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Chapterr 2 

Informationn Integration 
Approaches,, Mechanisms, and 
Tools s 

2.11 Introduction 
AA wide variety of information management and data integration approaches, mechanisms, 
andd tools are introduced and being used for diverse applications in the domains of life sci-
ences,, engineering, education, health care, business, tourism, and art. These approaches 
aree mostly designed and developed to cope with the specific requirements of each applica-
tion.. Among the major requirements for today's and forthcoming applications, which are 
describedd in Table 1.1 of Chapter 1. we enumerate: site behavior, user facilities, security 
forr access and visibility rights, collaboration and interoperation. use of standards and mid-
dlewaree solutions, system efficiency and minimization, and other advanced features. The 
diversitiess of the proposed approaches for information management and data integration 
aree due to different aspects considered for each application, and which relate to the DBMS 
architecture,, data storage approaches, and system interoperation mechanisms. 

Thiss chapter presents a survey on several research and development approaches that 
havee directly or indirectly contributed to the issue; of information integration and interoper-
ationn mechanisms among autonomous, distributed, heterogeneous systems. Considering the 
mainn emphasis of the thesis that addresses the integration of heterogeneous data sources 
andd interoperation among autonomous sites, special emphasis is given to the data distribu-
tion,tion, information exchange, and interoperability issues. Thus, the three concepts described 
beloww are used as the base for the classification of existing approaches and mechanisms for 
informationn integration: 

^^  DBM S architecture: For most of the emerging applications, and considering the 
enormouss improvement in networking and communication protocols, it is clear that 
thee client/server architecture has become the key issue for application development. 
However,, depending on the type of application, decision has to be taken regarding 
whetherr to use a centralized.'distributed [SBD+83. TBD+87, PH 98. NDL+00], or 
evenn a federated approach [HM 85. SL 90, TA 93. HTH+99. GAH 01] for proper sup-
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portt of the application requirements in term of information management and systems 
interoperation. . 

«Srr Data storage/access: The manner in which data is being stored and accessed plays 
ann important role in defining the proper integration mechanism, to be adopted for a 
givenn application. For instance, applications in the area of data mining and Online 
Analysiss Processing (OLAP) [Sho 97. VS 99. PP 00. WB 97. FS 96. CD 97. and Kar 
98]]  are based on the access to catalogs and repositories of data, which are reformatted 
andd prepared for certain analysis tasks. While, in most applications from scientific 
andd system engineering domains [WMP 98. PWD+99]. the data processing mecha-
nismss require that information has to be fetched on-line, processed on-line, and the 
properr decision has to be made on-line when necessary [BAK+00. ABK +00. AKB+01], 
Similarlyy to the access mechanism, the data storage processing requirements may differ 
fromm one application to another. Furthermore, certain applications keep results locally 
andd private, others publish the results immediately after generation, while a third type 
off  application may require an evaluation time in order to validate the results before 
theyy get published and made available1 to the outside users. 

^^ System interoperation: The interoperation mechanism for exchanging information 
andd services among a set of users/applications within a collaborative community also 
definess the coupling mechanisms between those systems [LA 86, LMR 90. ZK 96. BA 
98a.. THB+98]. When data is integrated from external sources, it is very important for 
eachh system (e.g. data source) to clearly define the interaction mechanisms with other 
systems.. Some criteria for this interaction involves handling the inter-linking among 
distributedd data over different locations, and the format in which data is going to be 
exchanged. . 

It,, is clear that the complexity of the proposed approach for every advanced application 
dependss very much on the specific characteristics of the application and its required level of 
integration.. Therefore, the more complex and higher is the requested level of integration in 
thethe application, the more complex and difficult becomes the development process. 

InIn this chapter, we study the main approaches introduced so far for information ex-
changee and interoperation for different application domains. Furthermore, these approaches 
aree discussed, evaluated, and those that can support some requirements for different ap-
plicationss and better fit the general integration purposes are validated for the general use 
cases.. However, this is not a simple task since the requirements in terms of information 
handlingg art1 quite different in centralized applications from those that are distributed or 
federatedd applications. Some of the applications rely on the use of centralized archived 
data,, others require homogeneous information replicated at different sites, a third type of 
applicationss may require run-time generation of information for decision support, and so on. 
Thus,, it becomes unrealistic to validate and conclude that one specific and concrete solution 
cancan support all types of today's and forthcoming applications. 

2.22 A Taxonomy for Information Integration 

Theree are many classifications and initiatives aiming at the provision of a taxonomy for 
thee information integration approaches. Some classifications look to the problem of in-
tegration/interoperationn from the data access dimension, some others from the distribu-
tion/centralizationn dimension, and still some others from their heterogeneity and autonomy 
dimensionn [SL 90. RK 97. DD 99. ACM 00]. 
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Inn order to describe other approaches suggested by research related to the subject of this 
thesis,, and specially considering their wide diversity and distinct focus, we have resorted 
too the definition of certain classifications. In the proposed classification approach, since 
thee main subject of the thesis consists of integrating heterogeneous data from distributed 
sources,, we address the categorization architecture from the distribution/Integration point 
off  view. The main purpose of this classification (and the names that are suggested and 
associatedd with each category) is to be able to discuss the common features among a group 
off  systems that follow- one general approach. As such, these "category names" might be 
definedd differently in some other publications, since in general there is no common consensus 
amongg database researchers on the exact definition of these category names and the database 
systemss they represent. Also this classification of information integration approaches is 
specificallyy focused on the main characteristics emphasized in the thesis, namely the design 
off  a flexible environment to support many heterogeneous application domains, as it is the 
casee for instance in scientific and engineering domains, like Virtual Laboratory environment. 

Laterr in Chapter 6 of this dissertation, we will use the results of our investigation repre-
sentedd in this chapter and our classification of approaches, for identification and validation 
off  a set of generic methodologies that can better support the general collaboration processes 
amongg heterogeneous nodes in a network of databases and applications. Provision of a set 
off  generic tools and methodologies for information management facilitates the collabora-
tionn process among distributed and heterogeneous nodes. In such methodology the use of 
standardd tools and middleware solution will play an important role in solving many issues 
relatedd to the use of multi-platform systems, different architectures, and various information 
modelingg methodologies. 

Figuree 2.1 illustrates a taxonomy diagram for information integration approaches. As 
depictedd in this figure, at the first level of the proposed hierarchy, the management of het-
erogeneouss data sources (information) is classified into two main categories of Distributed 
SystemsSystems and Integrated Systems. Distributed systems typically support applications that 
sharee common database software at both DDBMS servers and their applications. Inte-
gratedd systems however, support database applications that address similar tasks in differ-
entt manners or using different representations and data modeling systems. Within each of 
thesee two categories several approaches are identified, studied, and evaluated based on the 
applications'' requirements. 

Att the second level of this taxonomy, different, and various approaches for information 
integrationn are derived from the two categories illustrated at level 1 of Figure 2.1. On one 
hand,, distributed database systems can follow horizontal fragmentation, vertical fragmen-
tation,, or hybrid fragmentation [EN 00. OV 99]. On the other hand, when the application 
becomess more complex and requires additional functionalities, most research on related 
approaches,, focusing on the needs for data heterogeneity resolution, result in a variety of 
integratedintegrated systems. Although, a number of researchers in this area still consider all these 
approachess as heterogeneous distributed systems. 

Withinn the integrated approach, Domenig and Dittrich [DD 99] present a taxonomy of 
systemss for querying heterogeneous data in which, they distinguish between materialized and 
virtuall  approaches. Similarly. Florescu et al. [FLM 98] make an important distinction, in 
buildingg data integration systems on whether to take a warehousing or a virtual approach. 
Inn our classification, we name the two approaches respectively Physical Integration and 
VirtualVirtual Integration. In a Physical Integration the data originating from local and remote 
sourcess are integrated into one single database on which all queries can operate. In Virtual 
IntegrationIntegration (also referred to as multidatabase systems in some literatures), data remains on 
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thee local/remote sources, queries operate directly on them and information integration has 
too take place on the fly during the query processing. 
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F igu ree 2 .1: In fo rmat ion In tegra t ion App roaches - Classi f icat ion 

Att the third level of the taxonomy the variaty of the proposed approaches becomes more 
andd more specified and complex, this is due to the advanced functionalities and complex 
featuress required by advanced applications emerging in the domains of system engineering, 
medicine,, biology, etc. Nowadays, those applications are of wide use. significant importance, 
andd real necessity. 

 The physical integration expands into centralized databases and data warehouses. In 
aa centralized database, information is migrated from various sources into a universal 
DBMS,, while in data warehousing information may be imported in different form and 
volumee than it exists in its originating sources. 

 The virtual integration derives into federated and non-federated systems. Each of these 
systemss can be either loosely or tightly coupled. 

Att the fourth level of the taxonomy, we categorize the intermediate data interchange 
formatformat and the pair-wise translations as examples of non-federated systems and global 
schemaschema representation and Node-to-Node federation as examples of federated multidatabase 
systems. . 

Thee next sections present and discuss in more details these different approaches illus-
tratedd on Figure 2.1; more focus will be put on Virtual Integrated systems, due to their 
relationn and direct impact on the subject of the thesis. 

2.2.11 Distributed Systems 

Inn distributed systems, the applications considered by the network have similar functionali-
tiess and share similar type of information. Furthermore, most of the involved sites use the 
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samee software for data modeling, information management, and accomplishment of their 
globall  functionalities. In such architecture, distributed database systems (DDBMS) are de-
finedd as a collection of multiple logically interrelated databases distributed over a computer 
network.. A distributed database management system (DDBMS) is a software system that 
managess the distributed database, while making the distribution transparent to the user. 

Figuree 2.2 illustrates a distributed database architecture, in which information is stored 
withinn four distributed databases located at different remote sites and inter-linked through 
thee communication network. In such a system, distribution is transparent to the user in the 
sensee of hiding the details of where the data is physically stored within the system. Thus, 
fromm the point of view of the operational details of the network, the user has the freedom 
concerningg the data location transparency and objects naming transparency [EN 00]. 

^jïï?}—^jïï?}—ISIS Site 4 — ^^ 

Figuree 2.2: D is t r i bu ted D a t a b a se A rch i tec tu re 

Figuree 2.3 presents an example of a simple database model. Its structure consists of two 
classes:: Product and Customer each characterized by a set of attributes denning the two 
classess and a relationship among them. The example will be used within this section to 
illustratee some of the concepts related to distributed database systems. 

Product t 

Productt Name: String 
Productt Description: String 
Productt Category: Enum 
Productt Price: Float 

OrderedOrdered 5 » 0..* 

0..**  ^Orders 

Customer r 

Customerr Name: String 
Customerr Address: String 
Customerr City: String 
Customerr Phone: String 

F iguree 2.3: E x a m p le of a Simple D a t a b a se Model 

2.2.1.11 Data Fragmentation and Allocation 

Figuree 2.4 illustrates an example of the three types of fragmentation, which are possible in 
distributedd systems: 

®® Horizontal fragmentation distributes a relation into sets of tuples (rows). The 
databasee model conserves the same structure, restriction however is applied to the set 
off  records (instances) based on some conditions. 

®® Vertical fragmentation distributes a relation into sub-relations where each sub-
relationn is defined by a subset of the columns of the original relation. All objects are 
partiallyy present in the fragmented class, restriction is made for some attributes of the 
classs (table). 
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HybridHybrid fragmentation partitions a relation by applying the horizontal and vertical 
fragmentationn strategy one after the other. Restriction is made on both attributes and 
instancess of the fragmented class. 

Pricee < 25 

Productt  A 

Name e 
Description n 
Category y 

-- Price 

Product t 

 Name 
Description n 
 Category 
Price e 

-- Name 
-- Description 

~~̂ ^ Horizontal Fragmentation 
^r^r Vertical Fragmentation 
' ^^ Hybrid Fragmentation 

..Categoryy = 'Home Care 

-- Name 
-- Price 

Figuree 2.4: Fragmentation in Distributed Database Systems 

Figuree 2.4 illustrates the three types of data fragmentation: 

 Horizontal fragmentation: the class Product is restricted at the instances level to only 
preservee products of 'Price < 25'. 

 Vertical fragmentation: the class Product is restricted at the attribute level to Name 
andd Price. 

 Hybrid fragmentation: the class Product is restricted at the attribute level to Name 
andd Price, and at the instances level to only hold products of category 'Home Care'. 

Inn distributed systems failure at a single site does not make the entire system unavailable 
too all users; when the data and software fail on one site the other sites continue to oper-
ate,, which improves both system reliability and availability1 in comparison to centralized 
approach.. Furthermore, safeness can also be achieved and improved by replicating data and 
softwaree at multiple sites. 

Figuree 2.5 gives a global overview and an example on how fragmentation and replication 
cann be established within a distributed system. Here, the data fragmentation and distribu-
tionn is illustrated using the simple data model presented in Figure 2.3. In addition to the 
threee types of fragmentation, a mirror site is defined as a part of the distributed system. 
Thee mirroring site assures in fact the availability and safeness of information by holding a 
replicatee of all the data, which is distributed among the other sites. 

Thee distributed database architecture is still valid and used, a representative example 
andd a good candidate for distributed systems is the banking application environment where 
alll  the distributed sites share the same database schema and participate in achieving a global 
andd unique task. Another example with a small difference in the distributed database model 
cann be the case of administrating a main hospital with many branches and care centers 
performingg similar activities. 

However,, distributed systems are not fully appropriate for instance in emerging scientific 
applications,, since it is very hard to guarantee the usage of the same data model and software 
toolss for all cooperating/integrating sites. 

'Reliabilityy is defined as the probability that a system is running at a certain time point, whereas 
availabilityy is the probability that a system is continuously available during a time interval [EN 00] 
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Figuree 2.5: Data Distribution and Replication among Distributed Databases 

2.2.22 Integrated Systems 
Inn the main area of integrating heterogeneous and distributed information sources, the in-
formationn integration generally implies uniform and transparent access to data managed by 
multiplee databases. The task of an integrated database system is to answer queries that 
mayy require extracting and combining data from multiple local/remote data sources. An 
importantt distinction in classifying the different strategies for the manipulation of the data 
iss whether to take a physical or a virtual integration approach [FLM 98]. 

1.. In the physical integration, data from multiple sources is loaded into one single com-
prehensivee new database on which all queries are applied. This requires that the new 
databasee needs to be updated when data changes, but the advantage is that adequate 
performancee can be guaranteed at query time. 

2.. In the virtual integration, the data remains at the local/remote sources where it be-
longs.. Queries to the integrated system are decomposed at run time into sub-queries 
too be applied to the local/remote sources, and then the integration of the sub-queries 
resultss must take place on the fly during the query processing. In this approach data 
iss not replicated and is guaranteed to be up-to-date at query time. 

Thee following sections will describe in more details both the physical and virtual inte-
grationss and address different categories derived from these two approaches. The variations 
inn manipulating and handling the exchange of information reside in the manner the data is 
gatheredd and accessed. 

2.2.2.11 Physical Integratio n - warehouses/, malls, or  mart s 

Thee physical integration (also known as materialized approach in some literatures) involves 
extractingg data from a variety of heterogeneous distributed systems and applications, stan-
dardizingg it to fit a global format, transporting it from the place where it belongs, and 
loadingg it in the local database in desired formats. There are essentially two variants of 
materializedd systems [DD 99]: 

a.. Data from the remote systems is extracted, integrated, and stored in a centralized 
database,database, therefore, the remote systems are not used after data is extracted. In 
suchh a system, in case of updates to both data and meta-data of every remote site. 
thee centralized database must be adjusted to reflect eventual changes in the remote 
systems.. The main drawback of this approach is that existing applications have to be 
rewrittenn to fulfil l the new database model. 
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b.. Da ta from the remote sources are imported into one DBMS, the data warehouse. 
Thee difference with the previous case is that the underlying data sources are still 
operat ionall  and the warehoused data is typically not imported directly in the same 
formatt and volume as it exists in local systems. It is mostly transformed, cleaned, 
andd prepared for certain analysis tasks, like data mining and OLAP (Online Analysis 
Processing). . 

T hee physical integration model is considerably adopted and used within data warehousing 
envi ronmentss [FS 9C. CD 97. WB 97. Kar 98] and OLA P databases [Sho 97. VS 99. PP 00]. 
Recently,, several commercial DBMS products provide certain solutions for data warehousing 
andd OLAP. To name a few of them. Oracle Migration Workbench2 [Daly 01]. DB2 Warehouse 
Managerr [ED 01]. Sybase warehouse studio [Syb 99]. SAP /R3 Hummingbird [Hum 00]. 
Hyper ionn [Hyp 01]. Cognos [Cog 00]. and Comshare [Com 00]. They provide1 capabilities that 
specificallyy address the specifications and requirements of data warehousing. Furthermore. 
Thesee software houses provide1 complete open warehouse design and meta-data management 
env i ronmentss that simplify the process of building and managing warehoused data while 
del iveringg impressive flexibility . 

Wi th i nn the Vir tual Laboratory3 project, the physical integration approach can be vali-
da tedd for some applications to support data archiving, cataloguing, and publishing, where 
organizat ionss with similar working environments are able to gather and collect their finalized 
da taa in a global repository to be used for other activities. Archives in scientific applications 
providee storage of information off-line, and makt1 it available when necessary to be used as 
inputt for experiments during a mining session, or an analysis process. Published data in the 
areaa of scientific experimentat ion refers to the final successful experiment results that an 
organizat ion/systemm wishes to make available to outside users. Both archived and published 
da taa represent a huge volume of data that is not susceptible to be changed frequently. 

However,, the physical integration is not fully suitable for large scale interoperable appli-
cat ions,, in which the design and development of a real federated system proves to be more 
appropr ia te. . 

2 .2 .2 .22 V i r tua l In teg ra t io n - Mu l t i -Da tabas e S y s t e ms 

Thee main aim in the virtual integration is to give the1 user the impression of working with a 
singlee DBMS, while, in fact, the data is managed by several individual DBMS. This approach 
iss more appropr iate for building systems where the number of databases is large, the data 
iss changing frequently, and there is littl e global control over the part icipating local/remote 
da taa sources. 

Inn the area of implementing integrated information systems, in which different systems 
needd to collaborate, the development of software layers and tools turn out a necessity. 
Thesee tools facilitate the exchange1 and the sharing of data among collaborative1 systems 
byy t ranslat ing da ta between different applications and making the information distribution 
t ransparentt to the users. Fre>m the implement at ion point of view of niult idatabase systems, 
manyy diffeTe'nt approaches, dealing with this issue, are designed and developed. 

2 h t t p:: / /o tn .orac le .com/tech/migrat ion/workbench/content .h tml 
3Thee Virtual Laboratory project (1999-2003) supported by the Dutch IC'ES/KIS foundation aims at 

designingg and developing hardware and software reference architecture1 and a digital library framework to 
enablee scientists and engineers to work on their problems via experimentation in the field of technical and 
scientificc applications, making optimum use of by modern Information Technology. 



2.2.. A Taxonomy for Information Integration JJ 9 

With i nn the next sections we wil l present and discuss different approaches that have been 
investigatedd in the area of integrating heterogeneous and distr ibuted data sources, namely, 
thee pair-wise translation, the intermediate data format, global schema definition, and the 
node-to-nodee federation. 

Pair-wisee Translation 

Usingg the pair-wise translation, we keep and preserve the various representations of different 
applicationss then, we provide translation tools from one application to another. As depicted 
inn Figure 2.6, within this approach we have to develop a two-side dependent translator tool 
forr every application within the system. Any change in any of the applications, requires 
rewritingg some parts of code, the integration of a new application requires the development 
off  2*N new translators in which N represent the number of communicating applications 
inn the network. 

" ^^ Application_2 

r r J U . . 
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r r 
a. . 
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. . i i 

o o 
£ £ 
E E z. z. 

T T 

z z 
o o 

ï ï 

Applicationn _3 

Figuree 2.6: Two Side Dependent Translation 

Thee two-side dependent translation approach provides the following advantages [AE 95]: 

•• Every application will be designed in a manner that optimizes the considered tasks. 

•• Every module may be extended without any necessary updates in the other parts of 
thee system. 

•• The specific translation to each application reduces the volume of information that 
needss to be exchanged, since every module can execute locally some tasks and send 
thee results in a condensed format. 

•• A more flexible exchange for data and services can be obtained using database stan
dardss for data modeling and information access/exchange (e.g. ODL, OQL, and XML). 
Thesee standards facilitate the logical links and interfaces between different pieces of 
informationn within those interconnected applications. 

Thee pair-wise translation approach better suits in small environments where the number 
off communicating applications is very limited. 
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Intermediat ee Data Interchange Format - Common Data Definitio n Model 

Thee integration approach through intermediate data format develop a general representation 
forr all the anticipated data types, this representation must include some dependencies among 
differentt types. The intermediate data model also makes assumption for its entities both 
forr their representation and the methods of handling them. An entity, e.g. a Triangle for 
instance,, can be represented by its three points in application̂  and by its three segments 
inn application_2. Thus, the handling methods for this entity change from one representation 
too another. 

Figuree 2.7 illustrates the architecture used by the intermediate data format, in which 
everyy application participating in the system must have at its disposal two translators: 

a-- The pre-process or from the application to the intermediate format, which translate 
dataa from the format used by the application and make it available according to the 
intermediatee common format, 

b-- The post-processor from the intermediate format to the application, which takes 
informationn available in the intermediate format and translates it to fit the local format 
adoptedd by the application. 

Figuree 2.7: Access Through the Common Data Model 

Exampless of standards that deploy the intermediate data format and consider it for 
modelingg object structures and representations include STEP. IGES. DXF. SET. VDA. etc. 
[Foww 95. TM 96]. These standards (also reffered to as neutral formats) are designed to fulfi l 
aa number of high level industry requirements, and are based on a number of fundamental 
principless for shared product databases. 

Thee advantage of using the common intermediate definition over the two-side dependent 
translationn is that each application has to communicate only with the intermediate format 
insteadd of communicating with all other applications, thus reducing the number of necessary 
developedd translators, especially when the number of applications grows. 

Nowadays,, the deployment of middleware solutions and standards can extend this ap-
proach,, so the inter-modules communication becomes transparent. The node-to-node inte-
grationn approach, presented in Chapter 6. will benefit from a part of this architecture, in 
which,, database standards will play a role similar to the intermediate data model, in order 
too unify the schema definition, the query language, and the data exchange processes within 
thee integrated applications. 
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Th ee Global Schema Representation - Schema and Data Integratio n 

Thee global schema representation (also known as universal representation in some litera-
tures)) is based on the development of one single representation that manages all types of 
dataa required by the networked applications and completely integrates multiple data sources 
intoo one global database in order to provide a single and coherent view on the data [SP 94]. 
Ass depicted in Figure 2.8, the global schema representation requires that all system com-
ponents,, accessing the single database, shall conform to the shared format and create their 
specificc views based on it. 

View_l l View_2 2 . . .. . View_n n 

\\ "  / 

\ \ * * ' ' ' ' / / 
/ / 

Globall  Shared 
Database e 

Dataa Load 

/ / w w 
Figuree 2.8: Access to the Global Shared Database 

Modularr and extensible systems make this approach not attractive for the following 
reasonss [AE 95, EK 91]: 

•• There is no guarantee that new applications do not need different formats for their 
internall operations, 

•• In today's applications, there is always the introduction of new methods that require 
particularr information structure to be reflected in the underlying database model of 
thee applications, 

•• The use of such a representation, which supports an exhaustive structure, represents 
aa supplementary load for systems that manage simple applications. 

Inn addition, the global integrated schema is hard to maintain and to automate. Further
more,, systems autonomy is often sacrificed in order to solve semantic problems. 

Node-to-Nodee Federation 

Thee information dealt with in federated systems consists of different pieces of information 
gatheredd from disparate local and remote sources and integrated into one coherent view, 
knownn as integrated schema. Therefore, the integrated schema is constructed by merging 
thee structure of the local schema with the various imported schemas. The imported schemas 
representt the part of information that other systems wish to share with the outside wold. 
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Theree are two main features distinguishing a federated system from a tradit ional database 
systemm [FLM 98]: 

1.. A system within the federation does not communicate directly with a local storage 
manager.. Instead, the query execution engine communicates with the corresponding 
wrapperss on top of it. Those wrappers are defined within the federated layer developed 
forr each system. 

2.. The user does not pose queries directly on the schema in which the data is stored. 
Instead,, the user poses queries on an integrated (or mediated) schema defined at the 
federatedd layer of his system. 

Inn the federation approach, every site/user is responsible for integrating the schemas they 
needd for their applications. Support is therefore provided by a federated or mult idatabase 
languagee that contains the syntactic constructs needed for accessing and manipulat ing dis-
para tee and autonomous databases [BBE 99]. In addition to these constructs, a federated 
systemm requires a set of sources defining the mapping rules, the semantics description, and 
eventual lyy the data exchange format. These sources also define the manner in which infor-
mat ionn wil l be imported, integrated, and accessed. 

Thee way in which information is imported, integrated, and accessed in multidatabase1 

systemss differs from one approach to another. They all consider the data distribution, 
thee heterogeneity of information, and the autonomy of the systems part icipating in the 
col laborat ion.. However, visibilit y level for the data and the heterogeneity at the DBMS 
levell  are not fully considered within most of those systems. In addit ion, extensibility for 
neww DBMSs to be considered within the federation is not supported. 

Somee of the commercial products such as Sybase. Oracle. Ingres/Star, and UniSQL/M 
havee extended the functionalities of their systems to support some of the general require-
mentss of the mult i -database systems [HBP 94] [SYE^90]. Therefore, each of these DBMSs 
providess some type of federation4 where the federated schema is commonly defined for all 
thee nodes that part ic ipate in the collaboration. The so-called federated schema is created 
basedd on each node decision about what information is commonly shared. A node can also 
decidee at any t ime to extend, restrict, or remove its shared data. However, the federated 
approachh provided by those systems represent in fact a very limited federation where a node 
iss only allowed to share the same da ta with all the other nodes or do not share any thing. 

Thee UniSQL/M. for instance, is an object-relational mult i-database system that enables 
interoperabil i tyy of multiple databases. Currently. UniSQL/M supports the integration of the 
followingg other database types: UniSQL/X. Oracle. Informix, and Sybase. UniSQL/M gives 
it ss applications and users access to those databases through a single SQL interface, however, 
i tt does not address the visibilit y level of shared data at the local databases. Through the 
registrat ionn process, a database has to decide to share every thing or do not share: thus, 
theree is no support for full federation process as required in different types of applications. 
Furthermore,, user access is defined at the global schema without support for any access 
level,, which is very critical in today's applications. 

Thee mult idatabase approach, as addressed and provided by some commercial products, 
bet terr suits specific applications within the same organization in which, different software 
toolss need to adjust their input /out put. In such a case (within the same environment), 
visibilit yy levels may not be highly required and heterogeneity of used systems and data 
model ingg is not very complex. 

4Federationn provides applications and queries with access to data stored in multiple databases without 
requiringg knowledge of their distributed location. 
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Tablee 2.1 il lustrates and evaluates some of the commercial database systems in terms of 
integratingg information from different sources. The table shows the product name, the used 
dataa model, support for information visibilit y levels, and the consideration of s tandards in 
termss of information modeling, query language, and information exchange. The evaluation 
il lustratess that most of these products are extension to the existing relational DBMSs. in 
whichh the use of standards is well considered, while the information visibilit y levels and the 
node-to-nodee federation are not fully taken into account. Data is usually collected from 
differentt sources and locally (physically) stored according to the global schema definition. 

Product t 

UniSQL/M M 

Sybase e 
Oracle e 
Ingres/Star r 

Dataa Models 

Relational. . 
UniSQL.. Oracle. 
Informix.. Sybase 

Relational l 
Relational l 
Relational l 

Global l 
Schema a 
Yes s 

Yes s 

Yes s 

Yes s 

Visibil i t y y 
Levels s 
No o 

No o 

Yes s 

No o 

Usee of 
Standards s 
Yes s 

Yes s 

Yes s 

Yes s 

Data a 
Expor t t 
No o 

No o 

No o 

No o 

Query y 
Language e 
SQL L 

SQL-Like e 
PL/SQL L 
SQL-Like e 

Tablee 2.1: Commercial Systems Evaluation in Terms of Information Integration 

Thee remaining of this section wil l address three examples of federated systems for which, 
thee adopted architecture is close to satisfy the requirements of today's applications emerging 
fromm scientific and industrial domains. The prototypes concern: 

1.. PEER system [AT\V"*"94] : an object-oriented federated information management sys-
temm support ing the import, export, and integration of heterogeneous and autonomous 
schemas. . 

2.. DIMS of PRODNET II [CA 99]: Distr ibuted Information Management System for an 
I TT platform support ing industrial virtual enterprises, and providing mechanisms for 
inter-operationn and information exchange in real t ime. 

3.. WebFINDIT [BBO+99a]: a system support ing the database equivalent to the World 
Widee Web and addressing interoperability in Web accessible Databases. 

E x a m p l ee 1: P E ER Federa ted S y s t e m5 

PEERPEER [ATW 7+93. ATW+94] is an object-oriented federated information management sys-
temm designed and developed at the University of Amsterdam to support the management, 
sharing,, and exchange of heterogeneous information in a network of loosely/tightly coupled 
nodes.. Using PEER, each node in the federation network can autonomously decide about 
thee information that it locally manages, and which part of its local information it wishes to 
exportt and share with other nodes. Each node can import information that is exported by 
otherr nodes and then transform, derive and integrate (a part of) the imported information 
too fit its interest and corresponds to the local interpretation. PEER is a pure federated 
system:: namely there is no need for a single global schema to be defined on the information 
too be shared by different nodes, and there is no global control among the nodes. 

Thee PEER integration infrastructure helps the human users in a cooperative team, by 
support ingg their information integration at different levels of granularity, e.g. to support 

r,Morcc details related to the PEER federated system and its application in Waternet wil l he later provided 
inn Chapter 3. 
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thee global task, or among different activities and sub-activities. The PEER system provides 
ann environment for the cooperation and information exchange among different nodes in a 
network,, where every node is composed of one server process and may consist of several 
clientt processes. 

Thee PEER information management strategy supports the sharing and exchange of 
informationn among nodes, without the need for data redundancy and/or creation of one 
globall  schema. Therefore, the problems of data consistency, referential integrity and update 
propagation,, and the need for a common glossary of concepts and definitions are eliminated. 

Ass depicted Figure 2.9. every node in the PEER layer is represented by several kinds 
off  schemas: one local schema, a number of import and export schemas. and one integrated 
schema. . 

•• The local schema is the schema that models the information that is available and 
storedd locally within the node. 

•• The various imports schemas model the information that the node needs to access 
fromm other local/remote nodes. 

•• The export schema models the information that a node wishes to make accessible to 
otherr nodes, and 

•• The integrated schema presents coherent pool of information on all accessible local and 
remotee information. 

INTEGRATED D 
SCHEMA A 

i i 

/ / 
/ / 
V V \ \ | | 

LOCAL L 
SCHEMA A 

JW JW 
^ ^ ^ 
vi_ _ 

\ . . ^ * * 

IMPORT T 
SCHEMA, , 

IMPORT T 
SCHEMAN N 

EXPORTT • 
SCHEMA A 

EXPORT T 
SCHEMA^ ^ 

^ ^ \ \ 

-> -> 

Figuree 2.9: Schemas Representation in PEER 

Examplee 2: DIM S of PRODNET II 

Thee European ESPRIT project PRODNET II (1996-1999) [CA 99] designs and develops an 
openn IT platform to support industrial virtual enterprises, with special focus on the needs 
off Small- and Medium-sized Enterprises (SMEs). The PRODNET project provides a VE 
supportt infrastructure, in which the involved SME companies are able to inter-operate and 
exchangee information in real time so that they can work as a single integrated organization, 
whilee at the same time keeping their own independence and autonomy. 

Thee proposed infrastructure for PRODNET II [GR 01], depicted in Figure 2.10, is com
posedd of three main components: the Internal Module (including the PPC and other en
gineeringg modules), the Advanced Coordination Functionalities, and the PRODNET Co
operationn Layer (PCL). More details related to the description of different components of 
PRODNETT can be found in [GAH 01, FAG+00. KRS+99. CL 99, GCL 99. Sch 99, and OAB 
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99].. This section however, will give a brief description of the DIMS component of the PCL 
layer,, due to its relation with the subject of the thesis. 

Advanced d 

Coordination n 

Fonctiooajities s 
O O 

PPC C 
Production n 
Planning g 

andd Control 
Ö Ö 

Engineeringg &  / \ 
II  other interna] modules 

PCLL - PRODNET Cooperation Layer 

STEP P 
Module e 

EDI I 
Module e 

Config g 

Module e 

User r 
Interface e 

Workflow w 
Manager r 

Coordinationn Kernel 

DIM S S 
Distributed d 
Information n 
Management t 

Svstem m 

PCI I 

i n n 
ass § J 

Figuree 2.10: The PRODNET Reference Architecture 

Thee DIMS (Distributed Information Management System) is responsible for modeling 
andd managing the exchange of all integrated VE cooperation-related information, while 
preservingg the autonomy and information privacy of the involved enterprises [GAH 01, 
PAG+00]. . 

Otherr VCL Components 
Externa!!  Modules 
(e.g.. PPC. DBPMS) 

DIMSS service requests/ 
VCLL service answers 

DIM S S 

exportt schema eonfig 

DIMSS service answers/ DIMS service 
VCLL service requests requests/answers 

DIMSS service answers/ 
PPCC service requests 

DIMSS Server Agent 

Export t 
Schema a 
Manager r 

Tool l 

DIMS S 
Kernel l 
Config. . 

Internall  DIMS Database Manager 
(Locall  DB Schema) 

config.. data access 

internall  data access 

Figuree 2.11: General DIMS Architecture Approach 

Thee general reference architecture for DIMS embodies the following components (see 
figurefigure 2.11): 

VCLVCL66 Integrated Schema: provides a unified definition of both the local and the dis-
tributedd VE information that can be accessed by end-users and applications at each 
VEE node. Other VCL components and external enterprise modifies issue federated 
databasee queries on this schema through the DIMS server agent, which takes care of 
thee interaction with the federated query processor, or with the local database schema. 

ExportExport Schema Manager and Tool: encloses the functionality to create and maintain 

°VCL:: VE Cooperation Layer. 
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thoo hierarchy of export schemas that are defined on the VCL local schema, based on 
thee visibilit y of access that need to be specified for a given node. 

•• Federated Query Processor: transparently supports the access to data distributed over 
thee nodes of the VE network, taking into account the specific visibility access rights 
(representedd by export schemas) defined for every node. 

•• DIMS Server Agent: receives and dispatches all the DIMS service requests issued 
byy other VCL modules. The Server Agent first determines the nature of the service 
requestss and then triggers the activation of the involved DIMS internal components. 

•• Internal DIMS Database Manager: represents the server tier that provides the funda
mentall functionalities expected from a database management system including: trans
actionn management , data storage and retrieval facility, stored procedures management. 
SQLL support , da tabase triggers, etc. 

•• DIMS Kernel Configurator: allows the user to specify the configuration of certain 
DIMSS operation parameters (e.g. DIMS users and access security definitions (accounts 
andd passwords). Communicat ion port number of DIMS server, and Timeout duration 
forr distr ibuted queries). 

E x a m p l ee 3: W e b F I N D I T a S y s t e m for  Q u e r y i n g W eb D a t a b a s e s 

WebFINDITWebFINDIT  [BBO+99a] [BBH+99][BB0^99b] focuses on the design and implementation 
off an architecture to support appropriate tools to manage the description of. location, and 
accesss to da ta in the context of highly dynamic networks of information sources. It proposes 
thee use of flexible organizational constructs called coalitions and service links, to facilitate 
da taa organization, discovery, and sharing among Internet accessible databases. 

Inn order to achieve broad and flexible access to those remote information sources. 
WebF INDITT provides the WobTassili as language1 that supports the definition and ma
nipulationn of information using two levels mechanism for Querying Web Databases. At 
thee meta-da ta level, users/applications can explore meta-information about a particular 
da tabase ,, while at the da ta level, they can query actual information stored in databases. 
WobTassilii also educates users about the information available and focuses here on those 
aspectss of the language designed specifically for locating information sources and educating 
users.. The WobTassili framework translates WobTassili queries to the native local languages, 
andd t ranslates results from the native systems format to WobTassili. 

Thoo WebFINDIT prototype has been implemented using advanced object technology, 
includingg CORBA as a distr ibuted computing platform. Java, and Database Connectivity 
Gatewayss to access native databases and to connect to databases. Tho combination of 
technologiess such as CORBA and Java offers a compelling middleware infrastructure to 
implementt wide-area enterprise applications, in which CORBA is used to provide a robust 
communicat ionn infrastructure while Java is used to allow a dynamic deployment of the 
systemm over the Web. Different database management systems' have been used as a test-
bedd for the prototype. 

Ass shown in Figure 2.12 [BBO+99a]. t he WebFINDIT components are grouped in four 
interactivee layers: 

I.. The Query Layer gives users access to WebFINDIT services through two compo
nents:: the browser and the query processor. 

"Accordingg to [BBO+99a], The actual WebFINDIT prototype interconnects 20 databases, which are 
implementedd using four different DBMSs: Oracle. mSQL. DB2. and Object St ore. 
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Thee Communication Layer manages the interactions among WebFINDIT compo-
nentss and mediates requests between the query processor and co-database servers, 

Thee Meta-data Layer consists of a set of co-database servers that store meta-data 
aboutt the associated databases (e.g. information type, location, and coalitions). 

Thee Data Layer has two components: databases and Information Source Interfaces 
(ISIs).. An ISI provides access to a specific database server by delivering requests from 
thee communication layer and retrieving results from the database. 

Queryy Layer 

Communication n 
Layer r 

Meta-data a 
Layer r 

Dataa Layer 

Figuree 2.12: WebFINDIT Components are grouped in four Interactive Layers 

Discussionn of the three Examples 

Inn comparison to the main aspects of the approach suggested in this dissertation for infor-
mationn integration, hereafter, we briefly discuss the three examples presented above. These 
exampless are discussed in accordance to the detailed requirements of distributed, heteroge-
neous,, and autonomous sites, as described in section 1.1. 

Thee PEER system uses its specific languages for modeling and querying the data, which 
makee the knowledge of PEER a must for every application participating in the federation 
community.. The fact that PEER is not based on standards, makes the process of learning 
itss languages and maintaining its applications a hard task that require appropriate skills 
andd expertise in the field. In addition. PEER by itself is a full DBMS that is required 
too be used as the database management system for each application within the federation 
community.. In our opinion, a better approach to information integration must preserve the 
involvedd systems with their existing DBMSs. and provide a higher level of integration that 
logicallyy links those DBMSs in a suitable manner. 

Thee DIMS approach, proposed for PRODNET. provides in fact a comprehensive feder-
atedd solution for a certain type of applications that cooperate together towards the achieve-
mentt of a common and global goal of the VE. Within the DIMS approach of PRODNET, 
userss and their access rights are well defined, however, the heterogeneity issue of different 

Queryy Processor 

CORBA A 
Intelligentt Path Finder 

Co-databas s 
servers s Ó Ó Ó Ó 
Information n 

sourcee interfaces 

Databasee servers 
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sitess of the collaboration (e.g. legacy systems) is left to be resolved by the sites themselves. 
Inn other words, different collaborative sites share a common data model and a common 
queryy language. 

WebFIXDITT provides an architecture to manage and query data in the context of highly 
dynamicc networks of information sources. Similar to many other solutions. WebFINDIT 
usess its specific languages for da ta coalitions and information retrieval, which also require 
appropr iatee knowledge and expertise of these specific languages and modeling concepts. In 
addit ion,, users authent icat ion and their access rights to the information sources are not 
addressedd to the required level. From the global architecture point of view, it seems that 
WebFIXDITT proposes a global solution to access data from external sources, rather than 
providing'' an integration mechanism where different application can cooperate and share 
eachh others data and services. 

2.33 Further Classifications and Categorizations 

Inn this section we evaluate some of the approaches for information integration based on two 
classificationss variant, namely, ( I ) a classification based on the developed approaches, and 
(2)) a classification based on the application requirements. 

Approach h 

Distributed d 

Systems s 

Dataa Warehouse 

Commonn Data 
Definitionn Model 

Pair-Wise e 
Translation n 

Generall  Feder-
atedd Approaches 

Node-to-Node e 
Federation n 

Applicat io n n 
Are a a 
Banking. . 
liospitall  chains, 
etc. . 

Archiving, , 
statistics, , 
decisionn support, 
andd OLAP 
Archiving, , 
statistics,, and 
decisionn making 

Specificc Applica-
tions s 
Business,, and 
scientificc applica-
tions s 

Scientificc domains. 
Businesss applica-
tions. . 

Advantages s 

Availability y 
Reliability y 

Uniformm access to data 
Adequatee performance 
guaranteedd at emery 
time e 
Uniformm access to data 
Dataa is always fresh 

Welll  optimized 

Uniformm access to dis-
paratee databases 

Fulll  federation. 
Goodd visibility level. 
Dataa is not replicated. 
Dataa is guaranteed to be 
freshh at query time. 

Disadvantages s 

Offf  time updates at 
centrall  nodes. 
Performance e 

Updatess need to be re-
flected d 
Dataa is accessed off-
line,, so not up to date 
Hardd to automate 
Hardd to maintain 

Specificc interfaces 

Visibilit yy level is not 
fullyy addressed 

Hardd to build and to 
maintain. . 
Difficul tt to reach an 
agreement. . 

Tablee 2.2: Approaches Evaluation based on the Developed Systems 

Tablee 2.2 evaluates some of the approaches for information integration as developed 
too fulfil l the specific requirements in different application domains. It also outlines the 
advantagess and disadvantages of each approach. Therefore, the deployment of an approach. 
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too be used by an application domain for their information management, is strongly based 
onn the specific requirements of every application. In addition, the final decision concerning 
thee approach to follow also rely on the evaluation and estimation of the gained benefits and 
advantagess against the sacrificed features, which relate to system autonomy, data freshness, 
andd information privacy. 

InIn Table 2.3. we classify the application domains into four categories of Chain Sys-
tems,, Data Archiving and Cataloguing, Data Publishing, and large scale Applications. The 
classification,, which is based on the main characteristics of each application domain, also 
determiness the application type and provides examples of these applications. 

Applicatio n n 
Typ e e 

Chain n 

Systems s 

Dataa Archiv-
ingg and 
Cataloguing g 

Data a 

Publishing g 

Largee scale 
Applications s 

Approach h 

Distributed d 
Systems s 

Centralized d 
Databases s 

Data a 

Warehousing g 

Federated d 
Systems s 

Characteristics s 

Similarr environments at geographically 
distributedd sites. 
Applicationss may use similar data mod-
elss and management systems. 
Dataa is susceptible to change. 
Dataa is gathered from different sources 
inn order to be archived and used by a 
thirdd party (service). 
Archivedd data is not susceptible to 
changee frequently. 
Archivess are usually copyrights pro-
tected. . 
Dataa is collected from distributed 
sources,, cleaned, filtered, and integrated 
intoo one format. 
Dataa is susceptible to change and the 
neww updates need to be reflected. 
Dataa needs to be accessed from different 
remotee resources. 
Dataa needs to be fresh. 

Examples s 

Banking,, hospitals, 
supper-markets, , 
andd insurance 
organizations. . 

Scientificc results. 
Biology,, reference 
databases,, and 
productt informa-
tion. . 

Dataa mining, and 
On-linee Analy-
siss Processing 
(OLAP). . 

Sciencee environ-
ment,, health care, 
business.. and 
industry. . 

Tablee 2.3: Approaches Evaluation based on the Application Requirements 

2.44 Discussion 

Severall  approaches, among the ones presented in this chapter, address the main aspects of 
multidatabasee systems. Namely, heterogeneity, distribution, and autonomy are addressed 
withh a certain level of details. However, the requirements of today's applications are more 
complexx than what is provided, more precisely: 

•• Distribution must be addressed in a manner were data remains at its originating 
sourcee while access to it is gained on-line, when needed and in the requested format. 
Underr the normal consideration, up-to-date data must be gathered from multiple dis
paratee data sources. 

•• Heterogeneity must be supported at the level of data representation (including se
manticc and syntactic heterogeneity) and at the level of DBMSs (e.g. relational model. 
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CODASYLL network model, object-oriented mode1!, and flat files). 

•• Each system within the collaboration community must fully preserve its local auton-
omyomy in terms of controlling its information management . 

•• The import/export of information at each node must be well controlled and very 
flexible.flexible. A node must be able to define as many export schemas as required by different 
applications.. Each export schema shall represent the part of local information the 
nodee wishes to make available for other specific applications. Similarly, a node shall 
importt as many import schemas as needed from its different applications: moreover, 
informationn is imported in the format desired by the requesting applications. 

•• Bilateral agreements need to be established between the members of a collaboration 
networkk in order to define the information to share, the manner to access it. and the 
circumstancess under which the shared information will be used. 

Inn addition, generally most of the proposed approaches lack the means for generalization 
andd only address specific domain-dependent cases. Adding a new site to the cooperation 
requiress considerable expertise and effort in order to interface it with all communicating 
systems.. Thus, support for applications extensibility and evolutions are not guaranteed 
inn most of these approaches. For instance, the PEER federated system provides a loosely 
coupledd federated environment where autonomy is preserved, users visibility rights are sup
por ted ,, and its federated schemas are well defined. However, the existing implementation 
off P E E R requires tha t , for their interaction/cooperation, all the nodes (agents) within the 
federationn community use the same data model (the PEER model) and the same query 
languagee (PEER language) in their "cooperation layer". Similarly. WebFINDIT proposes 
ann archi tecture tha t allows dynamic couplings of Web accessible databases using a common 
da taa model and a common emery language called WebTassili. Thus, for both systems, ex
pert isee is required to build cooperation layers when initiating a new collaboration network 
orr extending the existing federated nodes to support new members. 

Thee approach we propose in chapter 6 is mainly based on and extends the PEER archi
tec turee in defining the type of information managed by each node (namely local, import, 
expor t ,, and integrated schemas). In addition, the approach allows different applications to 
followw widely unders tood formats and common languages for modeling and querying the 
da t a .. Further, it preserves all application's autonomy and builds a federated layer on top 
off each application. Different than the original development of the PEER database system, 
thee information integration approach, proposed in chapter 0, supports the inter-nodes com
municat ionn based on the usage of middleware solutions and standards: namely. ODL for 
schemaa definition. OQL for query formulation, and XML/OIF for data exchange. Moreover, 
t hee solution we propose1 can be considered as a higher abstract level that is used to inter
connectt different information sources, rather than being a new DBMS intending to replace 
t hee existing DBMSs in all networked applications. 


