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information systems, middMare, schema inggation, To clarify the architectural scenario we assume a three-tier

application intgration, internet access model. On the left side of Figule we hae the schema
layer of the model. W choose the termschema to describe

1 INTR (_)DUCTION the information (data) structure of our DIS. Furthermore, we

The graving e-commerce maek engender the need to openselect distriited databases (DDB) as more concrete case

the isting, in local area newvks utilized, information  study there the term schema fits betfEneapplication layer

systems (IS) to the welbhis requires the well understanding contains all the functionality to manipulate the informations

of the eisting IS and masreengineering a central aspect. stored in the schemas. Finallwe hae the www layer,

However, most of todays reengineering aittes and results  which represents the intade to the real arld, i.e. users.
address monolythic systems such as the centralized systems

developed in the senties. The required methods to reach
the current state of reengineering for such systems we

developed woer seeral years. & the more recently
developed distrinted IS (DIS), the intgration into the

internet requires meadjusted reengineering techniques. The

high compleity and the rapid wlution of DIS navadays
requires continous DIS reengineering (DISRE).

In this paperwe conceie evolution as ap change in or of
the DIS and emphasize the fallimg three actions:

« union of multiple running (D)IS to a single DIS,

« extention of a DIS by a n&@ part or

« reduction of a DIS by discard a part

Union and gtension induces the idea of igtation, whereas
reduction entails “neerse intgration” which can be seen as a
variant of decomposition. In this corte we interprete
integration and reerse intgration in @olution of DIS with
focus on a suitable middiare concepts.

—
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Figurel Three-tier model

Integration and support for velution of distritluted
information systems by means of an additional migdte

can be done inarious vays. D structure and analyze the
adwantages and restrictions of fdifent approaches we
consider the tev following extreme vievs: (1) schema
integration (SI) which preides a consistent virtual schema
located between the schema and application layer containing
the intgrated schemas; (2pplication integration (Al)
which results in an addition virtual application layer in-
between the application and WWW layer

In Figure2 the Sl approach for injeation and eolution is
presented. The ddrent application specific schemas are
integrated into an erall virtual schema (gyg¢ which is

In this paper a systematic DISRE process based on a§ened by a single homogenous distied database

analysis of wailable intgration concepts and technologies is
developed. The application ofxisting and required ne
reengineering techniques in such a processeish&d.

The rest of the paper is structured as fedipin Section 2 we
discuss the adwntages and restrictions of the use of
middlewvare of DIS. In the né section (Section 3), we
propose a DISRE process, considering the trade of betwe
existing and ne (adjusted) reengineering techniques.
Finally, in Section 4 we dm some conclusions.

management system. Systerwolation in form of an
additional application thereforeowld result in an updated
virtual schema and a weapplication (dashed box) . Batini et
al [BLN86] present seeral methodologies for (database) Sl.
An approach to presesvsemantic updates in Sl isesthed

in [VW94].
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Figure2 schema integration (SI)




— views can be used. Depending on whether a code or strict
~ - — database solution has been chosen, thabiliey of the
L SCNeMA e T Toiication @ virtual layer permits ariations to a greateent.

- L — — — A%
To compare bothxtreme concepts we further consider their
W impacts on eolution, consistencand redundarcin Table
1. The obsemtions reeal that both stratges are rather
W s @ contrary While Sl focuses on consistgnand therefore try
to exclude redundang Al avoids the intgration of schemas
W and instead demand the proper coordination of the
applications.

The specific aspects of distited systems such as

The Al scenario in contrastould integgrate an additional autonomy heterogeneity and scalability are addressed in
application without modifying the dérent schemas, cf. Table 2. The Al approach additionally permits gregion of
Figure3. Instead, the virtual application layer (grés used arbitrarylegacy systems. When the virtual application layer

to coordinate the applications as required. This additiondlrovides the same intetes as the applications theyoe of
application layer does further permit to usefediént transparencensured by the Sl strateis also possible for a
heterogeneous and ysically distriuted database Al solut|_on. In praptlcez the pvided interbice may include '
management systems when support for disteid Synthesized functionality and therefore a clear separation
transaction processing standards [XA94] is present. |:_between f[he virtual application layer and added functionality
example atending the DIS by a meapplication with wn is often dificult.

new schema, cf. dashed parts in Fig8re autonomy | Al results in still autonomous applicatiohs
The required coordination haver has to be realized by (services) while the virtual schema of Bl
code in the virtual application layeiThe identified Al results in a higher deee of coupling
stratgy is strongly related to enterprise applicatio
integration (EAI) [Lin99] approaches,ubwe assume that
the applications composition does notvalve erent

processing as realized either by polling on a shared databgse
or using specific application APIs. scalability | Al can eploit semantically independerjt

The proposed middleare layer for application and application fqncﬂoryahty to increase
information system intgration has to beuild on top of system scalability while Sl is restrictedto
available middlevare technologyThe common solution for a single virtual schema and therefore pas
database intgation is distributed transaction processing to emply more general approaches fgr
(DTP) [XA94] as preided by transaction monitors [Hud94, scalability

Hal96] and middleare transaction services [JTS99, Table 2: Distriluted systems characteristics
OTS98]. Another more scalable solution isliable
messaging [Lew99, Hou98] which results in a reliable
asynchronous processing scenario.

Figure3 Application integration (Al)

heterogeneity|A code based layer can cope with datafype
conversion problems in more Rible
manner than a database layer

The diferences of both approaches can be further clarified
by considering whether state or transitions of the resulting
system are composed. While the Sl approachviges a

evolution Sl requires update for virtual schemd unique state (virtual schema) and relates all application
schema specific schemas accordingly (mapping), the Al approach

permits partial states (the application specific schemas) b

evolution Al requires update for virtual applicatiqn ensures, that all via the application code initiated state,

application transitions are coordinated in an appropriate manner
consisteng | Sl failures result in loss of data whilg  The goal of information system impetion is the linking and
inconsistencies are possible for Allire§  interconnection of beforehand independent systems. The
redundany S| has to rclude redundar}cin the reSUlting COUpling, hNe/er, also r_eSUlt in_ a less reliable
schema schema while Al control it at applicatiqn ~ System. When the ganizational coeistence is acceptable or

level even required, the Al approach andiee temporary
inconsisteng may be seen inafor. If in contrast data
redundang | Sl does not address redundpatthe consisteng has highest prioritySI has to be empyed. The
application | application lgel while Al can help to Al solution may include redundapbut ensures losslessness
identify redundant functions which maly while the Sl approach can result in a possible loss of data b
be united in ne evolution steps ensures no-redundancTherefore depending on whether the
Table 1: Ewlution, consistencand redundaryc reengineering actity is not considered as a closed job, both

The Al approach requires the realization of coordinationapproaICh will be rated qite tsfently

actiities. A suitable solution is to emploavailable [N Ppractice, which approach fits bestaries for each
middlevare technology For the SI approach the same fragment of the system and therefore a compromise which
technology can be applied when the virtual schema layer [§€1ges both strages is often mostatuable. Such ayrid

realized by code, leever, also database technology dik solution shoulc_i _>eploit the adantages of both stragies for
a system specific solution.




3 A PROCESS TO REENGINEER DISTRIB UTED
INFORMA TION SYSTEMS

InPrivate Ltd
The dravn conclusion in the puous section obliges us to
consider Sl as well as Al in parallelvistigating all such contract
possible lbrid integration scenarios euld havever be an management Portal
impracticable task. d¥ this reasons our process (depicted in
Figure4) starts with cile irvestigations.
In a first step, a (light) verse engineering aeity is applied

to the application tieri.e. we analyse the intedes from the - ~ BulnCo

user viev (step 1.1). The result is a simple directed call{ |purchaserbB [ client administration
graph from the basic user operations to the main parts of the| schema

CustomerDB
schema

ContractDB
schema

schemas. In parallel, in step 1.2, a data structurerse —
engineering step is done on thefeliént schemas. This step | ~—__ :
R . . . . . .. - Business
is limited in a premier time inxéracting entities and efpus IndentureDB Portal
relationships. schema lq | agreement | __—¥
_______ survey
AgreementDB
1.1) interface \ 2) schema . [3:1) schema schema
anaIySIS &app”cation > integration —
clustering Figure5 Example systems (simplified)
1.2)schema Pl \ 3.2) application
analysis N integration An early werview of reverse engineering techniques for

program understanding is presented in [BMG+94].
Possibilities and requirements for tool interoprerability
] where recently discussed in Dagstuhl [EKMO1].

Based_ on a comparison of t_he qall-_gra_phs and whe_n thﬁccording to the three layers of Figutewe propose an
analysis of their déred functionality indicates a sharing ample to illustrate our approach. Assume. weehawo
between both applications, we check pairs of schemas on t urarl)nce companies Whicﬂgm to .fuse Thé first is the
degree Qf vorth fqr their intgration. This second process InPrivate Ltd which only ofers contr;':\cts for prate
step proides us with achema & application clustering. Here

it might be necessary to V& further infomation than the insurances. Second, we vea the BulnCo which only
ones proided by the first steps. This leads on the one han oncludes agreements withidiness people and enterprises.

in step 2 to the need for iteration and on the other hand oth companies operate DIS which should begatied.

have to proide techniques which alls more profound V\E’lgureS depict a simplified>erpt of the tw original DIS of

analyses. Those tato be program understanding as well asthe companies.

data structure resering methods. The obsew dgree of N the follaving, we apply our process to this insurance
schema compatibility permits to estimate the requiredusion &ample. This is of course a simplified wieof the

integration efort. Thus, we can decide where S| is&ample due to lack of space. In Figéreve hae two

To perform step 3.1, i.e. Sl, we need the complete structurcé)ntract management for thelnPrivate Ltd. BulnCo has also

of the afected schemas.wb eisting schemas werse
enginering approaches which adresses the problem of &
entire structural schema re@wy areDB-Main [EH99] and ||/ — |  r = = = =i T. 1
Varlet [Jah99]. Morewer, we hae to recwer relationships |||~ . | ¢ €7 b — — — — — — N
between the schemas. This irsehema relationships V&
to be considered and can be use directly for thegraten,
i.e. the construction of a virtual schema. But for a completg
and consistent inggation we need information about data
(schema) behéour, which induces agn more profound
application understanding.

Alternatively, Al is done in step 3.2 of our process. The ———

Figure4 DISRE Process
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central problem is to identify all applications which are ContractDB contract

concerned by concrete user interactions. Furthermore, we < management
. . . i . schema

have to cwer all possible user interaction adties. This

. . . /\

implies the need of full krwledge about the inteates, - >

because missing only one application for one user interaction| IndentureDB

leads automatically to partial inconsistencies.efisure the schema

completness of the reengineered information about the AgreememDB\ agreement

interfaces, we need, beside data structure (schema) and ~ schema survey

behaiour knowvledge, information about the intechema —

relationships. Figure6 Hybrid integration (simplified)




two databases, PurchaserDB and IndentureDB/  covered by the Al approach, the S| stgptelinks the
AgreementDB, and twp applications thelient administration modules more tightly and therefore help tmid serious
and theagreement survey. The IndentureDB schema is for problems with redundagcBesides the discussed technical
insurances for Usiness people and thgreementDB is to  aspects, @anizational structures and requirements are also
store information about compailinsurance agreements. In relevant for an appropriate solution with respect to the
addition, we hee two kind of portals, one for the compan degree of coupling. Therefore, whether SI or Al is
emplojees EmployeePortal) and the other for usiness reasonable, is not only a matter of technical feasibility
clients Busme_ssPortaI). REFERENCES
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