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Abstract. A broad spectrum of electronic commerce appli- 1 Introduction
cations is currently available on the Web, providing services

in aimost any area one can think of. As the number and vag,eqonic commerce applications support the interaction be-

riety of such applications grow, more business opportunities, e en, gifferent parties participating in acommerce transaction

emerge for providing new services based on the integrationy;, yhe network, as well as the management of the data involved
and customization of existing applications. (Web shopping

; . i in the process [50]. The Internet provides access to a large
malls and support for comparative _Shop_plng are justa COU_pl%md diverse body of such applications, e.g., book and record
of examples.) Unfortunately, the diversity of applications in ' '

- ; . . . .~ stores, supermarkets, train and airline reservation systems, etc.
each specific domain and the disparity of interfaces, applica

: ; : . The variety of available applications makes electronic shop-
tion flows, actor roles in the business transaction, and datﬁing appealing for both customers and entrepreneurs. From
formats, renders the integration and manipulation of applicayhe "¢ stomer’s viewpoint, the provision of electronic stores

tions a rather.dn‘ﬁcult task. !n this paper we Pfese'f‘““l”e makes comparative shopping possible, allowing customers to
plication Manifoldsystem, aimed at simplifying the intricate 1\ se “compare, and order goods selectively. From the en-
task of_rlﬁtegratlon afnﬂ CUStOP'Za;'.On of e-cpn;mgrc(je appl'E""'trepreneur's viewpoint, the variety of available applications

tions. The scope of the work In this paper is limited 1o Wed- 4o neratas new business opportunities for providing new ser-

enable?l g-commerce ar.;pllcan_ons.\;\l/e do notSL:_ppo_rt the_}?]t jices by integrating, enhancing, or customizing existing e-
gration/customization of proprietary/legacy applications. Thecq e anplications:

wrapping of such applications as web services is complemen-
tary to our work. Based on the emerging Web data standard]l. Comparative shopping services are obtained by integrating
XML, and application modeling standard, UML, the system  several stores, providing the user with a uniform interface
offers a novel declarative specification language for describ-  for posing requests, and having the application interact
ing the integration/customization task, supporting a modular  with the different stores to find the best bargains (for ex-
approach where new applications can be added and integrated ample, see [22,18]).
at will with minimal effort. Then, acting as an application 2. Integration of complementary services may also be use-
generator, the system generates a full integrated/customized ful. Forinstance, existing airline, train, car rental, and hotel
e-commerce application, with the declarativity of the speci-  reservation systems can be combined within one applica-
fication allowing for the optimization and verification of the tion offering an integral traveling service.
generated application. The integration here deals with the full3, Existing applications may also be customized for special
profile of the given e-commerce applications: the various ser-  needs. For example, a pornographic bookstore can be ob-
vices offered by the applications, the activities and roles of  tained from a regular bookstore by supplying a wrapper
the different actors participating in the application (e.g., cus-  that provides the appropriate user interface, restricts the
tomers, vendors), the application flow, as well as with the data  search to the above category, and possibly gives some ad-
involved in the process. This is in contrast to previous works  ditional facility for hiding the customer’s identity.
on Web data integration that focused primarily on querying
the data available in the applications, mostly ignoring the ad-Unfortunately, the diversity of applications in each specific do-
ditional aspects mentioned above. main and the disparity of interfaces renders the integration and
manipulation of applications a rather difficult task: application
Key words: Electronic commerce — Data integration —Appli- data (e.g., store catalogs, form attributes) may have different
cation integration formats, making the collection and comparison of data com-
plex. In addition, the application flow, the roles of the various
The work is supported by the Israel Science Foundation founded byactors participating in the application, and the API may vary
the Israel Academy of Sciences and Humanities and by the Israelvidely among applications, complicating the coordination of
Ministry of Science activities performed in the component applications.
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To some extent, standardization may help here. Indeedyf course, requires the AM view specification language to go
in recent years there has been an intensive effort to developeyond the traditional data-oriented view languages and han-
standards for e-commerce applications in specific domainslle all aspects of the application and not just the data. Conse-
[10,17,28,20]. This however provides only a partial solution: quently, AM introduces a novel rewriting paradigm, enhancing
(i) customization of existing applications to the new standardghe traditional query rewriting with eefinemenmechanism
faces essentially the same challenges as in item 3 above; (igealing with the operational aspects of the application. A ma-
although more uniform, the new standards obviously stillleavgor advantage of the approach is that the addition of a new
some design freedom to the application developers; and (iiijocal source to an integrated application is rather convenient,
one may still want to utilize existing useful applications eventypically requiring only the specification of the source view
if not conforming to the new standards. in terms of the global application (and the supply of a corre-

A satisfactory solution to the integration and customizationsponding wrapper for the source).
of e-commerce applications has to deal with the application

flow and interaction between the various parties participatinq_imi,[(,;‘tiOnS The scope of work in this paper is limited to

inthe business transaction, as well as with the data involved ity o _anabled e-commerce applications. We do not support the
the process. In recent years there has been a significant amoypfe o ration/customization of proprietary/legacy applications.

of research omlataintegration and customization (see for in- Th : P ; :
e wrapping of such applications as web services is comple-
stance, for a very small sample, [11,14,12,37,32,39,21]). The, o yiary to our work. Choosing to describe local application

fOCL.JIS 8|f the\s/\? vl;/orksl,_ hoyvever_,rﬂas gggmuelrymgt_he da;fa s views over a global application (see also discussion in next
available In Web applications. The additional services ofiere ection) has some tradeoffs. The main advantage is that by us-

by the applications, the roles of the various actors participatinqng the global application as a base model and describing local

In t(jr1(tehbu3|n(al§s E_ransfia\ctlon and the |r;|te(act|ondbetweer1tthe pplications in the way they relate to this model, we actually
and the appiication tlows, were mostly ignore (except per- efine the semantic and glossaries of the integrated application
haps for some description of the screen sequence needed to

; fone coherent framework. No further mapping between data
trgversed to qbtaln the searched for data). In contrasA'p)he or methods is needed. However, a resulting limitation is that
plication Manifoldsystem (AM for short) presentedin this pa- o o only use data and method of the local applications, that
per offers an mt_egra_l solution to the |ntegratlon/customlzanonare specified in the global model. For example if a bookstore
problem, covering, in one framework, both the dated the

ional he of licati Th offers a special feature as publishing the TOC, which is notin-
?epnirs:g’v?gefpecmt e of e-commerce applications. The sygy,jeq in the global model, it will not be available for users of

the global integrated application. Similarly, the granularity of

1. A novel declarative specification language for specify-the global application building blocks cannot be more refined
ing the integration and customization task; then, actingthan that of the local ones. For example, if the global appli-
as an application generator, the system generatesna  cation offers a purchasing process consisting of two separate
pleteintegrated/customized e-commerce application, withsteps — (i)submission of delivery information; and (ii) pay-
the declarativity of the specification allowing for the opti- ment — it will not be possible to use a local application where
mization and verification of the generated application. the two actions can only be performed simultaneously in a

2. An infrastructure based on the emerging Web standardsingle screen/command. Thus, to utilize as many local appli-
XML (the eXtended Markup Language [45]) and UML cations as possible, the structure and granularity of the global
(the Unified Modeling Language [41]), for the modeling application should be specified carefully using the available

of the applications data and flow, respectively. knowledge on the relevant local applications.
3. Amodular approach where new applications can be added
and integrated at will with minimal effort. The paper is organized as follows. We start in Sect.2 by

I I _.,_considering related work. Section 3 introduces our data model,
The specification of an AM application then has two parts: thequery language, and application flow model on which we rely

first models the target integrated/customized application withy,; the specification of global and local applications, and the
which the user will interact. (We will refer to this application system architecture. In Sect. 4 we introduce our running ex-
asglobal) The second describes the actual underlying Web,ypje and use it to illustrate various components of an AM
applications and their relationship to the global one. (We will 5 hjication specification. The semantics of such a specifica-
call these applicationcal). A key observation is that local - tjop, js then explained in Sect. 5. The system implementation

applications can be modeled as speciasof the global ap- s giscussed in Sect. 6. Finally, we conclude in Sect. 7.
plication. This is in a sense an adaptation of lfi@rmation

Manifold (IM) paradigm [37], used for data integration, to
the context of e-commerce applications integration (hence the
nameApplication Manifold. In IM, local data is modeledasa 2 Related work

traditional view of the global data. Then, queries on the global

data are processed by rewriting into queries over the local dat&ur data model and specification language are inspired by [1],
A significant difference here is that while IM focuses only on where a system calleiictiveViewsvas proposed for the gen-
dataandqueries AM covers the full profile of e-commerce eration of new e-commerce applications. However, the goal
applications: at execution timall the operations/interaction of our AM specifications (hence, also the semantics of the
of the various actors participating in the global application arespecifications and type of the corresponding generated appli-
rewritten into relevant processing in terms of the local applica-cations) is completely different: while ActiveViews specifica-
tions, (possibly with some additional global processing). This,tions were used for constructimgwe-commerce applications
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from scratch the AM system tackles the integration and cus-to describe XML contents, routing information and design
tomization ofexistingWeb applications; this is not supported guidelines for using XML. The eCo [17] framework driven by
at all by ActiveViews. CommerceNet supports a discovery process of trading part-
ners and the supporting description of processes, documents,
Software integration vs data integratioin recent years, sig- and data elements. E'speak [28] driven by HP deals with the
nificant research effort has focused on software modules condescription of resources but not the contents of the transactions
position and reuse. Much work has been done in the contextr the format of the data within it. Although the last three allow
of object-oriented programming, mainly considering compo-one to use a given set of different standards, they do not handle
nents and frameworks for semi-finished software architecturethe integration of information nor do they support the integra-
[31,40]), including composition models, languages, tools, andion of applications that do not conform to these standards.
methods for constructing flexible software systems. A higher\We will also mention several efforts, based on various stan-
level approach, more suitable for the composition of Web ap-dards, in the area of inter-enterprise workflows: eFlow [29] is
plications, is Megaprogramming [48]. For instance, thea platform that supports the specification, development, and
CHAIMS project [13], handles the composition of remote ser-management of composite e-services. The platform provides a
vices, typically provided by autonomous suppliers. As in AM, mechanism for defining services by composing basic services
the architecture is based on a repository of services includthat conform to standards such as OTP, OBI, RosettaNet or
ing locations, protocols, and data types, and of wrappers foe'speak. The CrossFlow [19] architecture, based on commer-
services not supporting the CHAIMS protocol. However, thecial workflow management systems, supports both contract
focus of work in this area is mainly on the client’s develop- making and services enactment by using service templates.
ing environment, invocation of services, parallel execution,The CMI [16] is a research effort aimed to expand and com-
scheduling, and parameter handling, while the actual integraplement traditional workflow with a new collaboration tech-
tion of data manipulated by the modules and the profile of thenology that supports the coordination of activities and provides
associated e-commerce applications are mostly ignored.  process-based application integration. These projects, like the
Data integration has been the focus of much recent reframeworks described above, are also limited to integration of
search [11,14,12,37,32,39,21]. However, the emphasis waapplications that conform to standards, and have no support
on queryingthe data available in Web applications. The ap- for data integration.
plication flow, when considered, is mostly limited to the nav-
igation process needed for extracting dynamic web contentocal-as-view vs global-as-viewThe AM paradigm is an
(data extracted by filling multiple forms) [21]. Following these adaptation of the Information Manifold (IM) approach [37],
lines, many commercial Web sites, like comparative shoppingised for data integration, to the context of e-commerce appli-
services, that use the above technology, are not much moreations integration. In IM, local data is modeled as a traditional
than search services; when shoppers wish to perform a pusiew of the global data. A significant difference here is that
chase, they are directed to the merchant web sites (e.g., [18M views cover the full profile of e-commerce applications,
22]). Some sites do provide purchase capabilities (e.g., [49ot just the data. As opposed to the IM paradigm for data in-
5]), but these are often based on pre-agreement with the metegration, where local sources are modeled as views of the
chants, using hard-coded interfaces or maintaining mercharglobal schema, the TSIMMIS project [32] suggests an inverse
catalogs, as opposed to our system which generates a full irparadigm, modeling the global data as a view (composition) of
tegrated Web application in a transparent way that does nahe local data. We have chosen the first approach for its suitabil-
necessarily demand the source site’s cooperation. An excefiy for modular application development, where the integration
tion is [7] that enables both product search and purchase iof new local applications into an existing system is rather con-
multiple sites, and which was released about the same timeenient, requiring only the specification of the source view in
as our prototype. However, since no information is availableterms of the global application and, when needed, the supply
regarding the internal structure of the product, one cannot telbf an appropriate wrapper for the source. This is important in
whether the underlying technology is dedicated specifically toour context since new e-commerce applications are added to
comparative shopping or provides a generic support for applithe Web every day and existing applications are often modi-
cation composition. fied. Reducing the amount of work involved in incorporating
new applications or adjusting to changes is thus an important
Industrial standardizationAs mentioned in the Introduction, factor.
there has been an intensive effort to develop XML standards It should also be noted that, in any case, no matter which
for e-commerce. Some of these standards handle the protepecification direction is chosen (i.e., local as view or global as
cols and the content of the data to be exchanged. This inview), since the information flows in both ways (local data is
cludes various efforts to move EDI vocabularies into XML integrated and passed to the global application, while updated
(RosettaNet, X12/TG3 workgroup and UN/EDIFACT's Sim- global data and user input is sliced and distributed among the
ple EDI) and the cXML [20] driven by Ariba which offersis a local applications), the inverse mapping will be needed as well.
set of lightweight XML DTDs: a simple request/response pro-In our case this is generated automatically — AM introduces a
tocol, definition of purchase order and purchase order responsevel rewriting paradigm, enhancing the traditional maximal
transactions, and the definitions for catalog data. Howeveryiew rewriting with arefinemenmechanism dealing with the
each requires that all participating partners obey their uniqu®perational aspects of the application. In addition, for the data
single standard. There are also several competing efforts tpart, most of the previous work on maximal view rewriting
develop frameworks that support multiple standards: BizTalkhas been in the context of relational data. Works dealing with
[10] driven by Microsoft focuses on an envelope to be usedmore complex data models, like semi-structured and OODB
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Application applicationname systems are used for constructing e-commerce applications. It
o o o is important to note however that the goal, hence semantics,
Actor actor-kind in application applicationname here is different: in [1] specifications are used for construct-
data specification ing newe-commerce applications froseratch with data and
methods specification methods coming from a given database system (e.g., a new

activities specification

s L electronic bookstore with a catalog and customer information
application flow specification

stored in a specific database). Hence daga part, for ex-
ample, describes which part of the given database is viewed
by each actor, and thmethodspart provides the code for
the methods available for the actor. In contrast, AM specifi-
Fig. 1. Application specification cations describe the integration and customizatiom»a$t-
ing Web applications (e.g., the integration of several existing
electronic bookstores into one giant bookstore). Hence the
data, considered only exact query rewriting [8] (rather thandata/methods/activities/flow parts of the specification describe
maximal) and query containment [38]. A contribution here is how the data/methods/activities/flow of the integrated global
the consideration of maximal view rewriting in the context of application are realized in terms of the corresponding local
XML data, providing executable queries to combine data fromones. To prevent confusion it should also be noted that while
several XML sources. both [1] and AM use the termgiew, the context and usage is
completely different: while the first uses traditiontitabase
viewsfor describing the portion of the database that is avail-
3 Preliminaries able for the actors participating in the application, AM uses
application viewgor modeling the local applications as views
Handling e-commerce applications from different sources re-of the global integrated application.
guires a common framework in which the various applications  Before describing the syntax and semantics of the lan-
and their data can be presented and modeled. As demonstratgdage, we give some minimal background on: (i) XL
in[1], atypical e-commerce application can be abstractly mod-standard used for the modeling of data; andWiL and the
eled by specifying the kinds of actors participating in the ap-State Chart$ormalism that will be used throughout the paper
plication and for each actor describing: (i) the data availablefor the modeling of application flows. Then we present the
for the actor and its access rights; (ii) the possible operationgrchitecture of thépplication Manifold(AM) system which
(methods) on the given data; (iii) the various activities that therelies on the above.
actor may be engaged in, with the subset of data/operations
relevant for each activity; and (iv) the application flow. To il-
lustrate these components consider an example e-commer8el Data model and query language
application; an electronic bookstore. Typically such a store
involves several types @fctors e.g, customers and vendors. XML [45] is emerging as the new standard for data exchange
It also involves a significant amount dfta e.g., the book on the Web. Since our goal is to support Internet applications
catalog (typically searched by customers) or the promotiorsuch as e-commerce, we chose this emerging technology as
information (typically viewed by customers and updated bythe basis for our work. We will model the applications data
vendors). Observe that each of the actors may utilize differentising XML and use an XML query language for describing
parts of the data (e.g., a customer can only see his/her owthe data portion of the applications view. For lack of space, the
orders and the promotions relevant to his/her category, whil@resentation of XML here is rather brief, mostly via examples
vendors may view all the orders and promotions), each maythat will also serve as a running example in the rest of the
have differentaccess right$or the data (e.g., promotions can paper). Full definitions of XML and the XML query language
be updated only by certain vendors), and may perform differcan be found in [45,24].
entoperations Each actor typically performs seveidtivi- An XML document features tags describing the logical
ties e.g., a customer may leearchingthe catalogprdering  structure of the document. To see an example, consider Fig. 2
books,changinga passed order. Observe that in each of thesavhich shows a fragment of an XML document describing
activities, the actor may be facing a different Web page that book catalog summarizing information from several Web
possibly includes only part of the data and operations availbookstores. The <Category > and </Category >
able to that given actor. Observe also that actions performethgs are used to delimit the information corresponding to one
by an actor in a particular activity may initiate other activi- catalog category. Each category item consists of a sequence
ties/actions. For instance, when a customer orders a produatf tagged sub-items such @ategory _Name Book, etc.
we may want to update the stock; when promotion is updated, An XML document can be typed. This is achieved by
we may want to refresh the customer’s screen with the newneans of a Document Type Definition (DTD). Figure 3 shows

Actor actor-kind, in application applicationname

data. a possible DTD for the document in Fig.2. One can also de-
The form of the general specification of an application fine attributes for certain items (see, e.g.,Reviews item).
(both global and local) is illustrated in Fig 1. In particular, we will use in the sequel the attribute name

The concrete syntax used for each part of the specificaACCESSto specify the allowed access rights for the given
tion of global and local applications is given in the following data items. (Herd&Reviews can be read or added but not
sections. Readers familiar with [1] will notice that to some ex- deleted/modified.) For brevity we will assume that the de-
tent that our AM syntax resembles that of [1] — after all, both fault access right for an item read only and will explicitly
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<Catalog>
<Category>
<Category_Name> Literature & Fiction </Category_Name>
<Book>
<ISBN>12445</ISBN> <Title>Bridget Jones’s Diary</Title>
<Authors><Author>Helen Fielding</Author></Authors>...
<Stores>
<Store> <Storename>BookStore 1</Storename> <Price>$10.39</Price> ...
<Reviews> <Review> Screamingly funny - USA today </Review>
<Review> Unforgettably droll - Newsweek </Review> </Reviews> </Store>
<Store> <Storename>E-BookStore</Storename> <Price>$12.95</Price> ...
<Reviews> ... </Reviews> </Store>
</Stores>
</Book>
<Book> ... </Book>

</(':'a.ttegory>
<Category> ... </Category>

</Catalog>

Fig. 2. The global book catalog

(IELEMENT  Catalog (Category  *) )

(ELEMENT Category (Category _Name,Book®) ) of the language, focusing on simple paths only. This simpli-

(IELEMENT  Book (ISBN,Title, Authors, .., Stores) ) fies the task of data integration (to be explained later) and
é:EtEmgm éf;:‘gf Eg;g*r‘g )§> seems sufficient for the applications that we considered. An-
(IELEMENT  Store (Storename,Price,...,Reviews ) other feature supported by XML-QL are Skolem functions in
(IELEMENT  Reviews  (Review ~)) the CONSTRUCT clause, typically used for the grouping of
E:EIEHE-II\-IT Reviews  ACCESS /igead’a”pe”d) MMPLIED ) several elements into one element. Since grouping can also be

achieved using nested queries[24], we will assume below that
(IELEMENT  Review #PCDATA ) our views use only nested queries.

Fig. 3. The catalog DTD

3.2 Application flow
specify the attribute only when different from the default. In

general, typing is not a mandatory feature in XML, i.e., onewe yseState Chart$33] to describe the application flow and
can have documents, or document parts, without an associp capture the fact that actions performed by an actor in a
ated DTD. However, since most optimization techniques relyparticular activity may initiate other activities/actiofsBe-
on typing, it is realistic to assume that large XML applica- sides providing a rich and flexible visual formalism where user
tions will come with appropriate DTDs. In the sequel, we will activities can be modeled, State Charts suppaefiaement
denote element type definitions using tBkem suffix. For  mechanism (to be described below) that provides convenient
instance CatalogElem  will denote the type definition as- means for the modeling of the integration of applications. State
sociated with the catalog element of the DTD given in Fig. 3.Charts are also part of UML (Unified Modeling Language)
So far, XML does not provide a standard query language(41), the emerging standard for the modeling of applications,
However, there is a major standardization effort in that direc-hence, together with XML, provide a solid basis for our work.
tion[24,46,47]. Our goal here is notto propose anew language e give below a brief overview of State Charts. For a
or to compete against the upcoming standard. Indeed, we irjetailed description see [33,34]. A state chart isigraph
tend to use this standard as soon as it becomes available. {Bee [34]) consisting of rounded rectilinear blobs representing
the meantime, we will rely in this paper on the XML-QL lan-  states, possibly nested and linked by transitions. A simple
guage [24] to query XML documentsror example, the query  state chart is shown in Fig.5. The state names, when sig-
in Fig. 4 searches the global books catalog for books sold byyificant, are written in the small rectangle attached to the
"BookStore 1" and constructs the store’s catalog: Wi¢ERE top of the state (e.gSearchActivity, ShoppingCarhctivity,
clause deSCI‘.ibeS the pattern to be SPTaI’Ched for in the datgearchMethoq_ The arrow emanating from the black dot Sig-
The relevantitems are bound to the variables $X,$Y,$Z,$P,$Qnifies an initial state. A transition is denoted by an arrow and
Then, for each such variable aSS|gnment, a book element Wltrhbe|ed by the name of the event Causing the transition (e_g_,
structure as is the CONSTRUCT clause is constructed. TthtQSGarCMCtiVity, search, browSeThey can also have an
nested query there basically “flattens” the Reviews item, obassociatedyuarding condition— a Boolean expression that

taining book items with structur@ELEMENT BookStorel evaluates to True or False. The transition occurs only if the
-Book  (ISBN, Title,Authors,Price,Category -Name,  guard is True. Guards are written within square brackets fol-
Review *) ) lowing the event name (e.gearchivalid(SearchParamsy) ).

~ XML-QL also supports regular path expressions in addi-A state may have associated actions that are executed on entry
tion to constant labels. For this work we used only a fragmentg the state or upon exit from the state, e.g., when entering the

1 Observe that [1] used the Lorel [3], rather than XML-QL, as 2 In [1] active rules (triggers) were used instead. We have chosen
guery language. The change is not significant and is only for preserhere State Charts since they generalize the active rules in several ways
tation convenience. and are more suitable for the modeling of applications integration.
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<BookStorel_Catalog>
WHERE <Catalog>
<Category>
<Category_Name> $C </>
<Book>
<ISBN> $X </> <Title> $Y </> <Authors> $Z </>
<Stores>
<Store>
<Storename>"BookStore 1"</> <Price> $Q </> <Reviews> $P </>
<> <> <> <[> <[>
IN "GlobalBookStore/catalog.xml"
CONSTRUCT
<BookStorel_Book>
<ISBN> $X </> <Title> $Y </> <Authors> $Z </> <Price> $Q </> <Category_Name> $C </>
WHERE <Review> $R </> in $P
CONSTRUCT <Review> $R </>

<> Fig. 4. XML-QL Query

</>

SearchMethodstate, the methodearch() is executed; then objects to theequest rewriter This consults the specification
the state is exited, and the eveydtaShoppingCarfActivity  of the given application, and rewrites the request into a cor-
is signaled (causing transition to ti8hoppingCarfActivity = responding state chart, expressing the request in terms of the
state). Parallel execution of activities can be described usingpcal applications. Thealidation moduleverifies the correct-
orthogonalstates, graphically separated by dashed lines (seaess of the construction (e.g., the capabilities of the various
e.g., Fig. 22, to be discussed in detail later on). State Chartsources and the adequacy of the passed parameters). The state
also support aefinemenmechanism that allows simple non- chart is then passed to tlapplication manifold enginéor
composed states (e.@earchMethod to be associated with execution. The engine is in charge of communicating with
a detailed state chart describing the actual implementation afhe various sources, passing and receiving data and requests,
the component, hence providing a modular description appliand maintaining information about the current state of each
cations. application. Theresults integratorprovides data integration
The UML State Charts semantics [41] that we use hereservices for the data accumulated in the processing. The en-
assumes that a state machine described by a state chart igine is also in charge of communicating with the user, passing
acts to events applied to it by some external objects. Eventequest results and relevant notifications. The request rewriter
processing by the state machine is partitioned into steps, eacdnd the application manifold engine use an XML repository
of which is caused by an event directed to the state machindomitted from the figure): the AM application specifications
The fundamental semantics assumes that events are processed stored in the repository and the request rewriter consults
in sequence, where each event stimulates a run-to-completiahfor selecting the components relevant to the given request.
(RTC) step. The next external event is dispatched to the stat8imilarly, the repository is used by the AM engine to store and
machine after the previous step is completed. Once an evemhanipulate the data and state information accumulated in the
instance is dispatched, it may result in one or multiple tran-processing.
sitions being enabled for firing. By default, if no transition is
enabled, the event is discarded without any effect.

4 Example
3.3 The application manifold architecture

The AM system is based on a client/server architecture. AlVe will illustrate things throughout the paper using a sim-
AM application consists of several independent clients com-ple running exam@ — a global book store which integrates
municating with the AM server and possibly between themservices offered by several bookstores on the Web. Note that
(via the server) using an XML-based API. Figure 6 showsalthough similar to some of the applications available on the
the various components of one application (obviously, severaiVeb for comparative book shopping (e.g., [22,49]), our em-
such applications may run simultaneously on the server).  phasis here is different: our goal is not to present yet another

As mentioned above, an AM application consists of: (i) acomparative shopping application but rather to demonstrate
(virtual) global application with which the user interacts; and the core technology behind the AM system, which enables
(ii) the (actual) local applications implementing it. The task a declarative specification and generation of arbitrary inte-
of the AM is to accept a request from clients of the first kind grated/customized e-commerce applications (with compara-
and process them by communicating with applications of thetive shopping being just one possible instance). We present
second kind. The communication with the underlying Web ap-below the application specification. The semantics of such a
plications is done via wrappers that translate the standard AMpecification is then explained in the following section. Our
APIrequests to application-specifittpcalls (and inthe oppo-  AM specification will consist of two parts, the first describing
site direction mapping the obtained data to the correspondinthe global bookstore application with which the user interacts
AM XML-based representation). and the second describing the (relevant parts of the) actual

The AM consists of five main components, sketched belowunderlying local bookstore applications and their relationship

The request parsereceives user requests (messages irto the global one. We start with the specification of the global
XML format), parses them and passes the constructed requeapplication.



22 A. Eyal, T. Milo: Integrating and customizing heterogeneous e-commerce applications

goto_Search_Activity goto_SoppingCart_Activity
Search_Activity ShoppingCart_Activity
search[valid(search_pargms)] browse
Search_Method Browse_Method

entry: search(...) entry: browse(...)
exit:signal (goto_ShoppingCart_Activity) exit:

entry: read(catal og)
exit:

Fig. 5. Example of state chart

Application Manifold
i\ U
ser
Request | [ gligation >< Ceer
Web Rewriter
S Wrapper
IApplication \ ¢
Application
: S\ Manifold
. Engine
v T U
Web /
Wrapper
Application P Results
Integrator
Fig. 6. Application manifold architecture
4.1 The global bookstore common catalog : CatalogElem
private searchparams : SearchParamsElem
We define for each actor type participating in the global ap{ °Mmon searctresult: (BookElem)
iaatian- (i ; e ; common shoppingcart : (ItemElem)
plication: (i) the data available for the actor; (ii) the possible common orders : (ItemElen)
operations on the data; (iii) the activities that the actor can be '
engaged in; and (iv) t_hg appllcanon flow. We detail belovy the &Jmmon method _search(searcharams,searchesui)
global Customerspecification. Other actors (e.g., suppliers, common method  browse(...) ’
publishers) can be defined similarly. common method order(...ju

Data and methodsAssume that the data available to a cus- _
tomer includes: (i) a catalog with a structure as in Fig. 3 whichFig- 7- Data and methods of the global customer
can be browsed and searched using the methamgseand

search respectively; (ii) the search parameters (used as input . . e L . i
to the search method); (iii) the search result; (iv) a Shoppmgcommomthelr actual code is not specified in the ActiveView;

cart where items can be added or deleted; and (v) a list of thiStéad they will be implemented by communicating with the
customer pending orders with the methadder to place a  Underlying applications, issuing (possibly a sequence of) lo-
new order for the items accumulated in the shopping cart an al meth.o.ds._ln addition to the methods listed explicitly in
statusto check the delivery status of a pending order. The dat4"€ SPecification, we also have read/write/append/... methods
and operations specification for the customer actor is partialljor the various data elements, according to the access rights
given in Fig. 7. All the data variables except the second one aréPecified in the element DTD.

commonin the sense that their values correspond to (possibly

integrated) values originating in the underlying local applica-Activities and flow.Assume that a customer can be engaged
tions (e.qg., the catalog presented to the user will in fact be thén four activities: (i) login into the system; (ii) searching the
integration of catalog data from the local bookstores. Simi-catalogue; (iii) adding/removal of books from the shopping
larly the global shopping cart is the union of the customer’scart; and (iv) placing an order. From an end-user viewpoint,
carts in the various stores.) In contrastarchparamsis pri- each activity corresponds to a Web page with some data and
vatein the sense that its value is supplied by the user (and majputtons. For instance, ttfgearchActivity page will show the

be passed as input to the underlying applications). Similarlycatalog and the search criteria (to be filled in by the user),
the browse search and order methods here are defined as and some buttons allowing the user to call the search and
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activity — SearcbActivity includes
catalog, searcharams, searctesult
search(), browse(), gatdhoppingCarActivity(), goto.OrderActivity(), quit()
activity  ShoppingCarActivity  includes
searchresult, shoppingart
addto_cart(), removerom_cart(), gotaOrderActivity(), quit() Fig. 8.Activities of the global customer

browse methods, change activity or quit the application. The let  bookstorelkatalog: BookStorelCatalogElem

ShoppingCarfctivity page will show the search result and | be  Queryl

the shopping cart, and some buttons allowing the customer to'ét  quicksearchparams: QSearchParamsElem

add/remove elements from the cart or switch to the ordering P& Query2

activity. This is specified as in Fig. 8. let ISBN.searchparams: ISBNSearchParamsElgm
Finally, the application flow is defined using a state chart: be ..

the default state chart associated with an actor has one state pdft ~ full-searctparams: FSearchParamsElem

activity, entered wheigotaActivityNamesignal is signaled. be ..

Upon entry the values of the activity variables are read. Each—-

activity has substates representing the activity methods. Theyig. 9. variable definitions in the local application

are entered when the relevant method button is pressed, and

the relevant method is executed upon entry. One can customiz&searchParams>
WHERE <SearchParams> <$P> $Q</> </>

this default flow by adding components or refining the flow. IN "GlobalBookStore/SearchParams.xml"
For example, Fig.5 shows part of the default customer state $P in {Title,Author,Keyword}

chart (for brevity some of the methods and activities are omit- ~ €ONSTRUCT <i$§Qa;Q -

ted), customized by adding a guarding condition to the search </>

method (verifying before execution that the search parameterg>

are valid). In addition, once the search is executed, the cus-.

tomer is automatically switched to the shopping cart activity F19- 10-Query2
to be able to add some of the selected items.

Data. The local customer data here includes, among others,

the catalog, the three types of search criteria, the search result,
4.2 Local bookstores and the shopping cart. The structure and access rights are de-

fined by alocal DTD (omitted here) and may differ from that of
Local applications are defined as views over the global applithe corresponding variables in the global application. The vari-
cation. Then, at execution time, the user requests and flow aibles value is defined as a view (query) over the global data,
the global application will be rewritten to actions in terms of basically projecting out the data originating from the given
the local applications, (possibly with some additional globalapplication. This is illustrated in Fig.9 above, where Queryl
processing). is the query of Fig. 4, retrieving the BookStorel portion of the

Assume we are given several local applications which weglobal catalog, and Query2 is the query in Fig. 10, retrieving
will call in the sequel BookStorel,..., BookStoreN. We de- the ‘quick search’ parameters (title,author,keyword), if they
tail below BookStorel (a somewhat simplified version of theexist, from the global search criteria. In general each local
Barnes&Nobel Web site). The other applications (correspondvariable is defined as a query over one variable of the global
ing, for example, to Amazon.com and so on) are treated simiapplication. Recall that we distinguished here betweam-
larly. Upon entry to Bookstorel, the user can search the catamon and private variables (e.g.catalogvs searchparamsg.
log by one of three criteria: title, author, keyword. To activate Following the same terminology we will refer to the local
other types of searches, the user clicks on an ‘advanced searclariables defined by queries over common(private) variables
button getting a Web page where he/she chooses (again, s common(private).
clicking on the relevant buttons) between two possible Web  In addition to the above data variables, which correspond
pages: the first allowing a search by ISBN, and the secondo variables of the global application, the local application may
allowing a search by one or more of the criteria, author title,use some additional local variables: Web applications often
and keyword, optionally restricted by price, format, age, andmaintain information about the user’s state/context in cookies
subject. The various searches return a search result includingnd variables that are passed to the user’s browser and sent
only a short description of the retrieved books. To get moreback to the application server with each user request. To con-
information on a specific book, users need to click on a ‘readinue with our example, assume, for example, that BookStorel
more’ button next to the book, switching to a page containingalso contains (as in the original Barnes&Noble application) the
the full book data, where they can click an "add to shoppinglocal variablesiserid: UidElemandlog:LogElem(here we do
cart” button, adding the book to their cart. not have associated queries).
We next define this local application as a view over the

global application. It should be noted thaaly the relevant Methods, activities, and flomOnce the local data and its re-
parts of the local application need to be specifittk appli-  lationship to the global data is specified, we continue with
cation may feature other data/activities that are not covered bthe methods, activities, and flow. The specification of a local
the global application; these need not be specified. application (just like that of the global one) lists the applica-



24 A. Eyal, T. Milo: Integrating and customizing heterogeneous e-commerce applications

sear ch[valid(sear ch_params)] i

’ Search_Method
( @ goto_Advanced Search_Activity
’ Quick_Search_Activity ‘ v ’ Advanced_Search_Activity ‘ \L
e N N
qUiCk search() gOtO_l SBN_Search_Activity
| Quick_Search_Method | \L | 1SBN_Search_Activity | l
entry:search() entry:1SBN_search()
exit:signal(goto_More _Details Activity) exit:signal(goto_More _Details Activity)
entry:if valid(quick_search_params) goto_Full_Search_Activity
signal (quick_search())
else signal(goto_Avdanced_Search_Activity) ’ Full_Search_Activity ‘
J
entry:full_search()
exit:signal(goto_More_Details Activity)
entry:if valid(ISBN_Search_params)
signal(goto_|SBN_Search_Activity)
. . else signal(goto_Full_Search_Activity)
,,,,,, goto_More Details Activity . - -
More Details Activity © y
goto_Read_More_Activity
’ Read More_ Activity ‘
entry:read_more(cursor) goto_exit
exit: if (cursor=select next book from Bookstorel _search result)>0 -
signal(goto_Read More Details Activity) v
else signal(goto_exit) 1 @
entry: cursor=select first book from Bookstorel_search_results 3
,,,,,,,, signal(goto_Read More Details Activity) Fig. 11. Refinement for
- ~/ searchmethod

tion’s methods, activities and flow, in a similar syntax. (As in the global search parameter. The added control here basically
the case of data, only the methods/activities/flow relevant tovalidates the value of the three possible local search param-
the global application need to be specified.) The relationshipeters (i.e., the result of the corresponding view queries) with
between the global and the local ones is specified via the Statespect to their DTDs, and executes the first applicable local
Chartsrefinemenimechanism: first, with each global activity search. Now, since the search in BookStorel returns only a
A we associate some local activityd). Now, recall that each  short description of the retrieved books, and since further de-
of A’s methods was represented in the state chart of the globdhils can be obtained only for one book at a time, the added
applications by a (simple) stat,,. These states are now re- control also includes a new statddre DetailsActivity), be-
fined to include the relevant subset of the local application’ssides the original BookStorel states, realizing a ‘read more’
state chart, augmented with some additional control describiteration over the retrieved books.

ing the specific flow required for capturing the global method, = Upon completion we go back to the initial state, ready to
and having(A) as the initial and final states. execute additional activity methods.

Example 1.To illustrate this consider, for example, thearch

method of the globaBearchActivityin Fig. 5. Figure 11 above Example 2.To see a less ‘query-oriented’ example, consider
shows a possible refinement of st@earchMethod with ~ theShoppingCarfctivity and a methodddto.cart that adds
I(SearchActivity) = QuickSearchActivity. The bold letters @ list of books to the cart. Since in BookStore1 only one book
and solid lines of the refinement describe the original rele-atatime canbe added (and this can be done only once the book
vant portion of BookStore1'’s state chart, while the dotted lineswas searched for and its full details requested and displayed),
and italic letters describe the additional specific control imple-the refinement will include an iteration (similar to the one
menting the local version of the global method. Recall from theabove) over the sub-list relevant to BookStorel (defined as
beginning of the subsection that BookStore1 has three possxplained above as a view over the global list), with each loop
ble search activities (quick, ISBN, and detailed), with the userealizing a sequence of BookStorel activities: retrieving the
starting at the quick search screen and, if desired, moving to th@iven book (e.g., viaan ISBN search), obtaining its full details,
other two types. In addition, recall that the three corresponding@nd then adding it to the actual (local) BookStorel cart (see
search parameters were defined above as views (queries) oveld. 12).
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Example 3.Note that while the examples above relate local5.1 Data
and global actors playing essentially the same role (customer

in both cases), this is not obligatory: one can use the samgpjications contain two types of variablgsjvateandcom-
mechanism to relate global and local data/activities of arbi-non The value of private variables (e.gearchparams in
trary types of actors. For example, in our global applicationihe giobal application is supplied by the user. The value of the
a customer may add reviews to the catalc_)g. If in BQOKStore]corresponding variables in the local applications (ggick
only certain vendors are allowed to modify the reviews, thesearchparams, ISBNsearchparams, fullsearchparams is

customer’s global ‘add reviewg’rnethod can be associated Wi”&omputed by simply evaluating the queries associated with
the relevant local vendor’s activity, and refined by a state chare yariables.

describing the necessary flow to be performed on behalf of  F5 common variables (e.gcatalog, the computation
the vendor. Furthermore, one can realize a global method byg,ys in the other direction: their values originate from the
a combination of activities involving several types of local corresponding variables in the local applications (dagak-
actors. storelcatalogin Bookstorel). Then, following the Informa-
tion Manifold approach [37], the value of the corresponding

Example 4.Our framework can also be usedeohancexit a\rariable in the global application is defined to be thaximal

ing applications with new services. For example, assume th ow rewritinafor the variable. given the views in the local
to assistusersin deciding where to buytheirbookswewantto\.’I W rewriting var » gV VIEWS |

(i) give the users a ‘cheapest bargains’ summary of the Searcﬁpplic_ations (which basica_llly means that the global _variable
result: and (if) record for each user his/her order history, allow-contains as much relevantinformation as can be obtained from

. . e . the corresponding local variables.)
ing him/her to annotate the list with comments regarding the Before explaining this further, let usfirst recall the standard

(dis)satisfaction of the given services. Now our global appli- , ..~ : . L .
cation hagseal coded methods in addition to those defined by definition ofmaxmal view rewntmg‘rgm the relational data
refinement (e.g., a methatheapesbooks calling searchand mo ddel [26]. Given a];elt?]tloﬂ, sqmel viewd’, 7t Va ofverR,
then querying the obtaineskbarchresultto find the cheapest and a qu/er)Q gyer , the maximal view rewriting O.Q 's_ .
stores), andeal data stored in the system’s XML repository, in a quertyQ tg"’.‘t' (.') usdes_.pnly t?e. VIEWS astrI]EDB relat/rcrrrrs,t (i
addition to the virtual data coming from the underlying appli- IS gofr} aine |rdQ,__an (iil) contains any other quey” tha
cations. Variables in the global application can now be defineda!' |e.s.(|) an ,(")‘ .

Intuitively, Q' computes as much as possible of the answer

as views over this repository data, e.g., to @ based on the information given in the views. To see the

let  customenrdethistory: AnotatedOrderElefn connection to our XML context observe that: (i) XML docu-
be WHERE <AnotatedOrd><Usid> $U </></> ELEMENT _AS $X .
IN XML_repository/OrdHist.xm ments are often modeled as edge-labeled graphs (with .nodes
$U =self.id representing the document elements, edges representing the

CONSTRUCT <AnotatedOrd> $X </> “component of” relationship among elements, and with the

User requests for real data/methods are then served by thexlges labeled by the type of the pointed item, or with a data
XML repository, while the virtual ones are delegated by thevalue, for the atomic leaf elements) [3, 24]; and (ii) such graphs
AM engine to the underlying Web applications. can be described by amlgerelationR( from, label, to), with
o o gueries being modeled as mappings of such input edge rela-
Remark. One may wonder how difficult is it to model local tjons to output one$Now, letw, be some common variable in
application and define the above refinements. It is importanfnhe global application (with corresponding edge relatity)
to note that specifications do not require any knowledge ofand letw,, ..., u, be the corresponding source variables in
underlying implementation of the local applications, but only the |ocal applications, described as views owewith edge
a rather simple analysis of their Web interface: Web pageselationsR,,, , ..., R.,). The value of: can be defined to be
or frames are naturally modeled as activities, page data anghe maximal view rewriting of?, USingR,,,, ..., Ry, .
form fields as data VariabIeS, and buttons as methods. The Note however that we are not interested here |n construct-
flow in the refinement is then essentia”y a description of aing arbitrary maximal XML documents for our g|oba| vari-
typical usage of the Web interface. In the next two sectionsaples: first, we are primarily interestedvalid documents —
we explain the semantics of the specification. Then we giveecalling that each variable has an associated DTD, we want
a detailed example of the modeling process and the runtimgne obtained documents to be valid with respect to this DTD.
operation in Sect. 6. Second, we may be interested in documents that obey some
additional structural restrictions — for example, in our global
) book catalog, we want to have a unique category entry for
5 How things work each category name. (i.e., no tW@ategory) elements can
) o _have the sam@ ategory-name) value). Consequently, what
Now that we have illustrated how AM applications are speci-ye really want is a rewriting that is maximal with respect to
fied, we need to explain the semantics of such a specificatiorygcuments satisfying the constraints.
As shown above, the specification of the local applications Again, to understand this, lets go back to the relational
consists essentially of two parts, the first modeling the localmgdel, where maximal view rewriting has been studied for

data variables as views (queries) over the global variables, angatabases obeying constraints in the form of functional depen-
the second modeling the local application flow as a refinement

of the global one. We will start by considering the more stan- 2 The order among sibling elements can be captured by an ad-
dard part — the data variables. Next we will consider the flowditional order relation. To simplify the presentation we ignore this
and explain how the two parts work together. here.
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add_to_cart[valid(books list)] i

e ‘ ®
; Bookstorel,_shoppingCart Activity vy

— goto I SBN_Search_Activity
’ISBN_Seerch_Acnvnty ‘

entry:1SBN_search(cursor)

exit: signal(goto_Read More_Activity)

— goto_Read_More Activity
’ Read_More_Activity

[entry: read_more(cursor) ]

exit:signal(goto_ShoppingCart_Activity)

oto_ShoppingCart_Activit
’ShoppingCart_Activity‘ l goto_shopping - y

entry:add_to_cart(cursor)
exit: if (cursor=select next ISBN from Bookstrel_book_list)>0
signal(goto_|SBN_Search_Activity)

) - goto_exit
else signal(goto_exit) ;
y
entry:cursor=select first ISBN from Bookstorel_books list @
signal(goto_ISBN_Search_Activity)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Fig. 12. Refinement for
- ~/ addto.cartmethod
ALGORITHM  Global variable computation
INPUT AM specification, set of functional dependencies, local variables ULy ey Un
OUTPUT global variable u
Step 1 For each variable w; defined by a query Q@Q;, construct an inverse query Q5.
Step 2 Annotate items in Q! with Skolem functions to capture the functional dependencies. . .
Step 3 For 4i=1...n, compute the annotated Q5 on wu;. Flg_' 13.Global variable compu-
Step 4 Merge the results to obtain a canonical value for u. tation

dencies [27]. To capture this, the definition of maximal view on the id of its parent), and the second, modeling cases where
rewriting was adjusted so that query containment is tested onlyhe id of an element functionally depends on the id of some
with respect to databases obeying the given dependencies. lof its subcomponents. Figure 13 describes the algorithm for
terestingly, many of the constraints we are interested in hereomputing the value of a global variable. We explain it below
can be viewed as functional dependencies between documeand illustrate it with an exampte.
elements. For example, aDTD requirement, say, thBak)
element contains on@ SBN) sub-element, amounts to the Step 1: inverse querieslt was observed in [26] that, in the
fact that the identity of the ISBN element in the documentcase of relational conjunctive views and queries, the maxi-
graph functionally depends on the id of its parent book item.mal view rewriting can be obtained by generating for each
Similarly, in our catalog, the identity of thgategory) node  view someinverse rulescomputing the portion of the global
functionally depends on the value of i§'ategory-Name)  relation that is captured in the view. The key observation is
child. that since we use here only a fragment of XML-QL includ-
Modeling our document constraints as functional depen-ng, in particular, only simple paths, our views are essentially
dencies allows us to harness the techniques from the relationgbnjunctive queries over the edge relation, and, hence, simi-
world for computing our global variables. We will focus here |ar inversion principles as in [26] apply. Adapting this to our
on the above two types of functional dependencies, the first Z o
modeling a DTD requirement for a given element to contain ~ Clearly notall constraints imposed by a DTD can be modeled by
only a single occurrence of a sub-component of a certain typéuch functional dependencies. The pro'ble_m of maximal view rewrit-
(hence the identity of the subcomponents functionally dependé‘gcthst fully captures document validity is an open problem, see
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WHERE <BookStorel_Catalog>
<BookStorel_Book>
<ISBN> $X </> <Title> $Y </> <Authors> $Z </> <Price> $Q </> <Category_Name> $C$ </>
</> CONTENT_AS $P’
</> IN "BookStorel/bookstorel_catalog.xml"

CONSTRUCT <Catalog ID=S_Catalog()>
<Category ID= S_Category($C)>
<Category_Name ID=S_Category_Name(S_Category($C))> $C </>
<Book ID=S_Book($X)>
<ISBN ID=S_ISBN(S_Book($X))> $X </>
<Title ID=S_Title(S_Book($X))> $Y </>
<Authors ID=S_Authors(S_Book($X))> $Z </>
<Stores ID=S_Stores(S_Book($X))>
<Store ID=S_Store(S_Stores(S_Book($X)),"BookStorel")>
<Storename ID=S_Storename(S_Store(S_Stores(S_Book($X)),“BookStorel1"))>
"BookStore 1"</>
<Price ID=S_Price(S_Store(S_Stores(S_Book($X)),“BookStorel")> $Q </>
<Reviews ID=S_Reviews(S_Store(S_Stores(S_Book($X))," BookStorel1"))>
WHERE <Review> $R </> in $P’ . .
CONSTRUCT <Review> $R </> Fig. 14. The inverse query for

<> <> </> <> <> <[> Queryl (appearing in Fig.4)

<BookStorel_Catalog>

<BookStorel_Book>

<ISBN> 0735710201 </>

<Title> Inside XML (Inside) </>

<Authors> Steven Holzner </>

<Price> $39.99 </>

<Category_Name> Computers </>

<review> Great Comprehensive Guide to XML, November 27, 2000 </>
</>
<BookStorel_Book>

<ISBN> 1861003412 </>

<Title> Beginning XML </>

<Authors> Kurt Cagle, et al </>

<Price> $31.99 </>

<Category_Name> Web Development </>

<review> This book is definitely very good for beginners. </>
</>

< Fig. 15.BookStorel’s catalog variable

context we generate for each local variabledefined by a  of the elements. (this will be explained below). The WHERE
query@; aninverse queryy’ by basically switching the roles andthe CONSTRUCT clauses of Query1 are switched, and the
of the WHERE and CONSTRUCT clause of the query. Therenested query (with its WHERE and the CONSTRUCT clauses
are two delicate points here. also switched) is moved to the (new) CONSTRUCT clause,

e First, the WHERE clause may contain some variablebelng switched with its source variae>.

names that do not appear in the CONSTRUCT. (This is

analogous to the case vyhere the body (?f a conjunctivi tep 2: Skolem function3o capture the restrictions imposed
query contains some variables no appearing in the head

As in the case of conjunctive queries, when the guery is in- y the given functional dependencies, we associate with each

verted and the roles of the WHERE and the CONSTRUCT <Stcted elementEname) in the CONSTRUCT clause a

clauses are switched, those variables are simply replaced kolem functionSgname determining the element ID as a
! plyrep flinction of the elements on which it depends. Again, this is

;Bﬁg{%’;’] %gwg;wa?;ncéay;?aa@E:206r]respondlng SI(Oleman adapt.ation of the relat?onal treatment for funqtional de-
e Second, we need to handle nested q.ueries Recall fro endencies of [27], equating elements that functionally de-
Sect 3 1 that a nested query is essentially ;:omposed @end on the same values: Skolgm functions are used in XML-
two ;.)a.rts A variable in the WHERE clause that defines L to control how the resuit is produced and grouped. In

: Fig. 14, whenever dCategory) is produced, its associated

the scope of the query (e.g., the variable in the query Di -
i ; . . is S_Category($C). S-Category($C) is a Skolem func-
in Fig.4), and nested query over this variable in the CON'tion, and its purpose is to generate a new identifier for ev-

STRUCT clause. When inverting the query we also InVertery distinct values o$C. If, at a later time, the query binds

the role of these two parts: the nested queryinthe old CON-$C to the same value again (e.g., by finding another book

STRUCT clause (which now becomes a WHERE clause)of the same category), then the query will not create another

:zrrleflatcr:lednby ta gew V?nable n:;lrrgie V\:ﬂjotie S?ri/p(?tlséhﬁ 'tetgg'ategory) element, but instead will append information to
ere the nested query appeared, a e (inverted) nes e existing{Category). Thus, all the(Book)s of that cat-

werlesEmoveld to th;ehnev;/dCONSTRL,!C;; (previously the egory will be grouped under the san@ategory) element.
). replacing the old scope variable. The(Category_Name) element has a single occurrence since
To continue with our example, the inverse of Queryl fromits id depends on the category id. Note that in this example the
Fig.4 is givenin Fig. 14 above. Ignore for now the ID attribute only non-constraint elements are thReview)s. They thus
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<BookStore2_Catalog>
WHERE <Catalog>
<Category>
<Category_Name> $C </>
<Book>
<ISBN> $X </> <Title> $Y </> <Authors> $Z </>
<Stores>
<Store>
<Storename>"BookStore 2"</> <Price> $Q </>
<[> <[> <[> <> <[>
IN "GlobalBookStore/catalog.xml"
CONSTRUCT
<BookStore2_Book> Fig. 16. Query 2: Book-
<ISBN> $X </> <Title> $Y </> <Authors> $Z </> <Price> $Q </> <Category_Name> $C </> Store2’s catalog as a query
<[>

</> over the global catalog

WHERE <BookStore2_Catalog>
<BookStore2_Book>
<ISBN> $X </> <Title> $Y </> <Authors> $Z </> <Price> $Q </> <Category_Name> $C$ </>
</>
</> IN "BookStore2/bookstore2_catalog.xml"

CONSTRUCT <Catalog ID=S_Catalog()>
<Category ID= S_Category($C)>
<Category_Name ID=S_Category_Name(S_Category($C))> $C </>
<Book ID=S_Book($X)>
<ISBN ID=S_ISBN(S_Book($X))> $X </>
<Title 1D=S_Title(S_Book($X))> $Y </>
<Authors ID=S_Authors(S_Book($X))> $Z </>
<Stores ID=S_Stores(S_Book($X))>
<Store 1D=S_Store(S_Stores(S_Book($X)), ‘BookStore2")>
<Storename |D=S_Storename(S_Store(S_Stores(S_Book($X)),“BookStore2"))>
“BookStore 2"</> ; :
<Price ID=S_Price(S_Store(S_Stores(S_Book($X)), " BookStore2"))> $Q </> Flg' 17.The inverse query
<> <> <[> <> <[> <[> for Query2

have no associated Skolem function and a f&awview) is rithm. We first apply the two inverse queries on the correspond-

produced for each distinct assignment for the query variablesng local catalog variables. The results are given in Figs. 19 and
20, respectively. Notice that the Skolem-based ids assigned to

Steps 3 and 4: variable computatiohlow, given the inverse the items are important even before the results are integrated:

queries for all the variables in the local applications, we con-for instance, the output of each of the two queries contain

struct a single canonical value for the global variabl@his  only oneCatalogelement rather than the two that would be

is achieved by evaluating the inverse queries for allitfie  generated if no Skolem functions where used. Similarly, the

and “fusing” all the elements with the same id into a single result of the second inverse query (Fig. 20) contains a single

element. For instance, in the above example, for each boolCategoryelement with the nam€omputersrather than the

all the catalog data coming from the various local applicationstwo that would be created in the absence of Skolem functions.

will be grouped under the sani@ook) element (since the id Finally, we run the forth step of the algorithm and merge
of the book element is defined to be a Skolem function of thethe results of the queries into an integrated global catalog by
book’s ISBN, which is the same in all sources). fusing elements with identical id’s. The result is described

in Fig. 21, where, for clarity, the identifiers are omitted from
Example of data integrationTO illustrate the actual data inte- the integrated Cata|og, (as they are not rea”y part of the data
gration process, assume we have two book stores, BookStoreghd are only used for grouping and fusion.) Intuitively, the
and BookStore2, each with its own books catalog, and considghtegrated catalog is the maximal one could obtain given the

their integration into a global catalog. As before, assume thagources — it contains all the available books information with-
the relationship between the global catalog variable and thagyt redundancies.

of BookStorel is defined using Queryl (appearing in Fig. 4),
and let Fig. 15 describe part of the actual catalog content oRemark on consistencyThe above algorithm assumes the
BookStorel. consistency of the data sources with respect to the given set
Next, consider the catalog variable of BookStore2. Natu-of functional dependencies. In practice, although each source
rally, it may have a different structure than that of the first bookmay individually obey the constraints, (e.g., books’ISBNs de-
store, so assume for example that it does not contain book ré¢ermine their title), they may not be preserved globally due to
views. The relationship between the global catalog variablesrrors or different writing standards, (e.g., a book with the
and that of BookStore2 is defined using the query in Fig. 16 same ISBN may have distinct titles in different stores due to
As we did for BookStorel, we define a corresponding inversespelling mistakes or shorthand notations.) Fusion (in step 4)
query for the variable (see Fig. 17). Notice that as this source®f such inconsistent data may produce multiple values for an
contains no Review items, the query (and thus its inverse tooitem, rather than the single one required by DTD. When this
is not nested. Finally, Fig. 18 describes part of the actual conis the case, we present the alternative values to the user and let
tent of BookStore2’s catalog. her/him chose. Automatic resolution of inconsistencies[42],
To conclude the example we need to see how the two catabased, for example, on linguistics analysis and source relia-
logs are integrated, namely, execute steps 3 and 4 of the algdility, is planned to be incorporated in the future.
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<BookStore2_Catalog>

<BookStore2_Book>

</>

<ISBN> 0735710201 </>
<Title> Inside XML (inside)</>
<Authors> Steven Holzner </>
<Price> $34.99 </>
<Category_Name> Computers </>

<BookStore2_Book>

<ISBN> 0672320541 </>

<Title> Applied XML Solutions</>
<Authors> Benoit Marchal </>
<Price> $35.99 </>
<Category_Name> Computers </>

be executed upon user request. The state chart being built for
each method call is precisely the refinement described above,
with each orthogonal state corresponding to one local appli-
cation. In principal, rather than running all local applications

in parallel, the request rewriter could decide, for optimization
reasons, to serialize the requests to certain web sites as a re-
sult of validation checks or optimization considerations. For
example, a serialization policy may be adopted to eliminate
redundant execution if the necessary information is already
fetched from other sites. While the current implementation is

<> fully parallel and does not support this type of optimization,
we plan to further investigate the issue and add this in the next
version of the system.

Once constructed, the refined state chart is passed to the
AM engine for execution. Recall that in each such refinement,
part of the state chart describes actual activities of the local

Remark on optimizationThe current default in the system applications (the solid lines and bold text in Fig.11), while
is that the global variables are fully computed wheread part describes the added control needed for implementing the
for the variable is requested (See be|ow)_ For certain app|icag|0bal method (the dotted lines and italic textin Flg 11) When
tions this may be redundant: consider for example the globai"® AM engine runs the state chart, the bold-text parts are
book catalog. When browsing the catalog, the user will typi_executed b_y communicating wnh the local applications, whlle
cally visit only a few entries and then will stop either becausethe controlin the italic-text parts is executed by the AM engine
the needed data is found or because he/she decides to call theelf. )

search method for issuing a particular search. In this case itis /N between consecutive user requests, the AM system
better to view the above variable value definition as virtual andnaintains thepplication contextfor both the global and local
employ lazy evaluation [8], computing the relevant elements@pplications. This mcludes the appllcat|on_state and.the_ cur-
only as the user navigates into the data. To overrule the defaulfent value of all variables for all the actors in the application.
one can use two specific kinds of read modes, nardefgrred he variables and states are augmented with expiration time
reador immediate readThe first instructs the system to com- @nd stored in the XML repository. When a user issues a new
pute elements only on demand, while the latter indicates thaeguest within a reasonable time to the given application, the

elements should be computed immediately when encounteref€lévant state machines resume the states they last had at any
depth within the composite states and all variables values are

restored. Then the request state machine is run starting from
5.2 Activities and application flow this point.

</>

Fig. 18.BookStore2’s catalog variable

Recall from Sect. 3.2 that the activities and flow of each actor
in the global application are modeled by a state chart, with5.3 All together
user requests interpreted as events in the corresponding state
machine. Now, at execution time, the State Charts refinemento conclude, we explain how the the flow part and the data part
mechanism is employed: on each user request (method calljyork together. Recall from the previous subsection that we dis-
rather than activating the relevant global state, its local retinguish between two types of variabl@sivateandcommon
finements are executed. Observe, however, that typically eactie first originating in the global application, while the second
global method (state) may have several such refinements, orwiginates from the local ones. When a private variable needs
per local application. In the computation, the multiple refine-to be passed to a local application, its value is computed (as
ments are viewed as orthogonal states and performed in paexplained above), from the corresponding global variable, and
allel. vice versa, when a read request for a common variable is is-
To continue with our example, consider $earchmethod  sued by the global application, its value is computed from the
of the global bookstore (modeled by the simple statecorresponding local variables. The data in the global applica-
SearchMethodin Fig. 5). A method call results in running the tion is obtained by check-in/check-out, e.g., explicit calls to
compound state machine in Fig. 22 which includesrthog-  the globalread andwrite methods. Thus, in general changes
onal states representing the refinementSedrchMethodfor are notimmediately propagated. (However, the freshness level
the local applications BookStorel,...,BookStoreN. Note thatof data can be controlled by the programmer, specifying in the
in general, some methods may not be supportedlbyhe  DTD the desired read/write frequency.)
local applications. For example, BookStorel may support a
catalog search but not an arbitrary browsing of its catalogRead: observe that the data in local applications may be up-
(hence its specification may contain no refinement for thedated from outside the AM system, e.g., via its direct Web
BrowseMethodof BookStorel). The constructed state chartinterface. Thus, each globadadrequest is refined to a fresh
contains only the applicable refinements. local read of the corresponding local variables. Then the sys-
To see the connection with the AM system architecture,tem computes the value. There are two possible optimizations
recall from Sect. 3.3 that thRequest Rewritemodule of the  that we plan to incorporate in the next version of the system:
AM is responsible for constructing the state chart portion to(i) some Web applications (e.g., [1]) supporhatification
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<Catalog ID=S_Catalog()>
<Category ID=S_Category(*Computers")</>
<Category_Name ID=S_Category_Name(S_Category(“Computers"))> Computers </>
<Book ID=S_Book(0735710201)>
<ISBN ID=S_ISBN(S_Book(0735710201))>0735710201 </>
<Title 1D=S_Title(S_Book(0735710201))>Inside XML (inside)</>
<Authors ID=S_Authors(S_Book(0735710201))>Steven Holzner</>
<Stores ID=S_Stores(S_Book(0735710201))>
<Store ID=S_Store(S_Stores(S_Book(0735710201)),“BookStorel")>
<Storename |D=S_Storename(S_Store(S_Stores(S_Book(0735710201)),“BookStorel1"))>
“BookStorel"</>
<Price ID=S_Price(S_Store(S_Stores(S_Book(0735710201)),“BookStore1"))> $39.99 </>
<Reviews ID=S_Reviews(S_Store(S_Stores(S_Book(0735710201)),“BookStore1"))>
<Review>Great Comprehensive Guide to XML, November 27, 2000</>
<[> <[></>
<Category ID=S_Category(“Web Development")</>
<Category_Name ID=S_Category_Name(S_Category(“Web Development"))> Web Development </>
<Book ID=S_Book(1861003412)>
<ISBN ID=S_ISBN(S_Boo0k(1861003412))>1861003412 </>
<Title ID=S_Title(S_Book(1861003412))>Beginning XML </>
<Authors ID=S_Authors(S_Book(1861003412))>Kurt Cagle, et al</>
<Stores ID=S_Stores(S_Book(1861003412))>
<Store ID=S_Store(S_Stores(S_Book(1861003412)),“BookStorel")>
<Storename |D=S_Storename(S_Store(S_Stores(S_Book(1861003412)),“BookStorel1"))>
“BookStorel"</>
<Price ID=S_Price(S_Store(S_Stores(S_Book(1861003412)),“BookStorel"))> $31.99 </>
<Reviews ID=S_Reviews(S_Store(S_Stores(S_Book(1861003412)),“BookStore1"))>
<Review>This book is definitely very good for beginners.</>
<[> <[> <[> <[></>

Fig. 19.The result of applying the first inverse query on BookStorel’s catalog variable

<Catalog ID=S_Catalog()>
<Category ID=S_Category(*Computers")</>
<Category_Name ID=S_Category_Name(S_Category(“Computers"))> Computers </>
<Book ID=S_Book(0735710201)>
<ISBN ID=S_ISBN(S_Book(0735710201))>0735710201 </>
<Title ID=S_Title(S_Book(0735710201))>Inside XML (inside)</>
<Authors ID=S_Authors(S_Book(0735710201))>Steven Holzner</>
<Stores ID=S_Stores(S_Book(0735710201))>
<Store ID=S_Store(S_Stores(S_Book(0735710201)),"BookStore2")>
<Storename ID=S_Storename(S_Store(S_Stores(S_Book(0735710201)),“BookStore2"))>
"BookStore2"</>
<Price ID=S_Price(S_Store(S_Stores(S_Book(0735710201)),"BookStore2"))> $34.99 </>

<[> <[>
<Book ID=S_Book(0672320541)>
<ISBN ID=S_ISBN(S_B0ok(0672320541))>1861003412 </>
<Title ID=S_Title(S_Book(0672320541))>Applied XML Solutions</>
<Authors ID=S_Authors(S_Book(0672320541))>Benoit Marchal</>
<Stores ID=S_Stores(S_Book(0672320541))>
<Store ID=S_Store(S_Stores(S_Book(0672320541)),“BookStore2")>
<Storename ID=S_Storename(S_Store(S_Stores(S_Book(0672320541)),“BookStore2"))>
“BookStore2"</>
<Price ID=S_Price(S_Store(S_Stores(S_Book(0672320541)),“BookStore2"))> $35.99 </>
<[> <[> <[> <[>

Fig. 20.The result of applying the second inverse query on BookStore2’s catalog variable

mechanism which allows notifying the AM engine on changesfrom the global application to the local ones. The local data
to the local data. Recording such notifications will allow the is defined as a view over the global data. By default, a global
AM engine to avoid redundant reads; (ii) rather then fully re- write is refined to a local write with the new value for the view.
computing each time the global value, we can compute thé\gain, this can be optimized. If the system maintains the delta
delta between the new and old local values (using e.g., a difbetween the old and the new value for the global variable,
algorithm as in [44]) and only propagate the change. Recalhn incremental evaluation of the views can be performed in
from Sect. 5.1 that we construct an inverse query for each locahe style of [2]. Besides computational efficiency, incremental
variable and compute the value of global variables by mergingvaluation has two additional advantages here:
the results of those queries. This allows us to view the global
variable as a view of the local data (although the original spec-1. Since we are in a client server architecture, sending the
ification was reversed — local variable were defined as view of ~ delta instead of the entire value may result in large saving
global ones!). Thus, the problem at hand is that of propagat- in communication.
ing updates from the database (the local data) to the view (the2. The second issue is access rights. Consider for example
global variable), which can be performed in the style of [2]. the variablecatalogin the Customerglobal application,

and assume that some reviews are appended to a given
Write: when a variable in the global application is modified book and awrite is issued for the catalog. Assume that the
and awrite is requested, we have to propagate the change access rights oBookStorel_catalog, as declared in the
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<Catalog>
<Category>
<Category_Name> Computers </>
<Book>
<ISBN> 0735710201 </>
<Title> Inside XML (Inside) </>
<Authors> Steven Holzner </>
<Stores>
<Store>
<Storename> BookStorel </>
<Price> $39.99 </>
<review> Great Comprehensive Guide to XML, November 27, 2000 </>
<[>
<Store>
<Storename> BookStore2 </>
<Price> $34.99 </>
</>
<[>
<[>
<Book>
<ISBN> 0672320541 </>
<Title> Applied XML Solutions</>
<Authors> Benoit Marchal </>
<Stores>
<Store>
<Storename> BookStore2 </>
<Price> $35.99 </>
<[>
<[>
<[>
</>
<Category>
<Category_Name> Web Development </>
<Book>
<ISBN> 1861003412 </>
<Title> Beginning XML </>
<Authors> Kurt Cagle, et al </>
<Stores>
<Store>
<Storename> BookStorel </>
<Price> $31.99 </>
<review> This book is definitely very good for beginners. </>
<[>
</>
</>
<[>
<[>

search[valid(search_params)] search[valid(search_params)]

‘ BookStorel:: Search_Method ‘ ‘ BookStoreN:: Search_Method‘

DTD, is read for all elements but théReviews) which

Fig. 21.An excerptofthe global catalog after
the integration)

Fig. 22. Compound refinement of search
method

can also be updated. An attempt to propagate the write byporated in the next version of the system.

replacing the wholé BookStorel Catalog) element by

a new one will be rejected by the local application due
to access rights violation, whereas an incremental update
replacing only the Reviews) will be accepted.
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rejecting non-propagative updates and is planned to be incor-

Remark.We conclude this section with a remark on transac-

Updates that cannot be propagated due to violation of acced®ns. The transactional support that a global application can
rights in the local applications are rejected by the system. Angive depends on the capabilities of the underlying local appli-
other difficulty is updates that are not relevant to any of thecations. By default, a global application is not in a transaction
local applications. To see an example, assume that our apnode: even if one assumes that method calls in local applica-
plication allows certain users to update all the catalog datations are atomic, the local refinement of a global method may
Such a user could in principle add book elements sold by aonsist of a sequence of such calls. Transactional behavior
(Storename) other than any of the given local applications. can be achieved only if the local applications support explicit
However, now when aad is issued for the global catalog, methods to start a transaction and terminate it with an abort or

a recomputation of its value from the local applications will commit, with the level of global atomicity depending on the

cause the update to disappear. This could be anticipated Hgvel of the available local support [4].
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6 Implementation the accepted request, and a collection of modules which in-
clude the local application’s state machines and are activated
The AM system is implemented as a mediator system thaby those events. These modules are automatically generated
simultaneously plays two roles: a server for the global appli-from the specification, as described below, using Rational’s
cations, accepting and handling user/application requests, ariRlose RealTimwol [43] and include local state charts defini-
a client of the local applications, imitating a browser whention as well as state machine activation code. The AM engine
connecting to remote servicesin this configuration we can communicates with each local application (using threads) via
easily implement a broker for different applications. We arethe wrappers and writes the response to a file (a distinct XML
currently experimenting with a broker for bookstores and arefile for each local source.) These files are passed to the result
next planning to implement a broker for auctions. integrator.

To keep the application simple and open and to enable . ) . .
portability we mostly use public domain tools. In particular, Results integratoMritten in Java and uses a DOM interface to

we run theApache Web Serve6] with modper! [6] on a read the XML local data. The integrator reads and parses each

Windows NTmachine (these tools were also tested on a Linuxfil€ (for validity check and DOM tree creation), thus creating
machine and are also applicable to different Unix machines)©ne tree per file, and then integrates them into one tree (using

The implementation work consists of three parts: the algorithm of Sect. 5.1).

(1) Implementation of the AM system.
(2) X\c/)rrlltslng the specifications of the global and local applica- g Specification and code generation

(3) Writing of wrappers. For the specification of applications we use a UML compli-

We will describe each of these below. ant modeling tool — Rational’Rose RealTimé&ool — which
provides a convenient graphical interface for writing the spec-
ifications and automatic code generation from the specifica-

6.1 The AM system tions (plus debugging and tracing facilities for the coti€he
generated modules realize the state machines described in the

As explained in Sect. 3.3, the system consists of five modulespecifications and are used by the AM engine as explained

(see the center part of Fig.6). They are implemented in Perlabove.

C++, and Java in a Windows environment, and activated by

a CGlI script upon a user request. The communication withy;oqeling considerations and structuredn Sect.3 we de-

the users and the local applications is managed by the Apachg.ripeq the use of State Charts to specify the activities, the
Web server and proxy server, respectively. Recall that communethods, and the flow. Recall that activities corresponds to
nication with the local applications may require the activation,yq pages while methods represents the operations that can
of an appropriate wrapper. For that we have replaced one gfe activated using buttons within these pages. In our specifi-
the modules of the proxy server with a mpelrl script of our  c45i0n language, we have used states to specify both methods
own, in charge of wrappers activation. and activities. As different activities (pages) can be activated

Request parserimplemented in Perl. Parses the AM XML- in parallel, they are described as orthogonal states according
based API (global) request and, using the stored application® [33] (see Fig.5). Since our specification language follows
specification, attaches the list of relevant local sources. Théhe UML standard, the system implementation could be sim-

resulting object is passed to the validation module. plified by using a UML compliant tool for the specification
and code generation. There are several such tools on the mar-

Validation module. The first version of AM implements a et (e.g., [35,43]). We have chosen to lRese RealTimas
simplified version of the validation module which includes oyt implementation tool. This specific choice forced the im-
only DTD validation checks for each local application. (Im- plementation to deviate a bit from the specification language
plemented using the Xerces Java parser [xml.apache.org]). lizntroduced in previous sections, to match the tool’'s capabili-
the next version we plan to add consistency checks (.., Vajes, Nevertheless, the changes are very minor and affect only
lidity of request according to application state). Valid requestsihe graphical syntax of the specification and not the semantics.
are passed to the request rewriter, otherwise a user notificatiofye detail the changes beloRose RealTimenplementation

is issued. of orthogonal states is based on the notion of capsule, which

Request rewriter and AM engindhe two are combined to- aré @ UML stereotype of a class. Therefore we use capsules
gether into one executable. The current version of the requedp describe the activities, and their associated state chart to
rewriter implements parallel activation of requests to all rele-describe the methods and the flow. Figure 23 demonstrates
vant sites. In the next version we plan to experiment with dif-the visual notation of capsules. Capsules are represented by
ferent optimization strategies (e.g., serialization of requestsféctangulars, while the small black or white squares are ports
adaptive request’s cost management). The AM engine conWhich are used by capsules for a signal-based communication

sists of a main program, which generates events according t#Vents transmission). Due to the use of capsules, the refine-
ment process, used for specifying the local application, differs
5 Other alternatives could be implementing it, for example, as a

plug-in for a user browser or as a software agent. We chose the © This in fact illustrates one of the main advantages of basing our
above architecture for modularity reasons, but similar design princiframework on standards like XML and UML —the ability to capitalize
ples could apply for the other configurations. on enhanced tools developed for the standard.
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i goto_Search_Activity i goto_ShoppingCart_Activity

Search_Activity . ShoppingCart_Activity

Fig. 23.Global application (with capsules)

i i goto_Advanced_Search_Activity

Advanced_Search_Activity

Quick_Search_Activity
goto_| SBN_Search_Activity

ISBN_Search_Activity

goto_Full_Search_Activity i

Full_Search_Activity

é goto_More_Details Activity
More_Details Activity o
. goto_Read_More_Activity

Read_More_Activity

Fig. 24.Local application (with capsules)

a little from the one described in Paragraph 4.2. First, local acThe next page shows the shopping cart’s content in all relevant
tivities (capsules) are derived from global activities (capsulespookstores and allows to deldtem_cart, changguantity

by inheritance association. In this way, the local activity in- and initialize all carts. The last page (omitted from the figure)
herits the state chart (and sub-capsules) of the correspondirigcludes an addeview method. Figure 23 is a partial UML
global activity. From this point, we continue with the state representation of this interface Rose RealTime

chart refinement steps as described above. Modeling local applications Now we come to model the lo-

cal applications. The UML modeling of the application flow
aﬁnd method is quite straightforward and derived from the lo-
cal site interface. Once the global application is defined, it is
used as a base class for defining of the local applications by
Modeling the global application.First we define the global inheritance association. Then the specific behavior is defined
data structure (see Fig. 3 for the dtd), then we define the globdly refinement of the global state charts. We also separate the
application interface (Fig. 25) which actually defines the API. handling of the communication from the modeling process.
Recall that forms and buttons correspond to data and method€&alls to local sites are implemented in one separate general
We create four pages. For each page we define an AM activmodule, with one public method which accept the local sites
ity: Search, SearchResults, ShoppingCart, and AddReviewgarameters (requested site, methods, and data to be passed)
The search activity enables us to submit a query to multipleand supports issuing http calls and handling of cookies. In
bookstores (Searddethod) and browse the integrated catalog that way the code involved in activating a local site’s method
(BrowseMethod). (gotoBookPrices). On search activation, a within a state is minimal and merely includes calling the above
new page appears, containing the search results. Each bookethod.

description includes title, author,ISBN, list of the bookstores  Figure 26 is a screenshot of three pages of a local book-
itwas found in, and price and availability details. The methodsstore. The specification of the according state chart through
in this page are Adtb_Cartmethod and gotédd.Reviews.  refinement was explained in detail in Sect. 4 and illustrated in

Modeling exampleNow we return to our running example of
a global bookstore which integrates services offered by sever
bookstores on the Web, and follow the modeling steps:
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; Application Integration - Microsoft Internet Explorer

J File Edit “iew Favortes Toolz Help

J<:=.=:>.@ fé‘@@ >

Back Fonward Stop Refrezsh Home Search Favorites

J.i\gldress I@ bt A Ape-rilo ] math bau, ac. il A ntegration bt j i Go “ Links **

/3 Manifold - Microsoft Internet Explorer

J Fie Edit “iew Favontes Toolz Help

@ 08 @ B 4 | @ [

Back Fonrard Stop Refresh Home Search Favontes

J Address I@ hitp: perailol. math taw. ac. il cgi-binsearch.egi?searchtype=Kepwordisearch |

; Manifold - Microsoft Internet Explorer

J Eile  Edit “iew Favortes Toolz  Help

.02 D AL

= fifts = alobanead’ Back Frpward Stop Refresh Home Sez
= aleagboie Dasgmr L

Brosese

(8 search_results

@ Advanced Object-Orie
Uszing ML

J Address I@ hittp: #7pc-milol . math.tau. ac.il/cgi-bin/search. coi?shoppingCal

----- S mafur = St
----- E wathr = Founls A -
4 Init Cart
l:@] all carts
----- E RN = (ITEAET
..... B cisin =t 0 Q@ Amazon Delete
Advanced Object-Orisrted
..... S Shwme = 3 by Analysiz Desion Using Ukl Change Quartity
. - & price = 39.00
@ Applying LML and Patl #
B Guantity=2
ol 2pplvitg UML and Patl -
s ta Object-Orierted Ana Fotal = 75.00

=l il &1Books
Fig. 25.The global application interface

Fig. 11. Figure 24 shows the equivalent UML modeRose  plication from Rose RealTimeset breakpoints, animate the
RealTime using capsules. The definition of the dtd is quite RoseRT model so that we can watch how the application is
simple. We can easily derive from the visual representation ofunning. Then, we deploy the dll file to the target machine to
the pages the dtd for Amazon'’s local catalog. Each book itenbe activated by the AM Engine to communicate with the local
includes title, one or more authors, list price, Amazon'’s price,applications.
availability etc. However, sometimes there is additional hid-
den information. For example, from looking at the html page
source of the search results we can extract the ISBN of each.3 Wrappers
book, which is a unique identifier for books and is important
for data ir.]tegration. After we have the local dtd'S, we qeﬁneA wrapper has two partS, the first in Charge of the transla-
the mapping between them and the global data as queries ovgpn of the standard AM API requests to application-specific
the global data (see Figs. 4-10). http calls, and the second in charge of mapping the returned
datato the corresponding AM XML-based representation. The
Code generation.Finally, after all this is complete, we can first direction can be implemented in two ways: one is rather
build the local bookstore module. We do this by creating astraightforward and amounts to running an application Web
component which contains the local bookstore capsules, sérowser in the background, mapping each API request to a
lecting the component in the browser, and clicking compile.corresponding action on the browser (typing or buttons acti-
Rose RealTimthen creates the make file based upon the platvation). This is naturally facilitated by the fact that the local
form, generates the C/C++ code for the application (base@pplications modeling is tight to the actual screens, hence the
upon structure, state transition diagrams, and transition anchapping is immediate. The second alternative is an actual for-
state action logic), and initiates the C++ compiler to generatamatting of corresponding http calls (with the appropriated pa-
the code. Now that we have compiled, we can run the aprameters). While the first approach is applicable in most cases,
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Fig. 26.Local application example

<entry>
<site>www.amazon.com>
<method>search</method>
<action>POST</action>
<uri>www.amazon.com/exec/obidos/search-handle-form/!session_id!</uri>
<content>index=books&field-keywords=!search_str!</content>

</entry>

<entry>
<site>albooks</site>
<method>add_to_cart</method>
<action>GET</action>
<uri>www.albooks.com/cgi-bin/albooks/alFront?act=addCart&WVSESSION_I|D=
IWVSESSION_ID!&ISBN=!ISBN!</uri>
</entry>

Fig. 27.Wrapper entry for search method

the latter is possible only for http-based requests (e.g., not fothe system to support a wider range of applications. The re-
Java rmi calls), and is feasible only when the correspondencgquest transformer is table-based Perl script which reformats
between the APl variables and the http call parameters is cleathe general request according to the requested local site and
Nevertheless, we decided to use the latter in our implementamethod. In this version the table is stored as an XML file and
tion: a proxy tracing of the http calls of the local bookstoreswill be managed in an XML repository in next versions. For
showed a straightforward correspondence between the parareach method in each local bookstore we need to add the an en-
eters, hence, writing the request translator was quite trivial. Wary to this table. Figure 27 is an excerpt of this table. Notice that
plan to implement the former method in the next version ofeach entry defines the http request method (POST/GET), URL
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Fig. 28.Request processing

< t> . . . . . .
i application flow, via the proxy server (3), whichis in charge of
<method>search</method> wrappers activation. These requests are a site-specific request
<params> H i i 1 1 , 1
<criteriasauthor</criterias ina unlf_led forma_t an_d contain the local appllcatlon s cookies
<search_str>Rowling</search_str> and variables maintained by the AM engine. The proxy server
</requestjparams> activates a wrapper, which transforms the request according

to an XML file (Fig. 27) to the specific format of the local ap-

plication (see Fig. 30) and sends it (4). Then the proxy server
captures the response (5), parses it to the right XML format
using an appropriate wrapper and returns it to the sender (6).

and the content to be send in case of a POST action. Stringsh€ AM integrator integrates all responses, creates a unified
between exclamation marks are names of variables should b&ML response, and sends it back via the web server (7) to the

extracted from the original XML request and replaced by their4S€r (8)-
actual values.
The opposite direction, i.e., mapping html response to

XML-based representation, requires parsing of the responséd. Conclusion and future work

For that we used simple scripts written in Perl that parse a

specific page content and perform the above translation.  As the number and variety of e-commerce applications on the

During the implementation we encountered the problemWeb grow, the need for convenient tools to support the inte-

of web-page structure being periodically changed. We thugration and customization of existing applications increases.

consider adopting methods for change detection and automatithis paper presents thgplication Manifoldsystem which,

wrappers development [36]. based on the emerging Web standards XML and UML, of-
fers a novel solution for the problem. The system supports a
declarative specification language for specifying the integra-

6.4 Runtime operation tion and customization task, covering the full profile of the
integrated/customized e-commerce applications: the various

Now, after the specifications are defined and the appropriateervices offered by the applications, the activities and roles of

wrappers are built, we will describe what happens during thehe different actors participating in the application, the appli-

runtime operation. Figure 28 illustrates the steps that a useration flow, as well as the data involved in the process. Then,

request follows: (1) The user activates one of the global appliacting as an application generator, the system generates a full

cation methods (e.g., search) by clicking on one of the globalntegrated/customized e-commerce application.

application interface buttons; (2) the interface, via the user's  While the work described in his paper was targeted at sup-

browser, issues a request to the AM system (recall that th@orting the integration and customization of e-commerce ap-

AM system is implemented as a cgi program and runs under @lications, the developed solution can also be used for other

web server). For example, Fig. 29 demonstrates a request faypes of Web applications with similar characteristics, includ-

a book search to all sites that support such methods. The ANhg in particular: (i) sharing of data; and (ii) cooperative work

parses the request, decomposes it to several requests (e.g., dnyea number of actors connected via the network. These are

for each bookstore), validates and rewrites them. Each requestpical features also found, for instance, in digital libraries or

is then handled (in a different thread) by the appropriate locamanufacturing information systems.

store’s module as part of the AM engine. These modules send The declarativity of the specification allows for much free-

one request or a sequence of requests, according to the locdm in the optimization the generated application. Only little

Fig. 29.Search request
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POST http://www.albooks.com/cgi-bin/albooks/alSearch HTTP/1.0
User-Agent: AM browser

Host: www.albooks.com

Content-Length: 83

Proxy-Connection: Keep-Alive

act=search&WVSESSION_ID=30509&matchCriteria=keyword&searchBy=author&searchStr=Rowling

of that was incorporated in the first prototype of the system.
We are currently working on extending the prototype along

the lines mentioned in Sect. 5, supporting optimized reads ands3.

writes and conditional/serial execution of the refined state ma-
chines.

We are currently examining the ability of the system to 4

scale both in terms of the number of applications that can si-

multaneously be integrated and the number of users that can
be supported. We started with a few applications due to com-
putation power limitations. Keeping track of several web ap-

plications may be easy, but doing so at the Internet scale is
not feasible. This is the reason we also conducted research7
on change detection of Web sites along the directions men-
tioned in the previous section. We are also studying further
optimizations based on offline preprocessing of statecharts re-
finements and rewriting of queries. The relevant preprocess-
ing will be re-activated when our system detects changes in
one of the local sites. Another interesting line for future re-

search is the automatic integration of applications. There are
two main issues here. Given a target global application, the

first problem is finding the relevant local applications among10.
the many applications available on the Web. A possible solu41.

tion is to use software component brokerage [23,30,9]. Based
on ontologies and problem-solving methods, brokering ser-
vices of Web repositories establish customer requirements,

match a software model from a component library, and sup-2.

ply the glue logic according to the customer’s specifications.
Combining our system with these techniques for obtaining an

automatic matching of existing applications to the target ap-13-

plication could be very beneficial, and we plan to study the

issue in future work. Once the relevant local applications aret4-

found, the next issue is writing the specification of the map-
ping between the global and the local applications. Some of

this can be automated as well. In recent years there has be B
a significant amount of work on automating the translation of
data among different sources and formats, based on source al
target schema/DTD [15, 39, 25]. We plan to study how this ca
be incorporated here to deal with the data part of the specifi-

cation, and furthermore, how it can be extended to also handlgg
(atleast some of) the dynamic part of the applications, namely,

the mapping between the activities and flow.

Avi Telyas for their help in the implementation of the AM system.
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