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Today collaboration services technologies for interoperability;  dynamic  discovery  and
collaboration of complex service have become popular. This may be used in different mechamsm such
as P2P. Grid-10-Grid, network-to-network and Internet. Complex services ensure the ability exchange
of different applications running on heterogencous platforms over the Internet. Nowadays these types
of services are gaining attention in the world. Industry standards for Web Service composition, such as
aBPEL technology, provide the notation and addittonal control mechanisims for the execution of
business processes in Web service collaborations. The function of aBPEL technology consists of
locations, containing dynamic documents and a-calculus processes which communicate with cach
other. Here, we have used process equivalence to analyze various communication patterns used in
different query svstems by servers, and suggest a novel model connecting mobility. The aBPLEL, which
is a simple and conventional addition of the a-calculus, we ntroduce 1t as a theoretical and
foundational model for colluborative services management. We proposed aBPEL model and
implemented in formalization of location and relocation with cloning framework for multiple web
collaborative services. It validates a range of access types 10 resources with mixture of relocation,
similar execution, and aBPEL declaration. Our model simplifies some semantical and pragmatical
aspects, in particular regarding temporization, gaining a better understanding of the basic issues,

Keywords: aBPLEL, i-calculus, Services-oriented, Collaboration Services.

1. Introduction and related work

The rise of web service has spurred
automation of cooperation among organizations.
Organizations process interoperability 18 an
important topic for business currently. Looscly
coupled organizations services are  gaining
importance in many business domains. The
distinct characteristics of inter-organizational
process, such as heterogeneity and autonomy of
the participating applications have lead to the
development of several new agent-based
technologies  supporting  inter-organizational
cooperation. The organizations shall contribute
with their core competence and thereby generate a
“best-of-breed” construct in respect of required
expertise. The propagated benefits are higher
flexibility and quicker provision of customized
services. Besides, bespoke customer solutions,
dissolution  of conventional  organizational
structures by concentrating on core competences,
and the rapid development of technologies 1o
collaborate and communicate between remote
locations are further trends that render, this

concept conceivable and promising. It also speaks

of diffcrent languages for exemplifying a process
that collaboration open  communications  and
composes a new one. The aim ol collaboration
communication 1s 1o case and to automate
business Process collaborations ACTOSS
organizations boundaries. In  paper (Memon
2005), we presented encoding and translation for
organization-to-organization communication for
share services which is based upon the rnt-calculus.
Now this paper 1s extensive the work which based
upon BPEL. It defines information of control and
data flow among jobs, such as invocation 1o a
communication mechanism,

The main reason here for using the
n-calculus  for formalization is collaboration
services composition language, like XLANG,
BPEL and WS-CDL claim to be based on it, and
they should therefore allow rigorous mathematical
trcatment. However, no interesting relation with
process algebras has really been proved for any of
neither them, nor an effective tool for analysis and
reasoning, either theoretical or software based, has
been released. Therefore, we see a gap that needs
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o be filled and we want to address the problem ol
composing services starting  directly  trom  the
n-calculus, In this paper, we mainly refer 1o
BPEL, the most likely candidate to become a
standard  among  workflow-based  composition
languages, Other languages have been introduced,
among them WS-CDL (Kavantzas, 98) which
claims to be in some relation with the fusion
calculus (Parrow, 98). Rescarchers discuss formal
semantics  of  compensable  activities  in  this
context. The calculus in (Butler, 2004) is inspired
by BPBeans (Chessel, 2001) the at-calculus
(Bocehi, 2003) focuses on BizTalk: (Bruni, 2003)
deals with short-lived transactions in BizTalk;
(Bruni, 20035) also presents the formal semantics
for a hierarchy of transactional calculi  with
increasing expressiveness. This paper focuses on
tormal definition which framework based on
Mobile Ambients (Bugliesi, 2004, Cardelli, 2000)
which is similar to z-calculus (Parrow, 2001). We
studied the interoperability of Client/Server and
explored the approach to supporting high
interoperability of Client/Server interactions. We
proposed mBPEL model and implemented in
formalization of migration and cloning framework
for composite web collaboration services (Yin,
2000). A aBPEL 1s a protocol that has the ability
to nomadic from one position to different
positions (Memon 2005, Ishikawa, 2004). It
validates a range of access types 10 resources with

combination of relocation, similar execution, and

e Oisinaction; it is a process that can do nothing.

e | denotes parallel composition,

e in the composition PIQ, the two components

can proceed independently and interact via
shared names or processes.

o (vh)P 1s called the restnction and means that the
scope of name b is restricted to P.

e !Preplicated input on channel

The following grammars define the languages of processes in between P2P, Grid-10-Grid, network-to-network and

Internet.
Channels:

Host Ch == 1() @host

Net Ch := 1() @host!| @Net
Names:

Meta-Variable Levels  host, net,........ € Level
Net, places and agents
&

Net=Customer | Client | Server, | Server(Required_server)

1)

aBPEL announcement, This paper aims to make
process calculus that 1s well suited express the
conventions, uniform organizational resources and
other shared idiosyncrasies  that  hold  large
organizational communication and collaborations
mecthods together.

o w-calculus

The at-calculus (Yin, 2005) 1s built around
two classes of identifiers, which are Channels and
Levels. Channel names (Milner, 97) are drawn
from infinitc supply. A specilication language
must be powerful enough to express the mapping
of a simulation model o any protocol on any
target agent architecture. The aa-calculus expresses
the move of data but also of code. This offers a
solid base to make use of the Agent genceration,
The aBPLEL paradigm 1s a construct where
mobility 1s achieved by allowing agents to be
passed as values in a communication. This model
of concurrent computation based upon the notion
of naming. The most primitive entity in - 7 -
calculus 1s a name which refers to a link or a
channel. Semantics is done 1n terms of a reduction
system and a version of labeled transitions called
commitment. In the sBPEL not only names, but
also agents of arbitrarily high-order, can be
transmitted. The syntax of the aBPEL is an

extension of the syntax of the n-calculus. Let be a,
b, ......and x, vy,....... a set of names and
P, Q,...... a sct of processes.
* ¢ null
® (x).P New input action
* qlP] ambient
* nM Enter into M
sof
e M= Masseges  Loc
o out M Exit of M
¢ My Lox
*  open M open M

L ] M'J:
* (M)

Capability actions

asynchronous output action
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The Net consists ol three places. Client is o
place where customer tor enguiring information of
particular goods will resides. Server, s dilferent
organizations where vt hold an agent that gives @
visiting  agent an advice  for shops  selling  «
particular goods and Server is required shop where
product available.

J. Formal Model of aBPEL Process within

BPEL
J.1 WS-BPEL
BPEL is, in practice, a layer on top of WSDL. The
mformation  contained in WSDL  documents

<process name = “The Procesy™>

/11

defines  message  types and port types whieh
represent the operations supported by the service
and the imteraction modahities, This iformation s
then used by BPEL for specitying the tlow ol
actions  to perform, A BPEL document s an
AME-based document that can be executed by an
orchestratton  engine  which s the  central
coordinator. The engine  will read the BPLEL
document  and  will  mvoke  the  necessary
collaboration services in the specitied order. The
process itsell will be offered as a collaboration

service and can be invoked in the same way.,

c<parmerLinks> for listing the external web service invoked from within the workflow
c<variable>, <assign>, <copy> and XPath queries for data storage and manipulation
. <corelarionSets> for specilying binding for a set ol operations (o i service instance

c<imvoke> and <invoke> ...

< receive> for consuming synchronous and asynchronous web services

. Lscope> and <faultHandlers> tor exccution management
. <flow> and <sequence> tor parallel execution paths

. <switch> tor conditional branching
CIprocesy>

To make more intelligible the syntax,
clements  will be expressed by using  BNFE
formalisms instead of XML-Schema (in the same
style of the BPEL specification).

3.2 The nBPEL Technology Framework
This section outlines the main features of
the aBPEL, a distributed model of computing for
large-scale open networks. We briefly introduce
aBPEL, discuss the objectives of the work and
present the abstractions of the framework, which
we exploit for reporting data travelers’ attitudes.
In Section 2 shows the syntax and basic
communication of aBPEL. Common reductions
and notions of concurrent process algebrian.
Name and boundary are used carlier work
(Memon, 2005).

aBPEL can be generally described as
resource access control with hierarchical locations
mobility. Our aim is not to provide distributed
high level-programming model but only we
explore  hiding  localities n distributed
programming and aBPEL e¢nables representation
of synchronization/asynchronization programming

constructs. Another view of aBPEL 1s as
advanced  distributed  services,  which 18

implementing in higher-level languages. aBPEL
is thus expressive enough to define the attitudes of
agent as processes PQ. It can be expressed as
ambient host and ambient agent like

(hostfagent[ P1Q1 ... ]...] ). In the light of nBPLEL

task  takes  place for  the  lowest  common

denominator among VIrTous database

orgamzations applications, Specially complicated

services that require higher degrees of lueidity can

be built-on. Morcover it is assumed that goings-on
mternal  communication remote messaging  with
other  external  communication,  In  other
lerminology may any interactions occur outside
but not inside of hosts. This logically implies that
observable action of each host or agent do not
change even manifold hosts or agents actions are
distributed. Such collaborative services are necded
distributed  Memory  management,  location
independently, secure messaging and channels
with guaranteed quality of service. So aBPLEL can
provide a model of mobility, which subsumes
message passing, remote evaluation as well s

process  migration, along with models  user
mobility.
3.2.1 The nBPEL Interaction

We first characterize interaction actions
for remote that provides a service as aclivity
handles
information the form of identifiers by BPEL.
nBPEL using the terminology of records [Luca

process.  Name-value  procedure

Cardelh,

1998] directly in Name-values. AS
18 received record that has
consists of pairs of variables labels 1, wirth value
Vis gerr i(xyp Obtain a data of the variable / in the

recr(l, = v,..0, =v,)
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\Nrooe o atnld it with TRUINITHIER an
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1)

Laete LCO P vrecr G, =vdos Gl v )01 T he

values of Nume viduaes in the BPEL process are
Ligons W Ly which contains speclal entries In
order to gel the Names, we communicate  ay
hellow,

gebiontapent Ao VP vt Mo agenttagent ) yete Mem h;ul‘l‘hul!_ ) I'

Ay in lironous send and My hronous eceive are n'.'plt:wlllillg remaote mus.-.nging. LExternal

convieey activaties are swap ol action messages i the simtlar process.

IRemaote Input

-~

¢ mp -u‘ \l 1 _l!lf.w_ﬂ‘ I.” (I)'

*d

wndtM o0 amp M o0 )

Remote Outpul

il

cmp,, M G = pht e M GO M X&)

Ief

recviM o) P =(vx)emp,, (M xn)Nopenn)l(x) P

I owed 1) jenmenn bown e DO wompemnenty "open phunput/owtpal to male VY acttons embedded in lllllnpulhmllml wirth

agend Lrendtoat aigent an chon) Pllrectout agent, inch, ) Q)1

W topen phi .

J ovragent [P agent [QLee n) [ Lehlopen paa, _,, ]

o our workan agent actvity iy contamed a remote 10 action mna host. As seen in the following

Activity Remote Inpuat

wt "
vend tehovr _getloctugent  host )

pend ol une nl ol i‘lllll* inch )

V22 NService locator Tor each aBPEL process

We  reveal  a locator

large scale
communication for cach alPLEL process, that
have record locaton (loc) which retums a path o
he medsator that has the most recent address of
“ame We explore that cach mediator has its own
werviee space Memory as we prove carlier that

Scrvice Access

-

Activity Remote Output

~Ne

feah ."l h, t}_—_xrlfm tagent, .huli“ ).

roc Yot dagenl aoul hull' inch,a)

represent real service swap in between client-
server. Virtually only required service should be
sent to one mediator o ditferent mediator by
analyzing  service  dependencies  in hinking
different  activities, In  the following figure

mediator performs serv for locating service.

o MM e pdt M vete Lo M) M e Moas oanung Loc M s Update Loe and M 7' s revene Lo

L —

-

pr M L M) hnﬂrmp__lﬁ!.f.-"f'.nlluprnn sete Mem 10w F)

LR

g M cey i (M ogeteloc M) g, M getr Mem Loy nf(AM )" MV {0))

' ™
-d

gatein M uF__hnhm;lpiﬁl.l,I mlopennia ')

A Apeniy andd o aton services muost control ’npru 1111,.,._...,,.,.“, and .'Uprn p.lh;,...;

I ot work sl above sand actions are communicate by the following methods.

We e woconbudly action in nBBPEL as a process mterface wath /0 remaote processes and remote variable acceess.,
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Remote Input

- E— — -

Remote Output

Jdal

cmp, (M O=pat_ M ()]

daf
cmp, (M n)—pi lvitewn LM )| M "))

dot def

send (M, O P =mp, (M, O)LP recv(M L Ol =(v)emp,, (M, on) i open n) L (x) 0

P and Q prvcess Laundhed VO components,'open prunpot/output 1o make VO actions embedded in phhinput/output work.

o agent | send(out agent an chon).P) L recv(out agent, in ch, 1))

chlopen phi__, 1> *agent [Pl lagent |Qlx «= n} ) chllopen phi__, ]

In our work, an agent activity is contained a remote 1/0 action in a host. As seen in the following
Activity Remote Input Activity Remote Output

e Aof
send " (ch, ) =xetloc(agent_ host,). recv'(ch, X)=getloc(agent  host ),

send (0wt agent_owt host, in ch, x) recviout agent out host, in ch, x)

(R

We are to embody an activity in aBPEL as a process interaction with remote 1/0 processes and remote vaniable

ACCCSS,
4. nBPEL Mapping Activity to Process

BPLL

l - WSDL, UDDI I
Coordination l
[ Rehiable Messaging |

SOAP Messages E

Cryptographic |
Sccurity Service P

Bellow we explore the aBPEL interaction activity process and expressions consequent to those in BPEL.

4.1 BPEL Process and tBPEL

First we judge the expression of a BPEL process. A host is activated in BPEL with the help of

aBPEL expressions. We show bellow.,

(< process > activities < | process >)u= (v agent (1.0, .chy....ch,)sv)
agent||acrvities|| rec Mem(l, =¢....... 0, =¢l_ = agentl, = host)lopen pkt,,

| cKout agentout host.\open phs, ., ) ...l chout agentout hostlopen phi,_,, )1 svrec loc(l) =40, [, =€)]]

The Every new agent contains  own
Memory as well as processes communication
channel (channels ch,,...,ch, ) for action. Service
locator sv to be activated the host Name. With
existing processes P, aS (s Plagen]...))  Ar¢
contained 1n the host mutually. Activauon and
completion of control messages cxpressed as
exchange control by structured activities (SA) 1n
BPEL process. In section 4.2, shows the

communicating of progressive movement from
- De SA.

~ if P"—=—= P and P& SA then P € SA.

first to last channel ¢; for action activity;. In BPEL
structured activities (switch, while, and pick) are
expressions of branch and iteration [16 Luca
Cardelli, 98]. All nested flow activitics are
activates simultancously.

Theorem 3.1 Every aBPEL events can be uttered
as a process P, tBPEL events are related to SA.
Bellow said nBPEL events processes to be

satusfied.

~ if P& SAthen ruct.P€ SA  where ract & |send(ch,x), reev’(ch, x), senv’(sv,[,x), gen'(sv, 1, x)).

- if P,Q% SA then P1Q & SA.,
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An aBPEL  cevents  exccuted  block s
expressed aspe saand  also as comparable
composition behavior belongs 1o SA.

Mobiliey: NMobility allows a code to move on other
eaecution platform 1n |‘Il'u:lcli\*c mode: a copy ol
the code and its current state 18 moved to the
destination plattorm for beng  started  from a
specific point  (weak  mobility).  Unlike  the
clonation, the code that performs  the move
primitive comes destroyed if the execution of the

o~

I+

movement primitive succeeded. Communication
directly results from the clonation prinitive, After
a clone operation will be created an exclusive
communication  channel  between  cloning  and
cloned codes. Only way to have processes imigrate
in the aBPEL is by locality migration. Migrated
channel 2 is executed as block associate, where P
communicates 1o the block. The migrated action
we communicate as bellow.

migrate ch P =(h)reev (Choth).getloctagent host, Yyout host in thaete Mem 1 thopen b0 P))

In predefined channel, first of all arrived Name of th (objective host) then roaming from the

existing host to th, action will be updated in host Memory, and lastly starts execution of behavior in the

block are invoked the platform We have the tollowing reduction.

h.nr'lu;ﬁ:l[r'ugmrr ch ' Qlrec Mem (I = hoot,, | = VR Ao |r,|.\'] Leh|lopen f'“..,..;..,... [ aead (in o h.i'nr.ﬂ,}

- -

-t Fnlli"llnllhri”: Lagent| PPLQ L eee Mem (L = host 0 o ) ehflopen j‘“"",,_,". |

Clonation: A clone 1s a set of funcuons
containing all  projections  and  closed under
composition. Clonation allows duplicating the
code and the state of a running code. After a

det

clonation there will be two wdentihable codes in
exccution. The smallest clone containing a sct of
functions P is denoted by [P]. The clonation
action is formulizing as bellow.,

o.’ﬂ_ﬂf.f':(ru_\*ru!j(n'cr'( ch,c ).':.:rrhn*(uin;rnr: Jost, ), agentfout agent, W

-——

Lrec Memd(l,,,,, = agent |, = host | =cllopen pkey, | |

Above said actions are predefined channel that is fired by the invoked pliatform, and maices a new-
fashioned agent containing P outside of the inventive agent. We have the bellow reduction.

hn_lrl [u_a.;rnrllrhlm'.f'l (lrec Mem {.'"m =agent f.... = h:ul’,f- =) chllopen ,'!llﬂ__,,,__ﬂ )l send(in ch,e)

~+ (vagent) (hostlagent [Q |l rec Mem (L, = agent 1, __ = h.nr_'l- s V) lagent| 'L rec Mem (l'__m s agent, I, = husl,r “it)

Nopen pkt,, ) chllopen pkt, _,,.....]

Communication: Communication  (through
exchange of messages) 1s possible only between
cloning and cloned. Messages are sent-received in
asvnchronous-synchronous fashion. The virtual
machine relies on a calculus which describes the
semantics of the minimal set of operation isolated
to characterize a platform supporting mobile code
[Jianwei Yin, 2005). The calculus for modeling
aBPEL technology is summarized here below.

ol

4.2 Barbed Equivalence
In section 3.2.1 and 3.2.2, we classify barbs that

hold imtiate mechanism ol remote /0 events.
Though general barbs Theorem 3.1, catch the
primitive actions which is based on observable
behaviors of processes[M. Vigliot, 2002). As we
usc the barbed bisimulation notion.

Iz ll'ﬂlf.'l:l'h. )="ra (vem,....m_ j{l‘mflﬂd (in l'h.-l}l p‘j

-

P Lsetv' v, LX) =3V nuahtha PP o(omg..m X UM (G RTT A Y ml i)

e

Foreev'(choa) =3, suchthat Pa(vengom Yemp, (inch,x,n)l P')

+f

Pl ,t;rn"(.u'. l,x) = Znsuchthat P=(oy...m, )(t?l'ir?,,,. (insv . x,n)l }” )
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These barbs exited the agent, host and to  if PRQ then

po through channel or sv. The Name (n) s for if UM then P UM

synchronization process for launchig mechanism,

and a7 18 the return process path, In barbs n and

' ure agnored. So the following  equivalence

doesn’t concern with host and agent components. 4.3 Barbs Equivalence aBPEL primary lemmas
PU Mg e oQamd Q b M In this section, our work is focused on internal and

external acuons (host and agent), which behave the

location acuvitics,

if 1" 1” then for some Q'Q » 'Q' caned "'RQ'

If there exists bisimulation R s satsfying  rro, en £ - 0

Barbed Bisimulation satisfies the following
Condittonal relation R with bisimulation

location J' )

—— i W - By = = — e

host fagent | 1" rec Mem (D < V)] = host Jagent | P Lrec Mem (1 5 v)]]

The bisimulation ol two processes are Same  way, two inner cquivalent composition
added 1o inner processes. Different activities can processes indicates barbs equivalence of parallel
be held o obtain similar actions recognizable composition. It is fact that without channels or
lrom outside, condittonally the particular entries locator services remote events cannot finish their
are correctly set and the mechanism take the events outside of hosts or directly process never
related actions after the receiving cach exisung ACCCSSES 1N 11S environments,

agent or host.

host lagent | Veee Mem = axent 1, = hnu.j =V = host lagent | PV rec Mem U =agemt I, = fuurl,l- = v )|

(,I‘H"F”-‘”""" host lugent [Q, L ree Mem U, = agent I = h”"l*r

E
i
i — . e— S
—

)11 = hostlaxent, QL rec Mem (1. = agent, Iy, = hosty.T =)

I.m.-.r‘lu,;rnrtlf: VO Lrec Mem H_"_ =agent, I __ = hmrl.f = V)|« host Jagent, | P 1Q, Lree Memtl__ = agemt 1 = hml:‘-;' =)}

where P Q1°.0°¢ SA and  ract < (send (ch, x), recv'(ch, ) sen' Gy L x), gen' (v, x)
5. aBPLEL Technology Approach
We now present a formal description of participants (Net, Customer, Client and Server) and how
they can be composed in e-Business scenano.

Net() = (a)ap)e)(p)le)(p:) (ea)ps) (Customerta,., a,)
|Client(a,ap.crppcapa cups) | Server, ((¢.pi)

The process Ner( ) composes the various list, while the second one to emit a purchase
participants to the scenano; first of all, 1t creates orders. The other global channels are the set of
some global channels, used by the processes to pair ¢; and p; which are respectively the query and
interact together: the channels a, and a, are the the purchase interface of the i Server. Those
Client mterfaces exposed to the Cusromers. So, names are passed as arguments 10 the Client
they are passed as arguments both to the Customer (A @uCpprpeapacaps) and Server(ci, pi) processes.
(a.a,) and to the Client (ana,.cp.prcapacips) We also assume the Ner as a closed system, in the
processes. The first one 1s used to require a price sense that (m( ) Ner()) = 0.

5.2 Customer
Customer(a_,a_):=(q, Nq, )q, Na, Na, Na, Na dq,.q,.qan Va1 ).a,dq,.q;.q,.a,.6, Va,().5()a,().F1))

The Customer process first browses a price  consultation interface. This message carries the
list. When it receives an answer, it emits a  items description and the reply channel. This first
purchase request, and waits for the outcome. Todo  phase ends with  the receipt of the reply
this it creates these names:  §,.q, and g, Which — message, i i), Which carriecs three names,
contain the two item preferences, the channel «, i.i.ana i,» cncoding the features of the rcqucslcd
which is the restricted reply channel used by the  jiems. When the Customer process receives one of
Client 1o inform the Customer about the price list  (his message, the purchase transaction has
consultation, and the two channels a, (success) and  completed and it goes on with the appropriate task
ay (failure), which signal respectively the outcome  jdentified by S( ) or F( ). Moreover, it is guaranteed
of the purchase transaction. Then the Customer  that either all the items have been bought, or the
process sends the Message i (j,.d,.d,.4,) 10 the Client appropriate compensations have been enitted.
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5.3 Client

/10

( ?“J”I {'l. “lf'.‘l* ‘”i.l:':‘ J"'I“_ Il‘.‘} ot ll. [‘EI"}:"'}“II )- {Hf”":f.{llr.i',. l”.l'r?* II: ."’l f”lf}’.‘;, "}]l”'}

| Client(a, ¢y Py .y Py €y 1))

- H’":Ll", _.-'.,u”r:, f';.l‘,_ '-:”:},,r}‘.,i}j,ll' ) :m (Jurr \'[;"..-:_g',.r}‘,t}‘..n}_,_n,j

L PURCHASEG, oy ?))

{hll'f_\‘ll',.l'_--l',-‘};-f}:-'};-”.3::* '(l’| Hf: }{i_, r:l},,fl) I i::. {l}}.r:)l;:1<f}l.f,> I'“t{l'if.;; -l'".!“}."il‘} r.{f;'..l;']ll' 'Tf-..fl.l;l}

f'uh"ul‘ﬂll, 'y I "-"'

= - . 1 L - - ! : - - .
SR U A Y RNTRRTS ).(r] }{r; r{r_' j{r; ]ll_‘]lfrj I, wl.r_',r;} | ;r:{u_..r_ 7 ), (q.,rl',r;;

WAL (e ap 0] 0] n) n) a, a,)

\ \

The Client process exposes i service that can be used by a Customer 1o query some distributed price lists, and

subsequently to purchase the items,

When it receives a request o (..., a0, ). 1 executes a managing process — (7 BPEL

(61, €y Pyeas Pyetye Pyuydisaiiye, ). MC (R BPEL @, o pacs. Pyt Py Gy .a,0) PTOCESS EXCCULES TWO sub-

PIOCESSES Query(ey €y gy e o 4y, ) i Purchase(a, . po. o,y

The first of these subtasks,
Query(e,. e, @, s i,.a,). receives the consulting
channels ¢ and ¢, the Customer preferences
¢y, and ¢, and the reply channel a,. It emits
parallel the various price list consultations with
the  messages &40 @G and ©(¢,.r,)  that
contaun the Customer preferences and the private
channels rpand ryon which it will waat for a reply.,
Those replies contain the outcomes of the queries
executed on the Server’s databases — encoded
with names ;i .gi. When the Client receives
them, 1t forwards them w0 the  Customer
apphication with the message 5 ¢ .7y, and 1t waits

tor a purchase order on the channel ;G G 0 o)

The process Purchase(a,,. ;J;.'p;J 18 called
with the channel a,, on which 1t will wait for the
Customer’s order, and the Servers’ channels p,
and  ps. At this point, 1t creates a pair of
success/failure reply channels ry and ry for cach
Server,  and  emuts  the  purchase  requests
Pt ) oGy ariory and py(Gyr) ). When the requests
have been enntted, the process Purchase
(@p.  pn pa pi)  executes the  process

WAIT Gl orbari i on) on) vayua, ) s which  will manage the

purchase transactions’ outcomes.

Due to space hmitation, the following specified
activates process are omitted such as CP;, PP,
DBP..

5.4 Server
Server(c, p,) = (db)(db,)CP(c;. db.) | PP(p;, db,)
IDBP(db,, db,))

The generic i Server receives two names
as arguments, ¢; and p;. When the Server process
begins 1ts exccution, 1t creates a pair of channels,
which are used to interact with a database process.

The channel db,. 1s used 10 nvoke a price list
consultation service exposed by the database; the
channel db,1s used to emit a purchase order to the
same  database.  After the creation  of  these
channels, the Server creates three sub-processes,
CP(c. db.), PP(p, db,) and DBP(dD,, db,). The
first two processes manage the consultation and the
purchase orders emitted by the Customer, while the
third one represents a database process.

6. Conclusion

The aBPEL is a programming language
suited for modeling Internet apphceations. aBPEL
captures their inherent parallelisin, the repartition
of computational clements  amongst  multiple
locations, the mobility of resources and locations.
We discussed a reference implementation and
using BPEL based communication mnovated in
XML. The pattern-based design 1s the aim that a

similar  model can be implemented In  any
language  with  any  collaboration  services

framework. Our propose in our calculus work to
intend concrete contribution from the point of
viecw of the orchestration language specifications
i terms of unambiguous semantics and of the
feasible mmplementations of BPEL orchestration
cngines.  W¢ ntroduced =aBPEL, a simple
extension ol the a-calculus with long running
transactions.

Some considerations about the choice of a
n-calculus  based language are needed. One
peculiarity of such language is mobility: 1t is
possible o transmit channel names that then can
be used by any process receiving them. This
aspect 1s essential in the formalization of BPEL
and in particular plays an important role in the
formalization of interaction with request-response
services. Indeed, the invoker must send to the
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service o channel name to be used to return the
response, thus we have to exploit name mobility
This proposed model representation i a calculus
in - which test and  formal  prools could be
performed, or into a executable representations in
aBPEL  languages.  We  deem  that  given
tormalization will help us o explore the pracucal
aspects of our tramework. This work contributes a
simple,  concise  unul  now dommant  and
communicative formal language, with a concrete
semantics that allows formal interpretation. The
language shows a clear relaton with the =«
calculus, and the actual encoding of it with the n-
calculus is a feasible task, while 1t would be quite
harder to get such an encoding for BPEL and
other  collaboration  services  composition
languages.
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