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Abstract. This paper advocates an approach to web seregigmand interaction that is based on web
services simultaneously participating in shakediness events. In contrast to one-to-one method
invocations, such events dmeoadcast in parallel to all web services that participate in it. Moren

the transactional business events are distinguiffoed non-transactionadttribute inspections. The
paper first discusses the role of the businessteatept as the cornerstone for a methodical aisaly
and design phase. Then, it is shown how the ebmddcasting paradigm can be implemented by

means of SOAP messaging.

1 Introduction

The advent of the web services paradigm broughtitaborevolution in the way business partners can
integrate their information systems and allows iforovative organizational forms that were unthirlkab
before. The enabling technology is SOAP [1], therent de facto standard for web service interagtio
which is based on the exchange of XML messagesaurdents.

Initially, XML based business-to-business interactivas mainly accomplished by replacing paper
documents such as purchase orders, receipts, @s/etc. by an equivalent electronic document. Xils
utterly useful as a data format for this purposet allowed defining structured documents, whioklild be
processed much more efficiently by applicationsitpkin text documents. Moreover, the structure of
certain document type could be laid down in a DTCaw XML schema, such that a document’s validity
could be checked against its type definition. His tvay, interacting companies could mutually agreea

common structure for each document type involvedhigir transactions. However, instead of being
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document-based, automated business-to-businegadtibe can be accomplished by means of another
paradigm as well. The latter originates in theosg of distributed object architectures such aOBC

[2], RMI [3] and CORBA [4], where interaction coets of objects on different hosts remotely invoking
one another’s methods. DCOM, RMI and CORBA arel wstablished agntra enterprise application
integration technologies in a local area networdwéver they can hardly be used foter enterprise
application integration over the Internet because they are too heavyweigtitabove all don’t cope well
with firewalls. SOAP, on the other hand, allows femote method invocations and their parameteb®to
represented asML messages, which are transmitted over “native” Web protocsleh as HTTP or SMTP.

It can be seen as a very lightweight RPC (Remaobed@ture Call) mechanism over the Web, which deals
well with firewalls.

Although SOAP supports document-based as well &-Rized interaction, the latter seems to have the
potential to become the predominant technologyB®B communication and inter enterprise application
integration. Web services can then be definecedscantained software components that expose Bpeci
business functionality on the Internet, such thtaeoapplications can use them by means of estallis
web protocols and data formats such as HTTP and XHEterprises publish only a limited set of seegic
instead of entire applications. This is very saniio the distributed object paradigm, where onlyréted
set of methods, specified in an object’s publiceiféce, can be called remotely, with the actual
implementation details beintgdden from the outside world. SOAP and the web serviza®digm allow
for heterogeneous information systems to be couplesl very loose way, instead of having to resort t
inflexible, tightly coupled infrastructures, whidan hardly be used beyond a single company’s walfls.
this way, the integration of the business processesng multiple business partners can be suppbsted
integrated information processing across all pigditng companies [5].

Although the web service concept looks very prongsit hasn’t fulfilled its full potential yet. Crent
implementations are largely limited to rather sienquest/response services such as currency tersyer

stock information services etc. More advancedstational systems, where services belonging toipieilt
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business partners participate in complex businessactions, are still very scarce. One of thenary
reasons is that standards for web senti@msactions, composition and choreography are still under
development. Existing attempts such as BTP [6],QW$7], BPELAWS [8] (in its turn successor to
XLANG and WSFL) or BPML [9] are based on quite diyent assumptions. However, we think that
another very important reason, which may also hantpe efforts with respect to web service
choreography standards, is the fact that XML b&BB& (and also XML document based interaction for
that matter) is essentially @ae-to-one mechanism: web service A invokes a method on service B,rafte
which B may or may not send a return value to AuctEmechanism is indeed suitable for simple
request/response services, but is inherently ditfito co-ordinate in a complex environment where
numerous business partners interact in shared dsssiprocesses. One-to-one messaging as a mechanism
to co-ordinate processes that are shared by matigpaevitably results in intricate sequencesnessage
exchanges, over which it becomes nearly imposdibleo-ordinate transaction management. Also,
whereas traditional LAN/WAN information systems édson distributed object/component architectures
such as CORBA, DCOM or RMI/EJB typically resultedrh a rigid analysis and design phase, this isofte
not the case with regard to web services. Freduentlividual services providing some functionglédre
published without a thorough analysis regardingr thesition within the business processes and tbiea)
information system architecture. Again, such apphois only suitable to isolated request/response
services [10].

Therefore, this paper advocates ewent based approach to web service development. Interaction
between services is based on the simultaneougipation in (and processing afjared business events.
Such transactional business events are distingdishem (non-transactionalpgttribute inspections.
Moreover, events are not propagated one-to-onetaliroadcast in parallel to all services that have an
interest in an event of the corresponding type.e Témainder of the paper is structured as follows:
section 2, the concept of business events is usdleabasis for a methodical analysis and desigisgh

Section 3 describes amplementation approach for event based interaction between wefices by means
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of SOAP messaging. Particular emphasis is puthendifferences with event based interaction in a

standalone or LAN environment. Section 4 formdatenclusions and discusses topics for future reBea

2 Event based analysis and design

2.1 Business objects participate in shared businesseats

The event based interaction mechanism as propos#usi paper directly reflects an underlying object
oriented analysis and design methodology: MERODE [I2]. This method represents an information
system through the definition of business evehigsiy teffect on enterprise objects and the relatesingss
rules. Although it follows an object-oriented apgch, it does not rely on message passing to model
interaction between domain object classes as isidal approaches to object-oriented analysis 143;
15]. Insteadbusiness events are identified as independent concepts. An olgeent table (OET) allows
defining which types of objects are affected byahhiypes of events. When an object type is invaivie

an event, a method is required to implement thecefff the event on instances of this typghenever an
event actually occurs, it is broadcast to all imeol domain object classes.

For example, let us assume that the domain modelf@mrder handling system contains the four object
typesCUSTOMER ORDER ORDER LINEandPRODUCT. The corresponding UML [13; 16; 17] Class diagram
is given in Fig. 1. It states that a customer place 0 to many orders, each order being placeskbgtly
one customer. Orders consist of 0 to many oraes|i each order line referring to exactly one pcadu

Products can appear on 0 to many order lines.
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Fig. 1. Domain model for an order handling system

Business event types are e.g. create_customerfynodstomer, create_order, ship_order, etc. Thectb
event table (see Table 1) shows which object tgpesaffected by which types of events and alsccatds
the type of involvement: C for creation, M for mfiction and E for terminating an object's life.orF
example, create_orderline creates a new occurraibe classORDERLINE, modifies an occurrence of the
classPrRODUCT because it requires adjustment of the stock-lef/¢he ordered product, modifies the state
of the order to which it belongs and modifies thetes of the customer of the order. Notice thatl&db
shows a maximal number of object-event involvemeititsve do not want to record a state change @ th
customer object when an order line is added to afnkis/her orders, it suffices to simply remove the
corresponding object-event participation in theeabjevent table. Full details of how to conststh an
object-event table and validate it against the daddel and the behavioral model is beyond the sobpe

this paper but can be found in [11; 12].
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Table 1.0bject-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
start_billing
create_orderline
modify_orderline
end_orderline
create_product
modify_product
end_product

S EEIEEEIEMEO
S EEIEME|O

m=Z|O

MmO E=Z

2.2 Modeling behavior

The event based data model is combined witbhavioral model. Indeed, the business objects are allowed
to putpreconditions on the events in which they participate. Soméhebe are based atess invariants,
others onevent sequence constraints that can be derived from a finite state machirsoeiated with the
object type. For example, when a customer ordepsoduct, a new order line is created. In terms of
enterprise  modeling, this requires the following sibess events:create order, modify order,
create_orderline, modify_orderline andend_orderline. The customer_sign event models the fact that a
final agreement with the customer has been rea(digdature of sales order form by the customer)tha
same time this event signals that the order carprepared for shipping. These kinds of sequence
constraints can be modeled as part of the lifeecgtlbusiness objects. In the given example tloslevbe

in the life cycle of the sales order domain obje&s long as it is not signed, a sales order stayise state
“existing”. Thecustomer_sign event moves the sales order into the state “regidte From then on the
sales order has the status of a contract with teeomer and it cannot be modified any more. Thesums

that the eventsreate orderline, modify_orderline andend_orderline are no longer possible for this sales
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order. Theship_order event signals that the order has been shippedtetaustomer. As an effect of this
event, the sales order object reaches the "shipgiat¥. Finally, thetart billing event signals the start of
the billing process. The resulting finite statectmae is shown in Figure 2. In this way, the semee

constraints mimic the general business process.

create_order

p  existing customer_sign

end_order

registered

ship_order

shipped

modify_order
create_orderline
modify_orderline
end_orderline

start_billing

> l ended

Fig. 2. State machine for a Sales Order object

The event concept as described in this sectiohenfitst place pertains to thamalysis anddesign of an
information system. The approach allows for theci@e identification of an information system’s
behavior, which is related to real woiddsiness events. Moreover, the constraints on this behavior can b
accurately represented as preconditions imposedn8ividual business objects. In this way, the
“choreography” of the interacting objects is distiied among the respective objects that participasn
event and the behavior of the entire system iauthien of the individual objects’ behavior, whichegtly
reduces the complexity of behavioral modeling.

Another important advantage of this approach is$ tha results from an event-based analysis can be
implemented by means of both object-oriented anutoigect-oriented technologies. Currently, exigtin
MERODE based implementations are built around saged procedures [12] or anEJB framework [18].
Moreover, even within an object oriented framewadtthe event based interaction paradigm (i.e. the

specification as resulting from the analysis) canitmplemented in multiple ways: by means of a
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programming language that incorporates a nativeeri€v construct but also by means ofethod
invocations that “mimic” event propagation. In the latter eagn object type should have a method for
each event type in which it may participate. Evprdpagation is “simulated” by aevent dispatcher
simultaneously invoking the appropriate method asheobject instance that participates in the event.
Hence the difference with traditional method basgeraction lies in the fact that appropriate methare
executed in parallel and in a co-ordinated way on all business objects that participate in the event.

Previously, the focus of the MERODE methodology wpsn implementations where the scope was a
standalone system or a LAN based distributed olfjantework. Even if the applications themselvesewe
distributed, there was always a comnenierprise layer that contained the “primary copy” of all business
objects [18]. The next section discusses how éneesapproach can also, mutatis mutandis, be applied
Web environment. It is shown how web services graatly benefit from an event based approach,et th
analysis and design level as well as at the impieatien level. In this respect, it is not our gtaicome
up with a competing mechanism to the current defatandard web services stack of SOAP, WSDL [19]
and UDDI [20]. The entire approach will be fitanthis framework, i.e. events being dispatched @45
based “method invocations” over HTTP, similarly ttte method based event dispatching mechanism

mentioned above.

3 Application of the event paradigm to web servicenteraction

3.1 SOAP as a mechanism for event dispatching

In general, SOAP is method based interaction mechanism: SOAP messages represemtegmocedure
calls between web objects. Note that initially, widl discuss the interaction between “web objedts”
general and use the terms “business objects” amth ‘services” intermittently. From section 3.3 ormga
we will explicitly distinguish between fine grainduisiness objects and course grainedeb services. A

SOAP based remote method invocation from objeai 8bject B is accomplished in the following steps:
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- Asends an XML message to B, with the method namlgparameters as content.
- B receives the message and executes the correggandihod with the given parameters.
- As part of the execution of the method, some vatifid®s attributes may be updated.

- Optionally, B sends a return value to A.

Hence a SOAP based method invocation by A on B maag two effects: it may cause a state chamde
i.e. updates to one or more of B’s attributes (ag pf theexecution of the method) and it may pass
information from B to A (by means of it®turn value). Also, the interaction is essentially one-to-one
between the object that invokes the method andlfect on which the method is invoked.

The event paradigm differs from the standard RPC approacapatied in SOAP in that the cases of A
provoking a state change in B and A retrieving finfation from B are separated. With an event based
approach, a firm distinction can be made betweearains (as invoked by A) thatead from” attributes
in B and that trite to” attributes in B. The latter is called tf@ommand-Query Separation design
principle, which, as discussed in [21], makes safevmuch more transparent and makes classes &asier
(re)use. Moreover, the event based paradigm afsersdfrom the standard SOAP approach in that the
“write” operation is essentially broadcasting mechanism instead of a one-to-one method invatatio
event is broadcast simultaneously to (and proceisgeall objects that participate in the event. wéwer,
as discussed above, an event based interactiodigiaranay well beémplemented by means of a method

invocation mechanism.

3.2 Event broadcasts and one-to-one attribute inggtions

With an event based approach, two generic typéstefaction between web objects/services A andmB ca
be discerned, which can both be implemented by ;ieB8OAP messagingttribute inspection andevent

broadcasting. These types are intertwined when a generic myesBased approach is used, which makes
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web service choreography and transaction modeliaghnmore intricate. This section discusses how bot
attribute inspection and event broadcasting cainmpéemented as separate types of actions by means o
SOAP messaging. Without burdening generality bioth types of interactions, we’ll assume that obfec

takes the initiative.

Attribute inspections. Object A “reading” from B, i.e. A inspecting B’stabutes, is a type of interaction
that does not cause a state change in B; B’s atitigbare never “written to”. It occurs if object‘Aeeds”
information that is stored as attribute valuesa®some query function) in B, e.g. because thi@mmdtion
is used by object A to provide output to a humaer as to test a precondition.

Attribute inspection is a rather straightforwarg@eyof interaction and is based on a one-to-onegssoc
Only two objects are involved: the one needingitii@rmation (A) and the one that has the informatis
a value to one of its attributes (B). The inte@attdoes not cause a state change on either dfnthe
objects; therefore, it should not be the subjedrarisaction contexts. Also, preconditions resglfirom
class invariants or sequence constraints are rngicaple to attribute inspections, again becausy tho
not involve a state changeSOAP messages that represent attribute inspeati@ very similar to calling a
getAttribute() method on an entity Bean in the Enterprise Java8¢aJB) framework [22]. Applications
or services can call directly upon publishgeAttribute() methods to retrieve data from an entity.
Obviously, in a SOAP environment, performance camdosted if multiple correlated attribute inspearcsi
are bundled into a single message exchange. HeBEAP message type should be defined for each type
of (combined) attribute inspection and for the esponding return value(s). Figure 3 presentstample
of a web service implementing an online retail shepich, when providing product information to its

users, retrieves the detailed product specificatfoom the respective manufacturers.

1 The sole exception may be checks for the appriepaiecess privileges, which is beyond the scopki®paper.
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SOAP message :
< request values of attributes

“product description” Retail
and “price” for product A > service

SOAP message :

< the requested
attribute values >

-
Manufacturer Manufacturer Manufacturer
Service Service Service

For product A For product B For product C
L

Fig. 3. Example of attribute inspections between web sesvi

Event dispatching. The situation where object A “writes” to B, i.e.us@s attribute values in B to be
updated, is a bit more complex: because the updastgesult from a given business event are tade
ordinated throughout the entirety of all businelsgats that participate in the event (the combinpdates
can be considered as a single transaction), arctobfeuld never justipdate individual attributes of
another object (in EJB terminologsetAttribute() methods should never be published in an entitynBea
public interface). Changes to an object’s atteisuare only to be induced by generatiuginess events
that affect the state of all business objects wewlin the event. This type of interaction resiitsn an
event that occurs in the real world, e.g. a custoismiing a purchase order, a stock dropping below
threshold value, an order being shipped, ... Thisweald event affects thetate of the real world. If this
state change pertains to the part of the real wbdtlis represented in the respective businegstbjdata,
the state of the corresponding objects is to beatgadaccordingly. The respective business objesnis
subscribe to business events that are relevaheto {as denoted in the object event table). Tée&sancy
can exist because thatate is affected by the event and/or because theylesggain constraints that may
decide whether or not the event is allowed to haggiell. These constraints are definegrasonditions

on the corresponding event type.
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This is accomplished by broadcasting an event gbyetich is an instance of a certavent type and
hasattributes that describe the event, to all business objéetsgarticipate in the event. As stated earlier,
event broadcasting can be implemented by meansmaifltaneous method invocations on the object
instances that participate in the event. The ntetheocations’ parameters represent the eventibates.
In a SOAP context, the latter is implemented by mseaf anevent dispatcher (cf. infra) sending SOAP
messages simultaneously to all objects/servicaspidicipate in the event. Such message refetheo
method that implements the object’s reaction todhent and contains the event's attributes, whieh a
passed as parameters to the invoked method. Hkeace will be an XML message type for each event
type that may occur and a web object will have d@hoek that implements the object’s reaction for each
event type in which it may participate. If a redev event occurs, each participating object reseave
SOAP message and executes the corresponding metittodhe parameters provided in the message.
Hence SOAP based event dispatching is still impraete by means of remote “method invocations”.
However, instead of one-to-one method invocatitimsy are simultaneous method invocations on several
objects, with each method having the same namesssciated with a particular event type. These
methods check constraints pertinent to the corredipg (object type, event type) combination andceke
the necessary updates to attributes of that péatiabject if all constraints are satisfied. [ftrall
constraints are satisfied, an exception is gengrate

An example is presented in Figure 4. For instaceeate orderline event is broadcast to three web
services, each possibly putting constraints oretlent and possibly changing its state becausesaévhnt:

- the onlineRetail service checks that the line number is unique adds the orderline to the
appropriate order
- theManufacturer service checks whether the ordered product ititksand adapts its stock level

- theCustomer service checks whether the order’s total bill doesexceed a certain amount
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SOAP message :

< event type: create_orderline
event attributes:

product# = A

order# =27

customer# = X >

Event
despatcher

Retail Manufacturer Service
service Service representing
For product A customer X

- l ~,

Method create_orderline(prod, ord, cust) Method create_orderline(prod, ord, cust) Method create_orderline(prod, ord, cust)
{ < check unique line number > { < check product in stock > { < check total amount >
< update order > < update stock level >

Fig. 4. Example of event dispatching between web services

The global result of the business event correspémdse combined method executions in the individua

web objects. The transaction is only committecidohe of the objects that take part in the evenehav

generated an exception. Otherwise, a rollbackdsi¢ed. Note that no return values are sent (as is the
case with a method invocation), other than possldyatus variable for transaction management gego

i.e. to determine whether the transaction can benaitted or should be rolled back.

3.3 Web services, local objects and remote objects

The interaction mechanism described so far inde@tesponds to event based interaction over SOAP.
This interaction currently takes place betwbasiness objects, similar to the LAN based distributed object
approaches such as DCOM, CORBA and RMI. Howewerijrgportant difference between a Web based
approach and a standalone or LAN based “enterfmg®” is that the business objects and the busines
logic of the interacting organizations are to beugred into coarser grained components: the agtdal

services. Indeed, it would not be feasible for a compaayptiblish individual interfaces to its actual

2 Or, instead of a global rollback, corrective acticare taken. A “hard” commit-or-rollback strateigyoften too
limiting in a web services context with long-stamgliransactions.
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business objects. Rather, it will publish one @renweb services that fulfill an actual business function
and that are composed of (and affect) multiplerirgebusiness objects.

Moreover, the enterprise layer, i.e. the entirdtigusiness objects that shapes the business pfesgss
now itself distributed across different sites/seeg, with each service controlling/consisting cfuaset of
the business objects. Therefore, from a givenis®ss perspective, we can distinguish betwéersl
objects (the ones that make out the service) ramidte objects (the ones that are part of other services,
possibly on other sites). A single service cardrgsidered as the unifiguiblic interface of the underlying
business objects, which allows for events to beiéed and attributes to be inspected. The entiwéty
business objects that implements a single servicald be accessible through a singtet: this “flat” web
service interfacéides the underlying complexity of the business objdiaisn other services, much like an
individual object’s implementation is hidden fromet other (local or remote) objects it interactshwit
Hence a given object should only be aware of therdbcal objects; a given service should only Wwara
of (and interact with) other services, not with dheservices’ constituting business objects. Thaahc
behavior of the entire service is then the combibetiavior of the business objects it encompasses.
However, differently to the “traditional” web sete approach, its operations represent event bretsdca

and attribute inspections, instead of all-purp@seate procedure calls.

3.4 Event based interaction in two stages and exgit subscription to remote events

In a LAN environment, event broadcasting can belemgnted by means of a single, central event
dispatcher. “Real world” events are translated imisiness events in the information system by meén
so-calledinput services. In general, these will encompass user interfamaponents that receive input
from human beings about relevant real world eveats, the “sign” button in a sales order form. same
cases, real world events may be detected withootahuintervention, e.g. a sensor that detects when t
stock of a liquid product drops below a certaireifrold. An input service translates a real wovkehéinto

an event object, which is broadcast by the evespaicher. The latter “knows” which event types are
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relevant to which object types; this informatiornclae encoded, based on the object event table that
resulted from the event based analysis.

The same principle can be applied in a web sengoegonment. Now each web service may have its
own local input services, which generate local hess events. These events can be dispatched to the
service's local objects that participate in thergydased on a “local” object event table. Howevtee
assumption of a single event dispatcher that alsonaatically knows altemote objects to which a certain
event may be of interest is unrealistic: in mangesa web services are developed without prior kedgé
of the other services they are to interact withd @ertainly without knowledge about these services’
internal business objects. Therefore, as to remiojiects to which the event may be relevant, thr@ach
should cater for an explicfubscription mechanism. In this way, a given web service'snedispatcher
will dispatch its events to all local objeasd to all remote objects that are explicitly subsedto the
corresponding event type.

However, because the basic principles underlying services involve a level dfiformation hiding at
the service level, i.e. other services only getee a service’s interface and not its implemematigtails, it
would not be a good idea for event propagatiorake place between thesiness objects that make out the
different services. As already said, a serviceukhmnly be aware of its peer services, not of rthei
constituting objects. Therefore, the (remote) ¢y@opagation mechanism is implemented atsdgice
level: an event is propagated to all services ticlvithe event is relevant. If one of a serviceeots
should be aware of a certain remote event typeetikieeservice subscribes to this event. Subscription of a
remote service comes down to a reference to itgbetored as an attribute value to one of the local
service's objects. For that purpose, a web sercimetainsstub objects that locally “represent” an
individual remote service and that contain a refeeeto its URL. The resulting event based intévact
mechanism takes place in four stages: if an eveauirs in a given web service (as initiated by oh#so
local input services), this event is broadcastlit@@propriatelocal objects, among which the stub objects.

Each stub object propagates the event to the eatteenvice it represents. Such remote service ithés
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turn broadcasts the event to its own local objeditee example from Figure 4 is now elaborated uipon
Figure 5. First, the input service associated \lin online retail service detects a real worldnév@),
which corresponds to a request for the creatioa wéw orderline in an existing sales order. ThiEngis
broadcast by the retail service’s event dispattbeaall of the retail service'tocal objects, among which
some stub objects (2). The stubs for the corredipgrmanufacturer and customer propagate the dwent
the respective remote services they represent E2)ch remote service’s event dispatcher broadthasts
event to its own local objects (4). Figure 4 allyedepicted how the appropriate (local and remobg@cts

then each execute a corresponding method, in whreltonditions are checked and/or updates are

executed.

K Retail
service

Stub for
manufacturer B
service

Stub for
customer X
service

@mufacturer B

Service

Event dispatcher

~

[ Product B1 }

[ Product B2

—

[ Product B3 }

-

J

ﬁ:ustomer X

Service

N

Event dispatcher

Order_list

~

Fig. 5. Example of event propagation by means of stubctbje
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Hence the event based interaction mechanism cappiéeed on two different levels in the web service
architecture: in the first place for interactibetween web services, where each web service is perceised
an atomic unity by its peer services. The servigdkinteract by responding to communal events. A
second interaction mechanism should exist at W Ief theintra-service interaction between the different
business objects that make out a single serviare Hhe reaction of the web service as a whotediven
event will be translated into the different busmebjects that make out the service reacting toettent.
The same goes for the constraints: the constrginotson an event by a given service will be the
combination of constraints put on that event by itidividual objects that implement the service. eTh
alphabet of event types “understood” by a service is thenmf the alphabets understood by the individual
objects that make out the service. If the same B®ased interaction mechanism is applied to bd#r-in
service and intra-service interaction, these objeah be considered as small “atomic” services siebras.
This approach can be easily generalized into avellsystem: a service or component receives ant eve
notification and propagates it to its constitutiogmponents, which in their turn propagate it toirthe
components etc. In this way, the event is promabatcursively at each level in a hierarchy of claxp
web services with a complex task, that in theintare conceived of more simple services with a Emp
task until a level of atomic services is reach€uh the other hand, at each level, a componenté¢icatves
an event notification may be a “wrapper” that intdly consists of components that interact by mezns
another mechanism. In this way, e.g. interactiothe service level may be event based, whereas sém
the services consist of business objects implerdesgeEnterprise JavaBeans, which interact by mefans

RMI.

3.5 Creation of stub object instances and event Bscription

The event based interaction mechanism can be dppdieveb services that belong to long standing
business partners with more or less establishedaiction patterns and to partners that participathort

lived, ad hoc partnerships. In the first case, cma@d start out from a “unified” analysis and dgsbver
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the extended enterprise, resulting in a “unifiedisiness model that entails the business objectl of
partners involved. In this approach each web sepfrom the moment it is deployed, has a stubabfge
each service it interacts with. As to ad hoc itépon, stub objects will be created at runtimeewla
certain remote service is selected for interactibrdeed, just like any object, a stub object waiio be an
instance of an object type. For example, an oniatailer will have an object type for stubs repregsg
remote “manufacturer” services and an object typesfubs representing remote “customer” servicese
object event table discerns between the differéfetes a certain event type may have on a giveeatbj
type: M(odify), C(reate) or E(nd). An event witHaeate” effect on a stub object type will resalia new
stub object representing a certain remote web geihyeing created, at least if all constraints atisfsed.
One of the event parameters should be the URL @frémote service, e.g. as retrieved from a UDDI
repository. This URL is then stored as an attebedlue to the stub object. From then on, the stable
to send event messages to the remote servicer@sans and to retrieve attribute values fromghbivice’s
public attributes. In this way, one servibscribes to another service’s events. In a similar wagras

with an “end” effect on a stub object terminate ititeraction between two services.

4 Conclusions and future research

4.1 Thorough analysis and design based on the “biness event” concept

Regardless of the implementation environment, fisitter importance when developing an information
system to start with a rigorous analysis and deglgase. Due to their nature, the latter is oftegrlooked
with respect to web services. In our approachthatspecification level, the explicit identificaticof
business events has the advantage that constnaptesenting the actual business logic, can hetifol

as preconditions for each (event type, object tymegbination. The relation between static and thina
specification is made by means of a very elegadt@mcise modeling technique: the object eventtabl

Another principal design conceptdasmmand-query separation: the distinction between transactional event
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broadcasts and non-transactional attribute inspesti A thorough analysis and design is key if aines at

complex transactional web service interaction gadtof simple request/response systems.

4.2 Loose coupling, SOAP and WSDL compliance

The event based specification can be implementetidgns of event dispatching being simulated through
simultaneous SOAP messages. Hence events caneldewithout giving up on the current de facto
standard web services stack based on SOAP, WSDUBMRI. Whereas the web service concept in itself
already entails a loose coupling mechanism, theloay between web services communicating by means
of event broadcasting can be kept even looser:ela service does not communicate one-to-one with its
peers but just broadcasts an event, which is pseddsy any service with an interest in it. In thisy, e.g.

the number of parties that participate in an ewantbe easily increased by just adding anotheicgethat
subscribes to the event, without having to redestigrentire chain of one-to-one message exchanges.

In this respect, a future research topic is a statided way of specifying an event based web se'svic
interface by means of WSDL. Obviously, this is gibke, as our event based mechanism was
superimposed over SOAP messaging, which is the basWSDL. However, it would be a good idea to
specify a generic framework for event based webicedescription (and discovery) by means of WSDL,
where one explicitly discerns between event brostitog and attribute inspection. In this way, a web
service's interface can be specified as the contibimaf the event types it “understands” and thelattes

it publishes externally.

4.3 Web service composition, choreography and traaction management

As already discussed in section 3.4, event propagatan be used both for interaction between peer
services and for a complex service to co-ordinlageltehavior of its components. In this respeftitare

research topic is the optimization of the procelsaggregating individual business objects (or “digfip
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web services) into more complex services. Basedhenevent types “understood” by the respective
business objects and the need for attribute ingpeciamong business objects, the degreeobésion
between the respective objects can be calculatatetermine an appropriate way to divide the objects
across the actual services.

Moreover, the clear distinction between attributepiections (which do not entail state changes) and
business events (which do entail state changesjyvalfor focusing on only the latter with respect to
transaction management. Also, the fact that event propagation is a bcaating mechanism allows for
more adequate web service transaction specificatinsingle business event results in multiple
simultaneous updates in multiple business objettee latter is much easier to describe than theauyof
one-to-one message exchanges that could make simgke business transaction in a pure RPC based
approach. A topic for future research is a stadidad transaction management mechanism, based on
return messages sent by objects and services, widatate whether or not any constraints were témla
by the event in a certain object or service.

Although web servicehoreography can be situated as a layer above transaction reareg in the web
services stack, there is a certain measure of averlindeed, the reliability of physical inter-sees
communication channels may be much lower thannfrastructure that is offered in a LAN. Therefore,
the interaction mechanism should allow for asynobts interaction and specific transaction managémen
mechanisms that are less strict than the “ACIDpirties as we know them in a LAN environment. More
specifically, “long-lived” transactions will not\ahys be committed or rolled back in their entirdtyt will
consist of sub-transactions for which an alterrmafive. a “corrective” action) has to be soughwprif of
them fails. The latter already belongs to the lafewveb service choreography. In this resped,rbtion
of events combines well with state machines, wieeents are the triggers for transitions from otagesto
another. This allows for the business proces®tmepresented in the state machines of individusiness
objects and opens up great possibilities for thecifigation of web service choreography at varitmyels

of aggregation.
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4.4 Events representing genuine business semantics

Finally, the event based approach to web servisgg@posed in this paper also in a certain wayneites

the two paradigms discussed in section 1. Fingtret is thedocument based paradigm, where the XML
documents exchanged by means of SOAP actually gepreelectronic versions of purchase orders,
receipts, invoices etc. These documents represdnie business reality and are easily understgod b
people with a business background. On the othed,hthere is the RPC based approach, where the XML
documents exchanged over SOAP actually consishoft snessages, which represent (remaotefhod
invocations, similar to what is done in e.g. DCOM, RMI or CORBObviously, this RPC based approach
is best understood by software developers. Howelvdpes not really represent a business cont€kie
event paradigm has the advantage of embodying &dibsiness and a programming concept: business
events such as purchases, out-of-stock eventbugtalso events in the programming sense of thel wer.

to which objects casubscribe. In the future, the business “meaning” of therdsemay also facilitate web

service description atsemantic level by means of RDF [23], as advocated e.g2#).[
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