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t. In this paper we present a formal model to represent or
hes-trations and 
horeographies, and we provide some semanti
 relations todete
t their 
onforman
e, i.e., whether a set of or
hestrations represent-ing some web servi
es leads to the overall 
ommuni
ations des
ribed ina 
horeography.1 Introdu
tionWe present a formal framework to de�ne models of asyn
hronous web servi
esas well as to study them. Our main goal is allowing to de�ne or
hestrations and
horeographies as well as to 
ompare them. That is, given the or
hestration ofsome web servi
es and a 
horeography de�ning how these web servi
es should in-tera
t, we provide a diagnosti
 method to de
ide whether the intera
tion of theseweb servi
es ne
essarily leads to the required observable behavior, i.e. whetherthe or
hestration 
onforms to the 
horeography. Models of or
hestrations and
horeographies are 
onstru
ted by means of two di�erent languages, and someformal semanti
 relations de�ne how the terms de�ned in both languages are
ompared. Our modeling languages fo
us on a

urately de�ning asyn
hronous
ommuni
ation aspe
ts. In parti
ular, languages expli
itly 
onsider servi
e iden-ti�ers, spe
i�
 senders/addressees, message bu�ers, et
.There are few related works that deal with the asyn
hronous 
ommuni
ationin 
ontra
ts for web servi
e 
ontext. In fa
t, we are only aware of three works fromvan der Alst et al. [7℄, Kohei Honda et al. [4℄ and, Bravetti and Zavattaro [2℄. Inparti
ular, van der Alst et al. [7℄ present an approa
h for formalizing 
omplian
eand re�nement notions, whi
h are applied to servi
e systems spe
i�ed using openWork�ow Nets (a type of Petri Nets) where the 
ommuni
ation is asyn
hronous.The authors show how the 
ontra
t re�nement 
an be done independently, andthey 
he
k whether 
ontra
ts do not 
ontain 
y
les. Kohei Honda et al. [4℄ presenta generalization of binary session types to multiparty sessions for π-
al
ulus.They provide a new notion of types whi
h 
an dire
tly abstra
t the intended
onversation stru
ture among n-parties as global s
enarios, retaining an intuitivetype syntax. They also provide a 
onsisten
y 
riteria for a 
onversation stru
ture
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with respe
t to the proto
ol spe
i�
ation (
ontra
t), and a type dis
ipline forindividual pro
esses by using a proje
tion. Bravetti and Zavattaro [2℄ allow to
ompare systems of or
hestrations and 
horeographies by means of the testingrelation given by [1, 3℄. Systems are represented by using a pro
ess algebrai
notation, and operational semanti
s for this language are de�ned in terms oflabeled transitions systems. On the 
ontrary, our framework uses an extension of�nite state ma
hines to de�ne or
hestrations and 
horeographies, and a semanti
relation based on the 
onforman
e relation [5, 6℄ is used to 
ompare both models.In addition, let us note that [2℄ 
onsiders the suitability of a servi
e for a given
horeography regardless of the a
tual de�nition of the rest of servi
es it willintera
t with, i.e. the servi
e must be valid for the 
onsidered role by its own.This eases the task of �nding a suitable servi
e �tting into a 
horeography role:Sin
e the rest of servi
es do not have to be 
onsidered, we 
an sear
h for suitableservi
es for ea
h role in parallel. However, let us note that sometimes this is notrealisti
. In some situations, the suitability of a servi
e a
tually depends on thea
tivities provided by the rest of servi
es. For instan
e, let us 
onsider that atravel agen
y servi
e requires that either the air 
ompany servi
e or the hotelservi
e (or both) provide a transfer to take the 
lient from the airport to thehotel. A hotel providing a transfer is good regardless of whether the air 
ompanyprovides a transfer as well or not. However, a hotel not providing a transfer isvalid for the travel agen
y only if the air 
ompany does provide the transfer. Thiskind of subtle requirements and 
onditional dependen
ies is expli
itly 
onsideredin our framework. Thus, 
ontrarily to [2℄, our framework 
onsiders that thesuitability of a servi
e depends on what the rest of servi
es a
tually do.2 Formal modelIn this se
tion we present our languages to de�ne models of or
hestrations and
horeographies. Some preliminary notation is presented next.De�nition 1. Given a type A and a1, . . . , an ∈ A with n ≥ 0, we denote by
[a1, . . . , an] the list of elements a1, . . . , an of A. We denote the empty list by [ ].Given two lists σ = [a1, . . . , an] and σ′ = [b1, . . . , bm] of elements of type Aand some a ∈ A, we have σ·a = [a1, . . . , an, a] and σ·σ′ = [a1, . . . , an, b1, . . . , bm].Given a set of lists L, a path-
losure of L is any subset V ⊆ L su
h that forall σ ∈ V we have� either σ = [ ] or σ = σ′ · a for some σ′ with σ′ ∈ V .� there do not exist σ′, σ′′ ∈ V su
h that σ · a = σ′ and σ · b = σ′′ with a 6= b.We say that a path-
losure V of L is 
omplete in L if it is maximal in L, thatis, if there does not exist a path-
losure V ′ ⊆ L su
h that V ⊂ V ′. The set of all
omplete path-
losures of L is denoted by Complete(L). ⊓⊔We present our model of web servi
e or
hestration. The internal behavior ofa web servi
e in terms of its intera
tion with other web servi
es is represented by2



a �nite state ma
hine where, at ea
h state s, the ma
hine 
an re
eive an input iand produ
e an output o as response before moving to a new state s′. Moreover,ea
h transition expli
itly de�nes whi
h servi
e must send i: A sender identi�er
snd is atta
hed to the transition denoting that, if i is sent by servi
e snd, thenthe transition 
an be triggered. We assume that all web servi
es are identi�edby a given identi�er belonging to a set ID. Moreover, transitions also denote theaddressee of the output o, whi
h is denoted by an identi�er adr. Let us note thatweb servi
es re
eive messages asyn
hronously. This is represented in the modelby 
onsidering an input bu�er where all inputs re
eived and not pro
essed yetare 
umulated.De�nition 2. Given a set of servi
e identi�ers ID, a servi
e for ID is a tuple
(id, S, I, O, sin, T ) where id ∈ ID is the identi�er of the servi
e, S is the set ofstates, I is the set of inputs, O is the set of outputs, sin ∈ S is the initial state,and T is the set of transitions. Ea
h transition t ∈ T is a tuple (s, i, snd, o, adr, s′)where s, s′ ∈ S are the initial and �nal states respe
tively, i ∈ I is an input, snd ∈
ID is the required sender of i, o ∈ O is an output, and adr ∈ ID is the addresseeof o. A transition (s, i, snd, o, adr, s′) is also denoted by s

(snd,i)/(adr,o)
−−−−−−−−−−−−→ s′.Given a servi
e M = (id, S, I, O, sin, T ), a 
on�guration of M is a pair c =

(s, b) where s ∈ S is a state of M and b is an input bu�er for M . An input bu�erfor M is a list [(id1, i1), . . . , (idk, ik)] where id1, . . . , idk ∈ ID and i1, . . . , ik ∈ I.The initial 
on�guration of M is (sin, [ ]). The set of all input bu�ers is denotedby B.Let b = [(id1, i1), . . . , (idk, ik)] ∈ B with k ≥ 0 be an input bu�er. We de�nethe following fun
tions: exists(b, id, i) holds i� (id, i) ∈ {(id1, i1), . . . , (idk, ik)};insert(b, id, i) = b · (id, i); remove(b, id, i) = [(id1, i1), . . . , (idj−1, ij−1), (idj+1,

ij+1), . . . , (idk, ik)] provided that j ∈ IN is the minimum value su
h that j ∈
[1..k], id = idj , and i = ij . ⊓⊔On
e we have presented our model of web servi
e or
hestration, we providea way to 
ompose servi
es into systems. In formal terms, a system is a tuple ofservi
es. The 
on�guration of a system is given by the tuple of 
on�gurations ofea
h servi
e in the system.De�nition 3. Let ID = {id1, . . . , idp}. In addition, for all 1 ≤ j ≤ p, let Mj =
(idj , Sj , Ij , Oj , sj,in, Tj) be a servi
e for ID. We say that S = (M1, . . . , Mp) is asystem of servi
es for ID.For all 1 ≤ j ≤ p, let cj be a 
on�guration of Mj . We say that c = (c1, . . . , cp)is a 
on�guration of S. Let c′1, . . . , c

′

p be the initial 
on�gurations of M1, . . . , Mp,respe
tively. We say that (c′1, . . . , c
′

p) is the initial 
on�guration of S. ⊓⊔Next we formally de�ne how systems evolve, i.e. how a servi
e of the systemtriggers a transition and how this a�e
ts other servi
es in the system. In fa
t,the next de�nition presents the operational semanti
s of systems. In general,outputs of servi
es will be 
onsidered as inputs of the servi
es these outputs aresent to. Besides, we 
onsider a spe
ial 
ase of input/output that will be used todenote a null 
ommuni
ation. In parti
ular, if the input of a transition is null3



then we are denoting that the servi
e 
an take this transition without waitingfor any previous message from any other servi
e, that is, we denote a proa
tivea
tion of the servi
e. Similarly, a null output denotes that no message is sent toother servi
e after taking the 
orresponding transition. In both 
ases, the senderand the addressee of the transition are irrelevant, respe
tively, so in these 
asesthey will also by denoted by a null symbol.De�nition 4. Let ID = {id1, . . . , idp} be a set of servi
e identi�ers and S =
(M1, . . . , Mp) be a system of servi
es for ID where for all 1 ≤ j ≤ p we havethat Mj = (idj , Sj , Ij , Oj , sj,in, Tj). Let c = (c1, . . . , cp) be a 
on�guration of Swhere for all 1 ≤ j ≤ p we have cj = (sj , bj).An evolution of S from the 
on�guration c is a tuple (c, snd, i, proc, o, adr, c′)where i ∈ I1 ∪ . . . ∪ Ip is the input of the evolution, o ∈ O1 ∪ . . . ∪ Op is theoutput of the evolution, c′ = ((s′1, b

′

1), . . . , (s
′

p, b
′

p)) is the new 
on�guration of S,and snd, proc, adr ∈ ID are the sender, the pro
esser, and the addressee of theevolution, respe
tively. All these elements must be de�ned a

ording to one ofthe following 
hoi
es:(a) (evolution a
tivated by some servi
e by itself) For some 1 ≤ j ≤ p, let ussuppose sj
(null,null)/(adr′,o)

−−−−−−−−−−−−−−−→ s′ ∈ Tj . Then, s′j = s′ and b′j = bj. Besides,
snd = null, proc = idj , adr = adr′;(b) (evolution a
tivated by pro
essing a message from the input bu�er of someservi
e) For some 1 ≤ j ≤ p, let sj

(snd′,i)/(adr′,o)
−−−−−−−−−−−−−−→ s′ ∈ Tj and let us sup-pose exists(bj , snd′, i) holds. Then, s′j = s′ and b′j = remove(bj , snd, i).Besides, snd = snd′, proc = idj , and adr = adr′;where, both in (a) and (b), the new 
on�gurations of the rest of servi
es arede�ned a

ording to one of the following 
hoi
es:(1) (no message is sent to other servi
e) If adr′ = null or o = null then for all

1 ≤ q ≤ k with q 6= j we have s′q = sq and b′q = bq.(2) (a message is sent to other servi
e) Otherwise, let idg = adr′ for some
1 ≤ g ≤ k. Then, we have s′g = sg and b′g = insert(bg, idj , o). Besides, forall 1 ≤ q ≤ k with q 6= j and q 6= g we have s′q = sq and b′q = bq. ⊓⊔We distinguish two kinds of tra
es. A sending tra
e is a sequen
e of outputsordered as they are sent by their 
orresponding senders. A pro
essing tra
e is asequen
e of inputs ordered as they are pro
essed by the servi
es whi
h re
eivethem, that is, they are ordered as they are taken from the input bu�er of ea
haddressee servi
e to trigger some of its transitions. Both tra
es atta
h someinformation to expli
itly denote the servi
es involved in ea
h operation.De�nition 5. Let S be a system and let c1 be the initial 
on�guration of S. Inaddition, let (c1, snd1, i1, proc1, o1, adr1, c2), (c2, snd2, i2, proc2, o2, adr2, c3), . . . ,

(ck, sndk, ik, prock, ok, adrk, ck+1) be k 
onse
utive evolutions of S.Let a1 ≤ . . . ≤ ar denote all indexes of non-null outputs in the previous se-quen
e, i.e. we have j ∈ {a1, . . . , ar} i� oj 6= null. Then, [(proca1
, oa1

, adra1
), . . . ,4



(procar
, oar

, adrar
)] is a sending tra
e of S. In addition, if there do not exist

snd′, i′, proc′, o′, adr′, c′ su
h that (ck+1, snd′, i′, proc′, o′, adr′, c′) is an evolutionof S then we also say that [(proca1
, oa1

, adra1
), . . . , (procar

, oar
, adrar

), stop] is asending tra
e of S. The set of sending tra
es of S is denoted by sendTra
es(S).Let a1 ≤ . . . ≤ ar denote all indexes of non-null inputs in the previous se-quen
e, i.e. we have j ∈ {a1, . . . , ar} i� ij 6= null. Then, [(snda1
, ia1

, proca1
), . . . ,

(sndar
, iar

, procar
)] is a pro
essing tra
e of S. In addition, if there do not exist

snd′, i′, proc′, o′, adr′, c′ su
h that (ck+1, snd′, i′, proc′, o′, adr′, c′) is an evolutionof S then we also say that [(snda1
, ia1

, proca1
), . . . , (sndar

, iar
, procar

), stop]is a pro
essing tra
e of S. The set of all pro
essing tra
es of S is denoted bypro
essTra
es(S). ⊓⊔Next we introdu
e our formalism to represent 
horeographies. Contrarily tosystems of or
hestrations, this formalism fo
uses on representing the intera
tionof servi
es as a whole. Thus a single ma
hine, instead of the 
omposition ofseveral ma
hines, is 
onsidered.De�nition 6. A 
horeography ma
hine C is a tuple C = (S, M, ID, sin, T ) where
S denotes the set of states, M is the set of messages, ID is the set of servi
eidenti�ers, sin ∈ S is the initial state, and T is the set of transitions. A transition
t ∈ T is a tuple (s, m, snd, adr, s′) where s, s′ ∈ S are the initial and �nal states,respe
tively, m ∈ M is the message, and snd, adr ∈ ID are the sender andthe addressee of the message, respe
tively. A transition (s, m, snd, adr, s′) is alsodenoted by s

m/(snd→adr)
−−−−−−−−−−−−→ s′. A 
on�guration of C is any state s ∈ S. ⊓⊔The next de�nition presents the operational semanti
s of 
horeography ma-
hines. Contrarily to systems of servi
es, null inputs/outputs are not available,i.e, all 
ommuni
ations are e�e
tive. Evolutions are a
tivated simply by takingany transition from the 
urrent state.De�nition 7. Let C = (S, M, ID, sin, T ) be a 
horeography ma
hine and s ∈ Sbe a 
on�guration of C.An evolution of C from s is any transition (s, m, snd, adr, s′) ∈ T from state

s. The initial 
on�guration of C is sin. ⊓⊔As we did before for systems of servi
es, next we identify the sequen
es ofmessages that 
an be produ
ed by a 
horeography ma
hine.De�nition 8. Let c1 be the initial 
on�guration of a 
horeography ma
hine C.Let (c1, m1, snd1, adr1, c2), . . . , (ck, mk, sndk, adrk, ck+1) be k ≥ 0 
onse
u-tive evolutions of C. We say that σ = [(snd1, m1, adr1), . . . , (sndk, mk, adrk)]is a tra
e of C. In addition, if there do not exist m′, snd′, adr′, c′ su
h that
(ck+1, m

′, snd′, adr′, c′) is an evolution of C then we also say that [(snd1, m1, adr1),
. . . , (sndk, mk, adrk), stop] is a tra
e of C. The set of all tra
es of C is denotedby tra
es(C). ⊓⊔Now we are provided with all the required formal ma
hinery to de�ne our
onforman
e relations between systems of or
hestrations and 
horeographies.5



De�nition 9. Let S be a system of servi
es and C be a 
horography ma
hine.We say that S 
onforms to C with respe
t to sending a
tions, denoted by
S 
onfs C, if either ∅ ⊂ Complete(sendTra
es(S)) ⊆ Complete(tra
es(C)) orwe have ∅ = Complete(sendTra
es(S)) = Complete(tra
es(C)).We say that S fully 
onforms to C with respe
t to sending a
tions, denotedby S 
onff

s C, if Complete(sendTra
es(S)) = Complete(tra
es(C)).We say that S 
onforms to C with respe
t to pro
essing a
tions, denoted by
S 
onfp C, if ∅ ⊂ Complete(pro
essTra
es(S)) ⊆ Complete(tra
es(C)) or
∅ = Complete(pro
essTra
es(S)) = Complete(tra
es(C)).We say that S fully 
onforms to C with respe
t to sending a
tions, denotedby S 
onff

p C, if Complete(pro
essTra
es(S)) = Complete(tra
es(C)).We say that S 
onforms to C, denoted by S 
onf C, if S 
onfs C and
S 
onfp C.We say that S fully 
onforms to C (S 
onff C) if S 
onff

s C and S 
onff
p C.

⊓⊔3 Con
lusions and future workIn this paper we have presented a formal framework for de�ning models of or-
hestrations and 
horeographies.We have de�ned some formal semanti
 relationsallowing to dete
t whether the behavior des
ribed by the or
hestration of ea
hinvolved web servi
e 
orre
tly leads to the behavior des
ribed by a 
horeogra-phy. The suitability of a servi
e for a given 
horeography may depend on thea
tivities of the rest of servi
es it will be 
onne
ted with, whi
h 
ontrasts withprevious works [2℄. In order to take into a

ount the e�e
t of asyn
hrony, we haveseparately 
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