Study 12. The set of complete sending traces %f is equal to
{[(9, a,10), (9,0, 10)],[(9,0,10), (9, a, 10)]}, while the set

In this appendix we illustrate the use of the confor- of complete processing traces 8§ is {[(9,a,10)]}. On
mance relations given in Definition 4.1 with some simple the one hand, the only complete trace of choreography
examples, and next we show a small case study includ-11 is [(9,a,10)], so S3 conforms toll only if process-
ing a more elaborated system. Intuitively, a complete path-ing traces are considered (with respect to botmf , and
closure (see Definition 3.1) is a set consisting of a (max- conf /). On the other hand, choreographs can produce
imal) sequence as well as all of its prefixes. Let us note both [(9, a, 10), (9,5, 10)] and [(9, b, 10), (9, a,10)]. Since
that the longest element of finite complete path-closure only complete traces are considerfg,conforms tol2 only
of traces necessarily finishes with te¢ op symbol. For if sending traces are regarded (according to lathf ; and
the sake of clarity, from now on a complete path-closure conf /).

will_be referred just by its longest element not includ- pegpite of the fact that only asynchronous communica-
ing the st op symbol. For instance, the complete path- tjons are considered in our framework, synchronous commu-
closure{[], [(1,a,2)], [(1, a,2), (1,0,2)], (1, a,2),(1,b,2), nications can be trivially defined indeed. Let us consider th
st op]} will be referred just by((1,4,2),(1,b,2)] (and we  gystems, consisting of services3 and14. After 13 sends

will say that[(1,a,2), (1,b,2)] is a complete track Fol- messagensg to 14, servicel3 will be blocked until14 per-
lowing a similar idea, aninfinite complete path-closure f5rms its unique transition and sends message back to
of the form {[ |, [(a1,b1,c1)], [(a1,b1,c1), (a2,b2,c2)], 13. So, a synchronous communication betwéérand 14

[(a1,1, c1), (a2, b2, ¢2), (a3, b3, ¢3)], ...} will be referred by s actyally expressed by this trivial structure. A syniacti

the infinite list[(a1, b1, c1), (a2, b2, c2), (as, bs, c3), - . .]. sugar to denote a synchronous communication like this is im-
Figure 4 presents several orchestration services andchorepncmy proposed in pictures of servicess and 16, which

ographies. For all depicted services we will assume each iN-3re intended to be equivalent 18 and 14, respectively. In

put belongs to a different type of inputs. LEf be a sys-  paricular, we propose to denote a synchronous communi-

tem of orchestration services consisting of servitesnd cation on messageisg by using new symbolsnsg? and
2. We check whethef, conforms to choreographiésand .1 | et us note that if only these kind of messages are
6. If we consider theconf ; relation, then we observe that | ,sad in orchestrations. themnf . = conf , = conf and

S1 conforms to both5 and 6. This is because the only . ¢ 7 — conf/ = conf /.
possible complete sending trace$xfis [(1, a, 2), (1,5, 2)], P o ) )
which is included in the set of complete traces ®f Let us recall that the suitability of an orchestration seevi
(which is {[(1,a,2),(1,b,2)],[(1,,2),(1,a,2)]}) and 6 to fulfill a given choreography depends on the behavior of
({[(1,a,2), (1,b,2)]}). Concemingfull conformance, we the rest of involved services. In order to illustrate thi w
have thatS; fully conforms to6 with respect to sending reVisit the travel agency example presented in Section 2. A
traces, but not t5. Regarding processing traces, let us travelagency (servicer) waits for a message(standing for
note thatS; can generate the complete processing traces We Provide you with a transfer servicgfrom any of two
[(1,a,2),(1,b,2)] and[(1,b,2), (1,a,2)] (note that, after possible services: an air company or a hotel. We consider
andb are received in the input buffer of serviee service WO possible air companies, represented by serviéesnd

2 can process them in any order). Both complete process—15/- Servicel5 provides service 7 with a transfer service,
ing traces are included in the set of complete traces,of While 15" does nothing. Similarly, serviceis; and 16’ rep-

but not in the corresponding set 6f which only includes ~ €Sent two hotels, where onl provides the travel agency
[(1,a,2),(1,b,2)]. Thus, if eitherconf , or conf / are con- with a transfer. Most combinations of, on one hand, eitfer
) Y ) e * 1 P

sidered, thers; conforms ta5, but not to6. or 15" and, on the other hand, eith&é or 16’, allow 17 to

Let S, be the system consisting of servideand4, and let ~ Satisfy the choreographys with respect to (non-full) send-
us compare it with choreographiesnds. In this case, we g and processing conformance. In fact, only combirlibg
have the opposite result as before. In particular, if preces vv_|th 16 fa|I§ to meet both non-full semantic rglatlons. Thus,
ing traces are considered, théa conforms to both chore- either the air company or t_he hotel must prowde_ the transfer
ographies (iffull conformance is considered, it only con- If full cor_lformance is required, then_the _only v_al|d combina
forms to8). However,S, does not conform t8 when send-  tion of air company and hotel consists in takitgand16,
ing traces are considered, regardless of whether full confo respectively.
mance is considered or not. Let us note thatan perform We show that systems of orchestrations are required to
the sending trace$3, a, 4), (3,b,4)] and[(3,b,4), (3,a,4)]. completeall started sequences, that is, they are required
However, the sets of complete traces of choreographiesot to finish a started sequence until the choreography ex-
7 and 8 are {[(3,a,4),(3,b,4)],[(3,b,4),(3,a,4)]} and plicitly allows it. Let us consider orchestration services
{[(3,a,4), (3,b,4)]}, respectively. Thus, Eonf , orconf / 21, 22, and 22, as well as choreograpt33. Let S5 be
are considered, thesh, conforms to choreograpt¥y but not a system consisting of serviceéd and22. The sequence
to choreographg. [(21,a,22),(21,b,22)] is both the only complete sending
Next, let S3 be the system consisting of servics  trace and the only complete processing trace&snf Thus,
and 10. We compareSs; with choreographiesll and S5 conforms to choreograptB8 with respect to both kinds

10



of traces. Let us substitute the definition of serviteby s1 | (L,iProduct,2), (2,IProduct,1), (1,Nothing,2)

that given for service?2’, and letS; be the resulting sys- sy | (L,iProduct,2), (2,IProduct,1), (1,bProduct),
tem. The set of complete sending tracesSéfis the same (2,NoStock,1)

as S5, so S{ also conforms ta®3 with respect to sending ss3 | (1,iProduct,2), (2,IProduct,1), (1,bProduct),
traces. However, the set of complete processing traces of (2,Stock,1), (1,iPayment,2), (2,Receipt,1),

SLis {[(21,a,22'), (21,b,22)],[(21, a,22')]} because22’

could take its right path and get stuck after receivirn(gnore

formally, [(21,a,22"),st op] is a processing trace of}).

Since[(21, a, 22")] is not acompleteprocessing trace df3,

St does not conform t@3 with respect to processing traces.
Finally, we consider a case where there iafenite com- » ] ] o

plete traces in systems due to the presence of loops. Let u@0sition of the proposed orchestration services satidfies t

revisit the orchestrations and the choreography prewalest ~ choreography.

picted in Figure 1, and lef be the composition aft and B. Let us consider the systeth= (1,2, 3), wherel, 2, and3

The infinite set of complete traces of choreograghig T’ = repr_esent the cll_ent service, the seller service, and ﬂ_meca

{0,01,02,03, ...}, whereo is the infinite concatenation of ~ S€rVvICe, respectively. L&t be the choreography machine de-

the subsequence = [(A,request, B), (B, response, A)], plcted in Figure 7, and let;, so, s3 be the sequences d§p_|cted

thatis,c = a-a-a-... and for alli € N we have in Table 1. For all complete trace of C, ¢ is an infinite

o; = (@)F - (A, exit, B). In fact, the infinite set of complete ~concatenation of subsequenaes= a; - az - a3 - @y - ...

sending and processing tracesSis T as well, so we have ~ Where for alli € N we havea; € {s1,s2,53}. Letus

that S conforms toC with respect to all relationsonf ,, note that any complete sending or processing tracef

conf ,, conf, conf /, conf ;‘)" andconf 7. S must also be an infinite concatenation of subsequences
Finally, we present a small case study consisting in a mores1: $2; s3. Hence, for allo’” € Conp(sndTraces(S)) U

elaborated system. This is a typical purchase process thafoP(pr ¢ Tr aces(S)) we haves’ € Conp(t races(C)),

uses Internet as a business context for a transaction. Ther@nd thus we have botficonf ,C andSconf ,C, which im-

are three actors in this example: a customer, a seller and #/iesSconf C. Moreover, in this case we also have that, for

carrier. The purchase works as follow customer wants ~ @ll o € Conp(traces(C)), o € Conp(sndTraces(S))

to buy a product by using Internet. There are several sell- ado € Conp(pr cTraces(S)). Therefore, we also have

ers that offer different products in Internet Servers based ~ Sconf [C, Sconf /¢, andSconf /¢,

Web-pages. The customer contacts a seller in order to buy

the desired product. The seller checks the stock and cantact Appendix B: Derivation of decentralized sys-

with a carrier. Finally, the carrier delivers the product tbe tems of services

customer”

Figures 5 z_;\nd 6 depict the orchestration of_the three actors | this appendix we formally present the derivation of de-
represented in this purchase process, that is, the customegentralized systems of services from choreographies. Two
the.seller and the carrier. The behavior of each particigant 5jternatives are considered: Making the system conform to
defined as follows: the choreography with respect to all proposeshf /. con-
formance relations, and making it conform only with respect
to sending traces. Theorems 5.2 and 5.4 show the correctness
of both approaches.

(2,PickOrder,3), (3,DeliverOrder,1)

Table 1. The choreography C traces.

e Customer: It contacts the seller to buy a product. After
consulting the product list, it can either order a product
or do nothing. If the customer decides to buy a product,
then it must send the seller the information about the Definition 5.1 Let C = (S, M,ID,s;,,T) be a choreog-
product and the payment method. After the payment, it raphy machine wherd D {idy,...,id,} and S =
waits to receive the product from a carrier. {s1,...,81}. Foralls € Sandid € ID, letT,,q =

) {(s,m,id,adr,s")|3 adr,m,s’ : (s,m,id,adr,s’) € T}

e Seller: It receives the customer order and the paymentandms_’id = |Tyal- Foralll < j < myq, lett,q; de-

method. The seller checks if there is enough stock 0 e the j-th transition of, ;4 according to some arbitrary

deliver the order and sends an acceptance notification toordering criterium. Letidfzi’ N aidZ; ] denote the sequence

the customer. If there is stock to deliver the order, then

it contacts with a carrier to deliver the product.

e Carrier: It picks up the order and the customer informa-
tion in order to deliver the product to the customer.

of all identifiersid € ID such thatrris,id > 1, ordered ac-
cording to some arbitrary ordering criterium.

For all1 < i < n, the decentralized servicéor C
andid;, denoteddecentral (C,id;), is a serviceM; =

(id;, Si, Il O, sin, T3, {I1}), whereS], I, O} consist of all

1)) 27 7)

Figure 7 shows the choreography of this Internet purchasestates, inputs, and outputs appearing in transitions idbestr
process. Once the orchestrations of the three service and thnext and, for alls € S, the following transitions are iff;:

choreography specification are defined, we use the confor-

mance relations given in Definition 4.1 to check if the com-

11

[CASE 1] If there are transitions leavingin which id;
is the sender, buld; is neither the first nor the last service



(2, NoStock)/

(7# 7)
rod)/(2, Nothing)

(= =)/

(2,1Prod)/

@ Carrier

(2,iProd)

(2, bProd)
(2, Stock)/(4, iPayment)

(2, Receipt)/

(2, PickOrder)/
(1, DeliverOrder)

(717)

J

Figure 5. Client and Carrier orchestration specifications.

@ Seller

(1,iProd)/(1,lProd)

(1, Nothing)/(—, —)

1, bProduct)/(1, NoStock

(= =)/
(3, PickOrder)

(1,bProduct)/
(1, Stock)

(1,iPayment)/(1, Receipt)

Figure 6. Seller orchestration specification.

doing so, that is, ifd; = idg | for somel < j < aj , then
we consider the following transitions:

(a) S Sicanchoose (idifl
tellsid; that it refuses to choose one of its transitians)

(id;—1,idontchoose) /(null,null)

(id;—1,alreadychosen)/(id;41,alreadychosen)

(b) s
Sidontchoose (1d;—1 tells id; that somebody has al-
ready chosen, andll; propagates the message)

(null,null) /(id;+1,idontchoose)

(C) Sicanchoose
Sidontchoose (1d; decides not to choose)

(null,null)/(id;+1,alreadychosen)

(d) Sicanchoose )
Siwillchoose (1d; decides to choose)

(e) Foralll <j <Tjs;q, we have:

(e.1) Let tsa,;, = (s,m,snd,adr,s). We

(null,null) /(adr,takemychoice; )

haVe Siwillchoose

12

Sichoose; (id; chooses itgi-th transition and asks
adr to take its choice)
(null,null)/(adr,m)

(62) Sichoose; Sichoose;. (Zdl sends
the messagen denoted by itsj-th transition to
adr).

(adr,ididit) / (null,null)

(63) Sichoose; Sichooseﬂ (Zdz
waits for a signal fromudr indicating thatm was
processed)

(e.4) LetG ={glg € [1.n—1],g # i,idg # adr}. For
all1 < j <Ts,qsandallk € G we have

(null,null)/(idy ,takemychoice;)

* SichOOSEjk

Sichoose, 1 wherek’ is the minimum value

in G such thatt’ > k (id; asks everybody to
take its choice)
(null,null) /(idy, ,takemychoice; )

(95) Sichoose,n s’ (af-
ter askingid,, to take its choicejd; reaches the
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Nothing

1—-2

NoStock

1—2 2 —1 1—2
Deliver@rder Stock
3—=1 2—1
PickOrder Receipt iPayment
[ ] (] ° °
2—3 2—1 1—2

Figure 7. The choreography specification.

destination ot ,4, ;, thatiss’).

(f) Forallj € [1.n)\{i} and for alll < k < T iq,, We
have:

(f.1) Let us assumé ;q; «
If adr

= (s,m,snd,adr,s").
id; then we have
(idj,takemychoicey )/ (null,null)

Sidontchoose

(idj,m)/(idj,ididit) S/

Sifollowjk and Sifollowj;C
(id; takes thek-th choice ofid;, which makesd;
receive a message froiri; and next acknowledge

it).
(f.2) Otherwise, we have
(idj,takemychoicey, )/ (null,null) ,
Sidontchoose S
(¢d; takes thek-th choice ofid;, which does not
concernid;).

[CASE 2] If there are transitions leavingin which id;
is the sender andd; is the first service doing so, that is,
if id; = id; , then we consider the same transitions as in

case 1, though transitions given in (a) and (b) are replaged b
(null,null) /(null,null)

Sicanchoose-

[CASE 3] If there are transitions leavingin which id;
is the sender andd; is the last service doing so, that is,
if id; zdss , then we consider the same transitions as

in case 1, though the transition given in (b) is replaced by
(id;—1,alreadychosen) /(null,null)

Sidontchooses the transi-

tion denoted in (c) is removed, and transition (d) is repdace
(null,null) /(null,null)

by Sicanchoose Siwillchoose

[CASE 4] If there is no transition leavingin whichid; is
the sender, that is ifd; # id; forall1 <j < aj ,thenwe
consider the same transitions as in case 1, though tramsitio
(null,null) / (null,null)

givenin (a) and (b) are replaced by

Sidontchoose-

O
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Theorem 5.2 Let C (S,M,ID,s;,,T) be a chore-

ography with ID = {idy,...,id,}. Let S =
(decentral (C,id;),..., decentral (C,idy)). For all
conf, € {conf/ conf/ conf’ conf f’, conf [,
conf 7} we haveS conf , C. O

Definition 5.3 We have thatdecentral ' (C,id;) is de-

fined asdecentral (C,id;) in Definition 5.1 after replac-
(null,null) /(null,null)

ing the transition (e.3) byichooseg
Sichoose;; and replacing the second transition denoted in (f.1)

(¢dj,m)/(null,null) o 0

by Sifollowj;C

Theorem5.4Let C = (S,M,ID,s;,,T) be a chore-
ography with ID {idy,...,idp}. Let S
(decentral’ (C,idy),..., decentral ’ (C,id,)).
allconf , € {conf’,conf /} we haveS conf , C.

For
O



