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Abstract. Dynamic composition and reconfiguration of e-Services in co-
operative processes involving several organizations requires mechanisms
for ensuring that each cooperative process is guaranteed to evolve cor-
rectly against its specification. The cooperative process is specified and
deployed as a set of cooperating e-Services, each with specific interfaces
and evolution, and the concept of compatibility between e-Services is
defined, based on their external behavior. An algorithm for checking
compatibility is proposed and a tool provides support both at design-
time and at run-time. A run-time architecture supporting the execution
of e-Services in a multi-platform environment is discussed, based on a
repository storing all e-Service and process specifications.

1 Introduction

The more and more widespread use of Internet is pushing the evolution of cur-
rent e-Business systems into e-Services or Web-Services. As regards the features
of an e-Service, many definitions are proposed in the literature; in this work
we focus on e-Services as dynamically composable components provided by an
organization with the following characteristics [l

— open: independent, as much as possible, of specific platforms and computing
paradigms;

— developed not only for intra-organization applications, but also for inter-
organizations applications, to be assembled and reused in a distributed,
Internet-based cooperative environment;

— easily composable: assembling and integrating the e-Service in an inter-orga-
nization application does not require the development of complex adapters.

An e-Application is a distributed application which integrates in a coopera-
tive way the e-Services offered by different organizations. The dynamic integra-
tion of different e-Services into cooperative e-Applications requires the develop-
ment of a complex platform in which the compatibility of different e-Services is
defined. The definition and development of such a cooperative platform requires:
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— the definition of a common conceptual component model for e-Services, map-
pable on different technological component models. A conceptual component
model allows the definition of interfaces for e-Services and to specify their
behavior without considering the specific technologies in which e-Services
are deployed;

— the definition and development of a repository in which both the conceptual
specifications of different e-Services and running instance data can be stored.
The repository should be accessible to all cooperating organizations;

— the definition of compatibility rules and the development of algorithms for the
verification of relationships among e-Services and to evaluate their dynamic
and adaptive substitution in complex e-Applications;

— the development of a suite of tools for cooperative architects and designers, to
be used for the management of the different e-Services and their assembling;

— the definition and deployment of a run-time architecture for e-Applications.

On the technological side, the availability of different cooperative platforms
and technologies (e.g., OMG CORBA, SUN Enterprise JavaBeans, Microsoft
Enterprise .NET, Web technologies such as SOAP, XMLP, servlets and server
side script pages, XML, and so on) enables the effective development of such
a platform, and its deployment on open architectures. On the modeling side,
the OMG Unified Modeling Language (UML) as a de facto standard for soft-
ware specifications pushes towards its use for the definition of an open common
conceptual component model.

The aim of this work is to present an ongoing work towards the development
of a platform for dynamically composable e-Applications in a multi-platform
environment, based on a common conceptual component model for e-Services.
The goal of this paper is to define the concept of compatibility for e-Services
and to propose an algorithm for checking if an e-Service can be substituted with
another in an e-Application.

The remainder of this paper is as follows. In Section ll the conceptual com-
ponent model for e-Services is described; Section ll describes the proposed plat-
form for e-Services in a cooperative multi-platform environment. In Section ll
the notion of compatibility between e-Services is given and an algorithm for its
verification is presented. Section Ml presents related relevant research work and
Section M concludes the paper by remarking which other elements need to be
realized.

2 Conceptual Component Model for e-Services and
Cooperative Processes

A cooperative process, also referred to as macro process or multi-enterprise pro-
cess [?], [, is a complex business process involving different organizations.
Unlike traditional workflow processes where all the activities concern the same
enterprise or enterprises using a predefined platform, in a cooperative process
the activities involve different organizations, either because they form together
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a virtual enterprise, or since they exchange services and information in a coor-
dinated way. Each organization may have its internal processes supported by
different technologies.

A cooperative process can be abstracted and modeled as a set of e-Services
exported by each organization involved. This allows hiding the details of process
execution in each of the cooperating organizations: internals of each organization
processes are not exposed to public domain, platform-dependent characteristics
are hidden. As a result, the cooperative process description is more understand-
able by designers, since it hides details which are not necessary for cooperation.
The e-Services define both the structure of data exchanged among the cooper-
ating organizations, and the behavioral aspects that specify which interactions
are allowed among them and possible sequences of interactions.

A cooperative process specification is a set W = {Cy,...,Cp} where C; is an
e-Service specification.

The global cooperative process control and evolution is guaranteed both by
the correct evolution of each of the e-Services, including exception handling, and
by the e-Application coordinating them.

The definition of a cooperative process as set of e-Services constitutes a
reference schema for the cooperation among organizations, that is the e-Services
defined during this specification step are binding for the different organizations.
An e-Service represents a “contract” on which an organization involved in the
cooperative process agrees; if later the same organization, or also a different one,
proposes a new e-Service in place of the agreed one, the compatibility of the new
e-Service needs to be verified. Compatibility means that the behavior of the new
e-Service can be restricted to the behavior specified in the old one; the details
will be discussed in the following of this paper.

All e-Services are compliant to a conceptual component model; each e-Service
is described through a conceptual specification consisting of a UML Class Dia-
gram for the structural part and of UML Statechart Diagrams for the behavioral
aspects [Il.

In the class diagram, each class is stereotyped with <<flat>>, <<active>>
and <<event>>, to represent respectively structured data, characterized by prop-
erties/attributes only, the main functionalities provided by the e-Service, and the
events raised /reacted to by active classes. The services an e-Service exports are
described as events, including both the ones the e-Service reacts to and the
events it produces; events are not only simple primitive signals, but they carry
parameters (i.e., structured data); parameters can be optional and the types of
parameters are either basic types or are specified through flat classes. Data pro-
vided as input to the e-Service and the ones it provides as output are therefore
represented as flat classes. Active classes are the abstraction of the business logic
of the e-Service; at least one active class needs to be defined in an e-Service, but
an e-Service can also include the definition of several active classes.

For each active class, a statechart diagram is specified, which describes how
objects are constrained to evolve during the flow of the cooperative process the
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e-Service participates in, that is the correct sequences of events processed by
the e-Service. Statechart diagrams are a graphical representation of active class
state machines, which are used for specifying the order (i.e., sequence) in which
services (i.e., events) can be invoked. Different active class state machines of the
same e-Service are concurrent and independent.

An e-Service is a tuple C = (&,E, A, W) where @ is a set of flat classes, & is
a set of input and output events, A is a non-empty set of active classes (i.e.,
cardinality(A) > 1 ) and ¥ is a set of active class state machines. In an e-
Service there are as many state machines as active classes, i.e., cardinality (A)
= cardinality(¥).

An active class state machine is a tuple SM = (X, I',E, ¢, s5) where X is the
set of states, I' is the set of transitions, £ is the set of input and output events,
s € X is the initial state and sy € X' is the final state.

An event a(py,...,pn) consists of a name « and a set of parameters p; , i =
1...n; e is the empty event and it is a valid event. The type of a parameter is
either a basic type or a flat class. All or some of the parameters may be optional.

A guard condition o is a boolean formula consisting of terms, that is:

— true and false are terms;

— aterm s an expression < property > < operator > < value >;property
is an attribute of an event or of a flat class, operator can be =,<,>,< or
>, and value is defined in the domain of the type of property;

— if F and G are term, also (F), NOT (F),F AND G, F OR G are terms.

A transition s Q[U—V>ﬁ t consists of a source state s € X, a target state t € X, an

input event aw € £—{e}, a guard condition o and an output event 3 € £. o (which
may be omitted, meaning it consists of the only term true) is the condition under
which, upon the receiving of «, the transition takes effectively place; B may be
the empty event, in this case no output event is raised during the transition.

By using such a component model, only the external interfaces (input/output
data and offered services) of each e-Service are described, and the protocol (i.e.,
sequences of operations to be invoked) for interacting with it.

As an example, in Figure llthe specification of a generic “Buyer Payment” e-
Service is shown; it consists of a class diagram of 11 classes (1 active class, 7 event
classes and 3 flat classes), of which the active class PaymentManager is associated
to a statechart diagrams representing the corresponding state machine.

The conceptual component model is the abstraction of technological compo-
nent models; each e-Service is provided by organizations as a component. The
interface of such component can be generated from the e-Service specification,
and implementations for it need to be provided. Different running instances of
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Fig. 1. An e-Service Specification: The class diagram and the statechart diagram

of the active class PaymentManager (from [#H)).

the component (possibly several instances for each possible implementation) ex-

ist in a cooperative environment.

The use of different component models, one at the conceptual level (i.e., e
Service) and many at technological level (i.e., component as CORBA object, or
EJB, or servlet, etc.) is due to the coexistence of different cooperative technolo-
gies and to the opportunity, in a multi-organization environment, of integrating
all these components by adopting a conceptual, i.e., technology-independent,
component model for them, not focusing only on static interface issues (as cur-

rent component models do) but also on behavioral issues.




Compatibility of e-Services in a Cooperative Multi-platform Environment 49

In this paper the technological base for components will be no further ad-
dressed; a general discussion of the approach and of some issues that need to be
solved for its effective adoption is provided in [#Z]. Conversely the focus on this
paper will be on the e-Service level.

3 A Platform for Cooperative Processes

- e-Service
-Appli
© pp featons

based on
‘ HIH
'é f stored in
Run-time
Conceptual Specifications environment
(specifying e -Services)
Cooperating
implement organizations
Components
s {0
e Services)
[ Cooperatve gateway
Development YVY Repository of e-
A t AR ol Services
environmen Process specifications and
Tools for ) Reconfiguration component
Cooperative (Compatibility instances
Architects and Rules and
Designers Algorithms ) CORBA

[ 4

Fig. 2. A Platform for e-Service Composition and Reconfigurable Cooperative
Processes.

A platform for e-Service composition and cooperative processes is shown in
Figure Bl e-Services are deployed as components on different cooperative gate-
ways, which are the computing server platforms of the various cooperating or-
ganizations which host components [?].

An e-Application provides the coordination of different e-Services forming a
cooperative process, by realizing the “glue” interconnecting and orchestrating
the different components; such a “glue” needs to be based on the cooperative
process specification and therefore on the “contracts” implied by the different
e-Services. Currently we are investigating different solutions for the deployment
of such a “glue”.

A repository in which to store both e-Service specifications and component
instance information is central to the platform. A prototype has been developed
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for the repository, which allows managing specifications both through an appli-
cation programming interface (CORBA invocations) and through XML docu-

ments [I].

On top of the repository several tools for cooperative architects and designers
can be built, e.g., graphical user interfaces for specifying, storing and retriev-
ing both process and e-Service specifications and instance information. They
constitute the development environment for designing e-Applications.

Initially, e-Services are specified and deployed as components when different
organizations decide to automatize cooperative processes they are involved in
(e.g., a supply chain, a procurement process, etc.). Later it is possible to register
new e-Services in the repository and to specify if they are compatible with other
e-Services, with respect to the specified cooperative processes. As an example,
the reader should consider the case of cooperative processes for procurement,
in which a new competitor enters into the market and wants to be part of the
processes as a supplier; the same competitor might be interested in entering
with the same e-Service in several cooperative processes, adapting the e-Service
to the specific characteristics of each process and restricting its behavior for
compatibility with the various specifications of the processes.

Let C and D be two e-Services, and W a cooperative process in which C takes
part. D is compatible with C with respect to W (referred to as D >w C) if the
behavior of D can be restricted to the behavior of C with respect to W, according
to the definitions presented in Section |}

Restricted behavior in a cooperative process means that the new e-Service D
is able to react to the same incoming events of the e-Service C it is compatible
with, with the same behavior; possible new events raised by the new e-Service D
(and/or additional event parameters) will be not considered in the cooperative
process; in such a way, all the additional behavior presented by the new e-Service
is not used in the current cooperative process.

If the e-Service specification D is compatible with the e-Service specification
C, then a component instance D implementing ID can replace instances of C in
the e-Application (i.e., in the cooperative process).

This substitution is possible only under certain constraints, that is that the
e-Service instance C to be substituted, implementing C, is not running yet.
More precisely, an e-Service can be in one of several activation states (similar
to the ones proposed in ['7]) not_instantiated, ready, running, suspended,
finished, as shown in Figure Bl The substitution is possible if C is
not_instantiated or ready. When C enters into the ready state, it means that
all the corresponding active class state machines C.SM; , ¢ = 1...n, are in the
initial state, whereas the finished state means that all the the corresponding
active class state machines C.SM; are in the final states. In the other activation
states 37, i =1...n: C.SMj is in some intermediate state.
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Fig. 3. Activation States of an e-Service.

4 Compatibility of e-Services

As discussed in Section ll the goal of this paper is to define a notion of com-
patibility between e-Services, which preserves the behavior with respect to a
cooperative process specification. An algorithm for checking compatibility be-
tween e-Services is proposed.

An e-Service DD can restrict its behavior to the one specified by the e-Service
C if it reacts to compatible event sequences in the same way as C. In general, D
could react also to different events, but the cooperative process specification in
which C is involved guarantees such events will not be raised; therefore the coop-
erative process is correctly executed also with D; simply the additional services
offered by D are not exploited in this cooperative process.

The starting point for defining compatibility between e-Services is to pro-
vide the notion of compatibility among basic elements. Given two elements of
the form < name > : < type > (such as a parameter of an event, or an at-
tribute/property of a flat class) we assume it is possible to define they are
compatible through the interactive intervention of the human designer or by
using thesaurus techniques [l (as for example to decide that an attribute Name
: String in a flat class Person in D is similar to FirstName : String in the
flat class Person in C). In this paper we do not further address such problem,
but we assume to have the operator compatibility > among such basic elements.
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An input event o (ph, ..., 00,04, ..., 00) in D is compatible with an input event
/

a(pry...,pn) in C (@' > a)ifVi=1...n, p;>p; and Vj =1...m , o} is
defined as optional.

An output event 3 (p}, ..., Dhy O, .., 00) in D is compatible with an output event

B(p1,....pn) in C (B > ) ifVi=1...n, p, > p;; no conditions are required
on 03- , j =1...m. ¢ is compatible only with itself, whereas every output event
is compatible with ¢.

A guard condition o’ in D is compatible with a guard condition o in C (¢’ > o)
if the following are satisfied:

— the syntax structures of the two formulas are equal;

— Given two correspondent terms < property’ > < operator > < value >
in o' and < property > <operator > < value > in o, it holds
< property’ > > < property >; < operator > and < value > are the
same.

ala]/B

> lolfp t' in D is compatible with a transition s —> t in C

A transition s’
(s’ «le1fs t' > s elolip t)ifo/ > a and ' > B and o’ > 0. No conditions are
required on the source and target states.

By defining transition compatibility, we are able to compare the services
offered by an e-Service with respect to the ones offered by another; the com-
patibility of the offered services is only a static aspect (i.e., e-Service interfaces
are compatible) but there are not guarantees that the two e-Services behave
in the same way when triggered in a cooperative process. The following step is
to compare service request protocols “understandable” by the two e-Services;
in order to ensure that two compatible e-Services follow the same protocol in
participating in a cooperative process, we introduce the following definitions.

Let SM be the active class state machine of an e-Service C. A trace x = <
S0, ---58n+1 > 1S a finite sequence of states:

—-s5€X,i=1...n+1;
— 8¢ 1is the initial state and sp41 = sy is the final state;

—Vi=1...N,s; ool /B siv1 18 a transition € I

Let X' = < s50,...,85,,1 > be a trace in D.SM and x = < 50,...,8mny1 > a trace
in C.SM. X’ is compatible with x (X' > x) if the following are satisfied:

- m=n;

. 04; ; 5; il0i i
-Vi=1l...n, s loslf sg+1>siam{6 Sit1-

Traces represent possible computations (i.e., sequences of events) an e-Service
is involved in. We propose a notion of compatibility between e-Services that
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requires that all the possible traces the e-Service C can execute when involved
in a cooperative process W can be executed also by the e-Service D.

An active class state machine SM of an e-Service D is compatible with an active
class state machine SM of an e-Service C (D.SM > C.SM) if Vx in C.SM : 3y’ >
x in D.SM.

Let C an e-Service involved in a cooperative process W, and D an e-Service. D
is compatible with C with respect to W (D >w C) if V SM in C : 3SM’ > SM in
D.

Based on such notions, an algorithm to verify e-Service state machine com-
patibility is proposed. The algorithm checks if every possible trace in the e-
Service C.SM state machine has a compatible one in the e-Service D.SM’ state
machine. The algorithm uses two stacks, one for each state machine, in order
to “visit” and check all the states; at each cycle two states (one for each state
machine) are popped from the stacks and all the transitions starting from them
are compared with respect to compatibility, by taking into account special cases
such as loop transitions (source and target states are equals) and final transitions
(i.e., with the final state as target state). If there are compatible transitions, the
target states of such transitions are pushed into the respective stacks, otherwise
the algorithm returns with failure; the algorithm returns with success when all
the possible states have been checked, that is the two stacks are empty. The
pseudo code of the algorithm is presented in the following page.

INPUT PARAMETERS ( C.SM , D.SM' )
OUTPUT VALUE ( check : Boolean ) // check = TRUE iff D.SM' > C.SM

{

var stack_C' : STACK;
var stack_D : STACK;
var loop_C : Boolean;
var loop-D : Boolean;
var check : Boolean;
var ss : State;

var tt : State;

check := TRUE;
stack_C.push(C.SM.sg);
stack_D.push (D.SM.s());

WHILE ( (check == TRUE ) AND ( NOT stack_C.isEmpty() ) )
DO {

ss := stack_C.pop();

tt := stack_D.popQ;

FOREACH ss aﬂﬂ zx in C.SM

IF ( check == TRUE )
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THEN {
loop_C := FALSE;
loop_D := FALSE;
IF (zz <> C.SMLsy )
THEN IF ( 2z == ss)
THEN loop_C := TRUE;
ELSE stack_C.push(zz);

F ¢ noT 34 7YYy in D.SMY

compatible with ss elol/p xT )

THEN check := FALSE;
ELSE IF ( yy <> D.SM'.s¢ )

THEN {
IF ( yy == tt ) THEN loop_D := TRUE;
IF ( loop_C')

THEN check := loop_D;
ELSE stack_D.push (yy);

}
}
IF ( NOT stack_D.isEmpty() ) THEN check := FALSE;
return check;

The test of compatibility for two e-Services with respect to a cooperative
process in which the first one takes part is given by the following algorithm:

INPUT PARAMETERS (C, D)

OUTPUT VALUE ( check : Boolean ) // check = TRUE iff D >w C

{

var check : Boolean;

check := TRUE;
FOREACH SM € C
check := check AND ( 3 SM’ € D compatible with C.SM );

The test of compatibility between e-Services is currently implemented in a
prototype using recursion in the main program and some helper functions for
checking compatibility among events and guard conditions. The compatibility
between basic elements is defined by the cooperative designer. The e-Service
specifications are retrieved from the repository. This prototype is based on Java
and on CORBA for accessing the repository.
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5 Related Work

The problem of inter-organization processes has been studied in order to provide
a flexible technological infrastructure not adopting a strictly coordinated system
for inter-organization cooperation [H.

In the workflow community, much attention has been paid to adaptive and
extensible systems and to the separation of concern between interface and im-
plementation of a process and/or activity. The eFlow system [l is a process
management system that supports adaptive and dynamic service composition,
by separating the concepts of process schema, service node and service process
instance, all of them described through an XML-based description language. In
9], different activities of a multi-enterprise process are decoupled into activ-
ity interfaces and activity implementations, the former ones being modeled as
state machines that include application-specific operations and states, and have
input / output parameters.

Process Brokers |H], [l are an extension of the Message Broker technolo-
gies, in which the middle layer not only interconnects the different cooperating
applications, but also encapsulates the process logic for connecting them.

The cooperative platform proposed in this work is based on the separation
between e-Service specification and component implementation, thus extending
previous work to a cooperative multi-organization and multi-platform environ-
ment. A similar multi-platform approach has been recently adopted in Casati et
al. 2001, where the specific issue of composing basic e-Services is addressed, and
an e-Service definition language is presented.

UDDI is an initiative for defining an XML schema to publish and discover
services on the Web. The UDDI Business Registry stores different types of in-
formation about a service, that is business contact information (“white pages”),
business category information (“yellow pages”) and technical service informa-
tion (“green pages”) M. The component model described in this paper and
the repository described in [ are not restricted to static information about
e-Services, but also behavioral aspects are considered.

As regards the notion of compatibility between e-Services, several papers
[99], |, |9, ™9 have been devoted to define notions such as inheritance, substi-
tutability, polymorphism, etc. among components based on behavioral aspects
modeled as statechart diagrams and state machines. In this paper we use a
simplified version of statechart diagrams and state machines, as they represent
a conceptual model of the behavior of an e-Service and not the design of an
implementation object.

In M and M it is defined how it is possible to generate a new and more
specific workflow component which can substitute a previous and more general
one, based on a Petri Net representation of the workflow component. The notion
of compatibility proposed in this paper is aimed at checking if already defined
e-Services are compatible, therefore it is not a generative notion but it aims at
a-posteriori verification of compatibility and substitutability.
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6 Concluding Remarks and Future Work

In this paper a platform for cooperative processes and e-Service composition has
been proposed; the central element is the separation among e-Service specifica-
tions, described according to a component model based on a particular tailor-
ing of UML, and components, based on technological component models, which
deploy such e-Services. A notion of compatibility among e-Services and an algo-
rithm for checking it have been described.

A repository for publishing, storing and managing cooperative process
schemas, e-Service specifications and instance information has been developed
as first element of such a platform. Based on the algorithm proposed in this
paper, tools for reconfiguration, both at development- and run-time, are being
developed.

Some issues need to be solved, such as precise techniques for generating
components targeted to a given technological component model starting from e-
Service conceptual specifications, and for checking if a given component is com-
pliant with an e-Service specification. The coordination of different e-Services
composing a cooperative process need to be investigated, in order to address
problems such as deadlocks, dependability, etc., and the design of such a coor-
dination “glue” need to be provided, being the ultimate goal the definition of a
complete platform for cooperation among organizations based on e-Services in a
multi-platform environment.
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