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Abstract. This paper proposes the @ncept of business events as the
cornerstone to web service description and coordination. First, a web service
architedure is introduced as the result of an event based analysis & design
phase. Then, it is advocaed how the event concept can be used for
semanticdly rich web service description. A distinction is made between two
web service interfaces: a nontransadiona query interface and a transadional
event notification interface. Furthermore, a web service composition model is
proposed, based on event broadcasting and event preconditions, instead of
traditional one-to-one method invocations. The composition model is presented
in a static variant and in a version with dynamic subscription. Throughout the
paper, it is shown how the event based approach fits entirely within the aurrent
standard SOAP/WSDL/UDDI web services gad.

1 Introduction

The web services concept can be considered as a revolutionary paradigm for loosely
couded applicaion integration within and across enterprise boundaries. It promises
to bring aou a revolution in the way business partners can integrate their
information systems, alowing for innovative organizational forms that were
unthinkable before [1]. A web service can be looked upm as a public, remote
interface to certain functionality, where the adual implementation is hidden from the
applicaions that use it. In this asped it is very similar to dstributed oljed
techndogies sich as RMI, CORBA and DCOM, which are, however, restricted to the
intranet. In contrast, web services use alightweight XML messaging protocol, SOAP
[2], which is applicable acoss the aitire Internet, withou being hampered by
companies’ firewalls.

Still, despite its obvious great promises, the web service paradigm hasn't fully
lived upto its expedations (yet), at least not at the inter-enterprise level. Indeed, web
services are well established for intra-enterprise gplication integration (EAI) and
even static businessto-businessinteradion (B2Bi), i.e. in an extended enterprise with
fixed, long-standing businesspartners. However, they fail to provide more than very
basic services at the level of dynamic B2Bi, where services dynamicdly find e
ancther and enter ad-hoc partnerships to perform complex business transadions.
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Current implementations of dynamic B2Bi are largely limited to rather simple
reguest/resporse services aich as currency converters, stock information services, i.e.
nontransadiona systems. In this resped, web service techndogy didn't succeal in
fulfilling two of its primary promises: fully automated discovery and invocation of
(remote) services and fully automated composition of “atomic” services into ad-hoc
complex, transadional systems.

This paper advocates how failure to achieve those two goals can, at least partialy,
be imputed to the one-to-one interadion paradigm that inherently underlies
“traditional” SOAP messaging. As an dternative, an approach to web service
interadionis proposed, based onthe simultaneous participationin (and processng d)
shared business events. Event natifications are not propagated ore-to-one but are
broadcast in paralel to all services that have a interest in an event of the
corresponding type. Yet, this broadcasting paradigm is fully compatible with current
web service standards auch as SOAP, WSDL and UDDI. The paper is gructured as
follows: Sedion 2 biefly overviews how the businessevent concept can be used at
the level of analysis, design and implementation of web services. In Sedion 3,
businessevents are used to enhance web service description, distinguishing between a
(nonttransadion) query interface ad a (transadional) event natification interface
Sedion 4 dscusses web service composition and coordination, again through
participationin shared events. Conclusions are formulated in Sedion 5

2 Event based web service development

The event based interaction mechanism as proposed in this paper diredly refleds an
underlying obed-oriented anaysis and design methodology: MERODE [3/4].
MERODE is complementary to UML [5], which can then be used as a formalism to
cgpture the MERODE spedficaions. MERODE represents an information system
through the definition of business events, their effed on enterprise objeds and the
related businessrules. Althoughit follows an oljed-oriented approach, it does not
rely on“pure” method invocaion to model interadion between damain ohjed classes
as in classcd approadhes to objed-oriented analysis, eg. [6]. Instead, business
events are identified as independent concepts. An oljed-event table (OET) alows
defining which types of objects are dfeded by which types of events. When an
objed typeisinvolved in an event, amethodis required to implement the dfed of the
event on instances of thistype. Whenever an event adually occurs, it is broadcast to
all involved domain objed classes. For example, let us assume that the domain model
for an order handling system cortains the four objed types CUSTOMER, ORDER,
ORDERLINE and PRODUCT. The mrresponding UML Classdiagram isgivenin Fig. 1.
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Fig. 1. Domain model for an order handling system

Business event types are e.g. create customer, modify_customer, create order,
ship_order, etc. The object-event table (see Table 1) shows which object types are
affected by which types of events and also indicates the type of involvement: C for
creation, M for modification and E for terminating an object’s life. For example,
create orderline creates a new occurrence of the class ORDERLINE, modifies an
occurrence of the class PRODUCT because it requires adjustment of the stock-level of
the ordered product, modifies the state of the ORDER to which it belongs because the
number of outstanding order lines has to be increased, and modifies the state of the
CUSTOMER of the order because the total cost of outstanding orders has to be updated.

Table 1. Object-event table for the order handling system

CUSTOMER ORDER ORDERLINE PRODUCT

create_customer
modify_customer
end_customer
create_order
modify_order
end_order
customer_sign
ship_order

bill
create_orderline
modify_orderline
end_orderline
create_product
modify_product
end_product
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The event based domain model is combined with abehavioral model. Each enterprise
object type has a method for each event type in which it may participate. Such
method specifies preconditions put on the corresponding event type by the object type
and implements an object’'s state changes (i.e. changes to attribute values) as the
consequence of an event of the corresponding type. For example, when a customer
orders a product, a new ORDERLINE is created, which involves the following business
events: create order and create orderline. Preconditions may be based on class
invariants (such as attribute constraints and uniqueness constraints) and on event
sequence constraints that can be derived from a finite state machine associated with
the object type. For example, Fig. 2 shows a finite state machine for the ORDER
domain object. Aslong asit is not signed, an order staysin the state “&isting”. The
customer_sign event moves the order into the state “registered”. From then on the
order has the status of a contract with the customer and it cannot be modified
anymore: the events modify_order, create orderline, modify_orderline and
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end_orderline are no longer accepted for this order. The ship_order event signals that
the order has been shipped to the customer, after which the order object reaches the
"shipped" state. Finally, the bill event signals the billing of the order. In thisway, the
sequence constraints mimic the general business process(es). Full details of how to
construct such an object-event table and validate it against the data model and the
behavioral model are beyond the scope of this paper but can be found in[3,4].

create_order

=

modify_order
creae_orderline
modify_orderline
end_orderline

customer_sign

end_order

ship_order

end_order
> ended

Fig. 2. State machine for an ORDER object

The entirety of all enterprise objects that together shape the business process(es) is
called the enterprise layer. The eventual information system is realized as a layer on
top of the enterprise layer, consisting of output and input services. Output services
use attribute inspections to query the enterprise objects and deliver the information to
the user. Upon occurrence of a business event in the real world, input services collect
input data from the user and invoke the corresponding event to update the set of
enterprise objects. This enterprise layer (and the associated input and output services)
can be implemented in multiple ways. standalone or distributed, tightly coupled or
loosely coupled. Currently, existing implementations are built around e.g. stored
procedures[4] or an EJB framework [7].

As discussed in detail in [8], an implementation by means of web service
technology can be achieved in three stages, in line with the Model Driven
Architecture of the OMG [9]. Firgt, the business rules are captured into a MERODE-
based, technology neutral business model, which defines the enterprise objects and
their interaction through participation in shared business events. The business model
is then “enriched” into an architectural model, which groups the enterprise objects
into distributed, loosely coupled components: the actual web services. Here, attribute
inspection and event broadcasting are identified as distinct, complementary
interaction types. In athird stage, the architectural model is trandated into an actual
technology-bound implementation model, based on current state-of-the-art
technologies such as SOAP and WSDL.

A generic architectural model for aweb services environment is depicted in Fig. 3.
The enterprise layer is distributed across different services, with each service
controlling/consisting of a subset of the enterprise objects. A web service is
conceived as a layered structure: its local enterprise layer incorporates the actual
businesslogic. This layer also contains stub objects, which locally represent external
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web services. The layer above is cdled the event layer and consists of an event
dispatcher, which also has a transaction management task. The highest layer is the
interface layer. A web service can be acce=d through two types of interfaces: a
guery interface and an event notification interface. Separate input services and output
services, combined with a user interface, allow for human users to interad with the
web service For athorough dscusson o the proposed architedure, we refer to [8].
Throughout the remainder of this paper, the relevant components of the achitecdure
will be darified. The next section deds with bah types of interfaces, as they will be
the foundation to event based web service description.

| User Interface ; T 0 ¢ T 4
O0O07 CoC1 O7z 00 o1
| Output service | | Input service | 2~ o
i - .-
v K-
—| Query interface |—| Event notification interface |— Interface layer
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-_____:__:__ ____:_________:__:___ ___:_____‘_\z__ R inspection
Web service d
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Fig. 3. A generic achitedural model for aweb services environment

3 Event based Web service description

3.1 Introduction

A key requirement for a succesSul web serviceis that potential users are aleto find
the right service and oliain the information recessary to interad with it. The way in
which web services can be alvertised and dscovered strongly resembles the CORBA
approach: CORBA objeds are described by their IDL interface, which can be
pubished in an IDL repository [10]. WSDL [11] and UDDI [12] can, to a cetain
extent, be mnsidered as web service variants of respedively IDL and IDL
repositories. However, whereeas an intranet-based techndogy such as CORBA till
pertains to a manageeble number of services, transposing a similar approach to a
world-spanning environment such as the Web may result in very poa seaching
performance. Spedfying a service solely in terms of its interface, i.e. its input and
output message types as is done in WSDL only offers a very incomplete picture,
espedally since the ultimate goal of many web services isto provoke changes in the
real world, e.g. debiting a aedit card in exchange for the delivery of a book at a
cetain address Thisbusinesslogic, i.e. what the service “does’ may be a much more
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valuable search criterion. Although UDDI provides a categorization mechanism
according to “real -world” criteria such as industry branch, product type and
geographic location, this only accommodates for a rough, first-level filtering of
available services. It isin no way destined at discovering a service based on fine-
grained specifications of what is required fromit. In this section, we discuss how the
event based approach can make a web service's interface itself more descriptive by
discerning between two interfaces: a query interface and an event notification
interface. Further on, we indicate how the interface based description can be
complemented with information about a service's process logic.

3.2 Thequery interface

The query interface alows reading the attribute values from the enterprise objects that
make out a web service. Attribute inspection is a rather straightforward type of
interaction and is based on a one-to-one process. The interaction does not cause a
state change: the enterprise objects’ attributes are never “written to” through a web
service's query interface. Therefore, preconditions resulting from class invariants or
sequence constraints are not applicable to attribute inspectionst, nor should such
invocation be subject to a transaction context. In its simplest form, the query
interface publishes a set of public getAttribute() methods at the service level, which
are mapped transparently to getAttribute() methods on individual enterprise objects.
Obviously, performance can be boosted if multiple correlated attribute inspections are
bundled into a single SOAP message exchange. Therefore, in a more complex form,
the query interface may alow invoking rea query methods that inspect multiple
enterprise objects in the web service and which may also calculate aggregate values,
check for the existence of a certain object etc. In the latter case, a query method's
input parameters behave as selection criteria that denote to which object(s) the
attribute inspections apply.

A

ProductDescription="Mild shampoo”
Price=13
ManufacturerName="BeautyProducts Inc.”

GetProductInfo(Product26)

<SOAP-ENV:Envelope

v

xmins:SOAP-ENV="http://schemas.xmlsoap. pe
L SOAP-ENV “http://schemas.xmlsoap. s
% Query interface H Event notification interface I— <SOAP-ENV:Body>
<m:GetProductinfo xmins:m="http://www.beautyproducts.com/">
| <ProductiD>Product26</ProductiD>

[ </m:GetProductinfo>
] N </SOAP-ENV:Body>
} | Event dispatcher | </SOAP-ENV:Envelope>
I
i <SOAP-ENV:Envelope
i xmins: SOAP-ENV="ttp:/jschemas xmlsoap.
I SOAP-ENV i “http://schemas.xmlsoap.
I
| i <SOAP-ENV:Body>
} This Product14 Product26 Product88 <m:GetProductinfoResponse xmins:m="http://www.beautyproducts.com/">
1 <ProductDescription> Mild shampoo </ProductDescription>
! A A <Price> 13 </Price>
I 1 1 <ManufacturerName> BeautyProducts Inc. </ManufacturerName>
! L ) </m:GetProductinfoResponse>

This.GetName() Product26.GetProductDescription() </SOAP-ENV:Body>

Product26.GetPri ce() </SOAP-ENV:Envelope>
Web service www.beautyproducts.com

Fig. 4. Invocation on aweb service's query interface

1 The sole exception may be checks for the appropriate access privileges, which is beyond the
scope of this paper.
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Fig. 4 presents the simplified example (at instance level) of the query interface for a
“BeautyProducts Inc.” manufacturer web service. Invoking the GetProductinfo()
method on the query interface results in the appropriate attributes being inspected on
several enterprise objects, as determined by the method's input parameter
“Product26”. The regquested values are communicated in a single return message.

The example includes a (simplified) SOAP message that represents an invocation to
thisinterface, along with areturn message that contains the query result.

3.3 Theevent notification interface

The situation where a service A “writes’ to a service B, i.e. causes attribute values in
B’s enterprise objects to be updated, is a bit more complex because the updates that
result from a given business event are to be coordinated throughout the entirety of all
enterprise objects that participate in the event. These combined updates must be
considered as a single transaction. A service is never alowed to directly invoke
setAttribute() methods on another service's enterprise objects. A service can only
“write to” another service by inducing a business event on this service, which may
affect the state of one or more enterprise objects embedded in the service, provided
that all constraints are satisfied.

An event is induced by invoking the appropriate method on a web service's event
notification interface. If a relevant event occurs in the real world, e.g. a customer
issues a purchase order, a stock drops below a threshold value, an order is shipped, ...
this event is acknowledged by an input service, e.g. by a user pressing the “sign”
button in a sales order form. The input service notifies the web service by an
invocation on the web service's event notification interface. For each event type
“understood” by the service, the event notification interface has a separate method.
Attributes that describe the event (e.g. order quantity) are passed as input parameters
to the method.

Upon invocation of such method, the event notification interface passes control to
the event dispatcher. The latter implements a “local” OET and knows which event
types are relevant to which (types of) local enterprise objects. The event is broadcast
by the event dispatcher by simultaneously invoking the appropriate method on each
enterprise object that participates in the event. The service's global reaction to the
business event corresponds to the combined method executions in its individual
enterprise objects. The corresponding transaction is only committed if none of the
objects that take part in the event have generated an exception because of a
precondition violation.

An example is, again at instance level, presented in Fig. 5. The web service for
“BeautyProducts Inc.” is notified of a create orderline event for product #26, order
#56 and with a quantity of 30. In this web service, only the enterprise object
“Product26” is affected by the event. As will be depicted in Fig. 7, other enterprise
objects in other web services can also be involved. The event is broadcast by the
event dispatcher to Product26. The latter updates its stock level, provided that the
congtraint “order_quantity < stock” is satisfied. Included in the example is a sample
SOAP message that represents a corresponding event notification. Note that, in
contrast to traditional method based interaction, no return values are sent other than
possibly a status variable for transaction management purposes, i.e. to inform the
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event dispatcher whether the event was accepted or whether it failed because a
constraint was violated.

NotifyCreateOrderLine(Product26, 30, Order56)

% Query interface Event notification interface
¢ ¢ ¢ ¢ ¢ ¢ <SOAP-ENV:Envelope
xmins:SOAP-ENV="http://schemas.xmisoap.
. SOAP-ENV "http://schemas.xmlsoap.
| Event dispatcher <SOAP-ENV:Body>
<m:NotifyCreateOrderLine xmins:m="http://www.beautyproducts.com/">
<ProductiD> Product26 </ProductiD>
Product26.CreateOrderLine(30) <quantity> 30 </quantity>
Y <OrderID> Order56 </OrderiD>
A </m:NotifyCreateOrderLine>
This Product14 Product26 Product88 <ISOAP-ENV-Body>

</SOAP-ENV:Envelope>

CreateOrderLine (Quantity)
{ Preconditions: Quantity < stock
Actions: Update stock level

Web service www.beautyproducts.com

Fig. 5. Invocation on aweb service's event notification interface

3.4 Discovery and invocation of web services

A ‘“traditional” SOAP based method invocation on a web service may have two
effects: it may cause a state change in the web service (as part of the execution of the
method) and it may retrieve information from the service (by means of its return
value). The event paradigm differs from this standard method invocation approach in
that the cases of “reading from” aweb service and “ writing to” aweb service are
strictly separated. The latter is called the Command-Query Separation design
principle, which, as discussed in genera in [13], makes software much more
transparent and makes classes easier to (re)use. [14] discusses its design and
maintenance advantages specific to aweb services context.

However, the distinction between a query interface and an event notification
interface also allows for richer web service description. The query interface describes
which information can be provided by the service. The interface not only describes
the service, it can aso be invoked by search engines to use the web service's current
state as part of the selection criteria when searching for a web service, e.g. to search
for an on-line library, which currently hasthetitle (“"XML for dummies’) available.

In contrast, the event notification interface denotes to which types of rea world
events the service will respond, hence provides information about what the service
does. The event paradigm has the advantage of reconciling a business concept with a
programming concept: business events such as purchases, out-of-stock events etc. but
aso events in the programming sense of the word, i.e. to which services can
subscribe. This business aspect of events does not reduce the description of an event
notification interface to mere a software concept, but also links it to “real world
events'.
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Both a web service's query interface and event notification interface are fully
compatible with current web service standards. “Traditional” web services or search
engines will be confronted with a standard WSDL interface description. An example
of a(partial) WSDL description of the BeautyProducts service's interface is depicted
inFig. 6.

<defini ti ons name="Beaut yProduct sServi ce"
xm ns:s="http://ww.w3. org/ 2001/ XM_SChena/ "
xm ns: sO="http://ww. beaut ypr oducts. com "
tar get Namespace="http://ww. beaut ypr oducts. com’ ">
<types>...</types>
<message name="Get Product | nf oSoapl n" >
<part name="paraneters" el ement ="s0: GetProductlnfo"/>
</ nessage>
<message nane="Get Product | nf 0SoapQut " >
<part nane="paraneters" el enment ="s0: Get Product | nf oResponse"/>
</ nessage>
<nmessage nanme="Noti fyCreat eOr der Li neSoapl n" >
<part nane="paraneters" el enment ="s0: NotifyCreateOrderLine"/>
</ nessage>
<port Type nane="Manuf act ur er Port Type" >
<oper ati on nane="Get Product | nfo">
<i nput nessage="s0: Get Product | nf oSoapl n"/ >
<out put nessage="s0: Get Product | nf oSoapQut" />
</ oper ati on>
<operation name="NotifyCreateOrderlLine">
<i nput nmessage="s0: NotifyCreateOrderlineSoapln"/>
</ operation>
</ port Type>
<bi ndi ng>. .. </ bi ndi ng>
<service>...</service>
</ definitions>

Fig. 6. Example of a partiadl WSDL description for the BeautyProducts web service

Once the appropriate web service has been selected, one needs to be able to retrieve
information about how a request to the service is to be conducted. Traditionaly, this
will include details of the input parameters that are to be provided and the output
parameters that can be expected. The latter will suffice for very simple services, e.g.
a currency conversion service, but it may prove to be limiting in the case where
multiple types of inputs and intermediate conditions may result in a diverse range of
possible output types, e.g. an online trip booking service. In such case, an explicit
description of the service's logic may be required. Also, “real world” properties,

which cannot be considered input or output parameters but which may definitely
affect the outcome of a transaction, should be taken into consideration. As to these,
the event based approach can again be utterly useful, simply because the event notion
bridges the gap to real world concepts.

Taking this one step further, one could imagine the web service's state machine
being published as metadata to the service, as applied in DAML-S [15]. An event
may induce a state transition to one or more of the service's objects (and, as discussed
further on in this paper, to one or more services). The published state machine would
be a unified version of the respective state machines of the internal enterprise objects,
retaining only these states and transitions that are relevant to the outside world. In
this way, the calling application would know in advance which preconditions are
required for a certain event to be accepted and which results (i.e. postconditions) can
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be assured. In contrast, an invocation to the query interface will never induce a state
transition.

Finaly, such event based description lends itself well to be enhanced with
semantic web concepts. Ontology languages such as OWL [16] can be used to
describe the “meaning” of a certain business event type, parameters, states etc. at a
semantic level, as advocated in [17].

4 Event based web service coordination, composition and
choreography

4.1 A composition model for static B2Bi

As aready stated, the web service concept hasn't fulfilled its full potential (yet) at the
level of complex, composite services. Standards for web service transactions,
composition and choreography are still under development. Existing attempts such as
BTP [18], WSCL [19], BPEL4WS [20] or BPML [21] are based on quite divergent
assumptions. This paper does not try to introduce yet another standardization
proposal. Rather, it discusses how the event broadcasting concept may provide a
composition model that facilitates the development of a standard.

In our opinion, an important factor in the troublesome process of web service
coordination and choreography is the fact that SOAP, as it is traditionally used, is
essentially a one-to-one mechanism. The latter may be adequate for simple
request/response services, but is inherently difficult to co-ordinate in a complex
environment where numerous business partners interact in shared business processes.
With an event based paradigm, transactional interaction, i.e. a “write” operation is
essentially a broadcasting mechanism instead of a one-to-one method invocation:
event broadcasting is implemented by means of SOAP method invocations, but the
methods are executed in parallel and in a coordinated way on all enterprise objects
that participate in the event. In this way, a single business event results in multiple
simultaneous updates in multiple enterprise objects. Previous sections discussed this
issue at the level of a single service. This section denotes how events can mould
coordinated interactions between services, which are much easier to model than the
myriad of one-to-one message exchanges that could make out a single business
transaction in a pure method based approach.

Each web service may have its own local input services, which generate local
business events. These events can be dispatched to the service's local enterprise
objects that participate in the event, based on a “local” object event table. As to
remote objects to which the event may be relevant, the proposed architecture caters
for an explicit subscription mechanism. In this way, a given web service's event
dispatcher will dispatch its events to all local objects and to all remote services that
are subscribed to the corresponding event type. For that purpose, a web service's
architectural model is enriched with stub objects that locally “represent” an individual
remote service and that contain areference to it, e.g. its URL. The general purpose of
these stub objects is to make the distribution aspect of the enterprise layer transparent
to aweb service'slocal enterprise objects and to its event dispatcher. A first function
of a stub object is to “mirror” &tributes that belong to the enterprise objects of the
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remote service it represents (see [8] for more details). However, more importantly, it
also propagates event notifications to the remote service it represents. Asillustrated
in Fig. 7, the resulting event based interaction mechanism takes place in four stages: if
an event occurs in a given web service, as initiated by an invocation to its event
notification interface (1), this event is broadcast to all appropriate local objects, i.e.
enterprise objects and stub objects (2). Each stub object propagates the event by
invoking the appropriate method on the event notification interface of the external
service it represents (3). Such remote service's event dispatcher then in its turn
broadcasts the event to its own local objects (4). Some of these may also be stub
objects that further propagate the event etc. The appropriate enterprise objects each
execute a corresponding method, in which preconditions are checked and/or updates
are executed (5).

NotifyCreateOrderLine(Product26, 30, Order56) @

—{ Query interface H Event notification interface }—

Yebbid

o o ol ol
S5 =] =]

‘eb service www.onlineretailer.com N\

—{ Query interface H Event notification interface —{ Query interface H Event notification interface }—
yyyvv il I
l Event dispatcher l l Event dispatcher l
®] @
’ This ‘ ’ Product14 éj’(oduaze ’ Product88 ‘ ’ This ‘
Web service www.beautypr oducts.com Web service www.somecustomer.org

Fig. 7. Example of event propagation by means of stub objects

Stub objects play an important role in distributed transaction management and web
service choreography. Indeed, within an individua service, the event dispatcher
enforces the “aomicity” of an event: an event only succeeds if no preconditions are
violated in any of the enterprise objects that participate in it. The event dispatcher
commits the transaction if no “reject” messages were returned by any local enterprise
object. Loca stub objects may also reject an event: a stub object does not impose
preconditions itself, but receives an accept/reject return value upon invocation to the
event notification interface of the remote web service it represents. |If the (partial)
transaction fails in the remote service (because preconditions were not met in one or
more of the latter’s own enterprise objects), the stub receives a “reject” return value.

As a consequence, the stub rejects the event locally and in its turn returns a reject
value to the local event dispatcher. In thisway, the concept of event broadcasting and
propagation results in a distributed transaction mechanism. Whereas the underlying
SOAP invocations only represent one-to-one interactions, events can be seen as
coordinated actions that affect multiple services. They are initially induced on a
single service, but are propagated to all services subscribed to the event (event
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subscription is discussed in section 4.2) and finaly result in parallel method
invocations on all (local and remote) enterprise objects that participate in the event.
The action is only committed if no constraint are violated in any of the participating
services/enterprise objects. In this way, events shape a coordination mechanism,
derived from the business model, over the individual SOAP invocations.

In this way, event propagation can be used both for interaction between peer
services (by the stubs propagating event notifications) and for a complex service to
coordinate the behavior of its components (by the local event dispatcher notifying
local objects). This approach can be easily generalized into an n-level system: each
local object and each remote service may in their turn be complex objects, which react
to the event by further propagating it to their constituent objects or (through their own
stubs) to yet other remote services etc. The event is propagated recursively at each
level in a hierarchy of complex web services with a complex task, that in their turn are
conceived of more simple services with a simpler task until alevel of atomic services
is reached. The choreography is not stored in a central document: the appropriate
consecution(s) of events is/are determined by the preconditions imposed by the
individual enterprise objects. These preconditions emanate from the state machines
of the enterprise objects, hence reflecting the actual business processes.

4.2 A composition model for dynamic B2Bi

The previous section actually dealt with amodel for static B2Bi. In such situation, all
interacting partners “know” one another in advance: together they form an extended
enterprise.  In such situation, dynamic event subscription is not necessary; stub
objects are created at the moment when the interacting web services are deployed.

This approach can be extended into a composition model for dynamic B2Bi, where
partners have to dynamically find one another, after which they participate in short
lived, ad hoc partnerships. In that case, stub objects will be created at runtime, when
a certain remote service is selected for interaction. Just like the “real” enterprise
object types, stub object types are represented in the object-event table. The latter
denotes which event types have a “aeate” dfect on a stub object type. If such an
event isinduced, a new stub object instance is created (at least if al preconditions are
satisfied) and initialized with the URL of the external service it represents. This URL
is to be provided as one of the event's parameters. From then on, the stub object is
responsible for the interaction between the two services. In this way, dynamic
subscription of one service to another, i.e. the initiative to start interacting, is modeled
as part of the business processes and embedded in the lifecycle of the enterprise
objects. In asimilar way, events with an “end” effect on a stub object terminate the
interaction between two services.

In this respect, one last issue is how the “decision” of one service to search for and
subscribe to another service is to be made. This paper does not address the search
(and possible matchmaking) mechanism itself, but its contribution lies in the ability to
automatically formulate web service search criteria through the concept of failed
events. Indeed, an event can be seen as a transaction. Web transactions typically
have transaction management mechanisms that are less strict than the traditional
“ACID” properties from the database world. Especidly, “long -lived” transactions
(e.g. the online booking of atrip) will not always be committed or rolled back in their
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entirety, but will consist of sub-transactions for which an aternative (i.e. a
“@rrective” adion) has to be sought, if one of them fails. In the context of events, a
failed transaction can be translated as a precondition not being satisfied in one of the
enterprise objects (either local or remote). Instead of rolling back the entire event, a
measure of goal seeking intelligence can be added to the event dispatcher so as to
come up with a corrective action for the failed precondition, instead of aborting the
entire transaction. Two alternatives can be discerned, which can be enhanced with
semantic web based mediation capabilities as discussed in [22]. A first possibility is
that the event dispatcher of the web service where the event was initially induced tries
to induce (an) additional, “subordinate” event(s) on the service where the event was
refused. The subordinate event(s) should result in state changes that resolve the
original precondition violation. In this respect, the precondition can be seen as the
goal that is to be achieved to be able to have the original event succeed. The
subordinate events can be selected based on whether their postconditions assist in
achieving this goal. For example, a purchase event in an on-line shop could be
rejected because it is “membership required”. The calling service could then try to
induce a new_membership event, so as to satisfy the precondition for the original
purchase event. A second option is to simply ‘“replace” the service where the
precondition was violated with asimilar service that imposes less strict preconditions.
In that case, the new service will be selected based on the events it understands and
on the preconditions it imposes on them. For example, the calling service could look
for another shop, which does not require membership. Again, search criteria not only
entail interface formats, but also specifications about the effect(s) on the real world.

5 Conclusions

A rigorous analysis and design phase is often overlooked with respect to web service
development [23]. This paper proposed a business modeling paradigm where an
information system’s behavior is closely related to real world business events. The
relation between static and dynamic specification is made by means of a very elegant
and concise modeling technique: the object event table. The event based specification
can be implemented without giving up on the current de facto standard web services
stack based on SOAP, WSDL and UDDI.

Moreover, the clear distinction between query interface and event notification
interface results in improved web service description capabilities. The description
can be further enhanced by an explicitation of the business logic by means of state
machines, with business events inducing the state transitions.

Events also facilitate the coordination of interacting web services. Discerning
attribute inspections from event notifications allows for focusing on only the latter
with respect to transaction management. Also, the fact that event propagation is a
broadcasting mechanism yields a composition model that is much simpler than
streamlining the myriad of one-to-one message exchanges in a purely RPC based
approach.

Not unlike [24], statecharts are used to capture the business processes, rather than
flowcharts as applied e.g. in [25]. Particular to our approach is that business events
are a core modeling component, triggering and coordinating state transitions in
multiple enterprise objects and services. The “doreography” is distributed as
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preconditions imposed by the respedive enterprise objeds and services that
participate in an event; at each level the behavior of a composite system is the union
of the individual objeds behavior. Dynamic B2Bi is fadlitated by incorporating a
goal seeking and subscription mecdhanism, again based on business events and
preconditions resulting from the state machines that reflect the underlying business
processes.
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