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DEFINITION

Data Integration(or Information Integratiof is the problem of finding and combining data from differeotises. View-
based Data Integratios a framework that solves the data integration problensfarctureddata by integrating sources
into a single unified view. This integration is facilitateg & declarativanapping languagéhat allows the specification of
how each source relates to the unified view. Depending ornyfhedf view specification language used, view-based data
integration systems (VDISs) are said to follow tBkbal As View (GAV)Local As View (LAVDr Global and Local As View
(GLAV)approach.

HISTORICAL BACKGROUND

Data needed by an application are often provided by a mdéitf data sources. The sources often employ heterogeneous
data formats (e.g. text files, web pages, XML documentstiosial databases), structure the data in different waysand

be accessed through different methods (e.g. web formshaksdeclients). This makes the task of combining information
from multiple sources particularly challenging. To cartyut, one has to retrieve data from each source individually
understand how the data of the sources relate to each ottemarge them, while accounting for discrepancies in the
structure and the values, as well as for potential incomsisées.

The first to realize this problem were companies willing teegrate their structured data within or across organinatio
Soon the idea of integrating the data into a single unifiev\@energed. These systems, to be referred as view-based
integration systems (VDISs) would provide a single pointio€ess to all underlying data sources. Users of a VDIS(or
applications) would query the unified view and get back iraegd results from all sources, whereas the task of comipinin
data from the sources and resolving inconsistencies waurdlkd by the system transparently to the applications.

The VDISs made their first appearance in the form of multidases and federated systems [11]. Subsequently the
research community dive into the problem of specifying theespondence between the sources and the unified view. The
outcome were three categories of languages to express tfesgondence (GAV, LAV and GLAV) together with several
related theoretical and system results. The industry atdwraced the view-based integration framework by creatiagym
successful VDISs (e.g. BEA AquaLogic, IBM WebSphere).

SCIENTIFIC FUNDAMENTALS

Abstracting out the differences between individual systeartypical VDIS conforms to the architecture shown in Féglir
Sources store the data in a variety of formats (relationtleses, text files etc.). Wrappers solve the heterogemetityei
formats by transforming each source’s data model to a conaataenmodel used by the integration system. The wrapped
data sources are usually referred to as local or source atapthe structure of which is described by corresponding
local/source schemas. This is in contrast to the unified eported by the mediator, also called global/target daba
Finally mappings expressed in a certain mapping languagggdtdd as lines between the wrapped sources and the ngdiato
specify the relationship between the wrapped data soureestfie local schemas) and the unified view exported by the
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Figure 1: View-based Data Integration System (VDIS) Aretiitire

mediator (i.e. the global schema).

Given a VDIS, applications or users retrieve data from therses indirectly by querying the global schema. It is the
task of the mediator to consult the mappings to decide whith tb retrieve from the sources and how to combine them
appropriately in order to form the answer to the user’s query

VDISs can be categorized according to the following threerazes:
Common data model and query languagehe data model and query language that is exposed by the amapp
the mediator and by the mediator to the applications. Conynased data models include the relational, XML and
object-oriented data model.

eMapping LanguageThe language for specifying the relationship of source& Wit view. Languages proposed in
the literature fall into three categorieGjobal As View (GAV)Local As View (LAVandGlobal and Local As View
(GLAV) Being one of the most important components in a VDIS, theseliacussed in detail below.

eData storage method.The decision on the place where the data are actually stofdmk two extremes are the
materialized and the virtual approach (see [14] for a compa}. In the materialized integration (also known as
eager, in-advance or warehousing approach), all soureeaglatreplicated on the mediator. On the other hand, in the
virtual mediation (e.g. Infomaster [6]) (or lazy approacthe data are kept in the sources and the global database
is virtual. Consequently, a query against the global da@lannot be answered directly but has to be translated to
queries against the actual sources. Finally, some systemlog hybrid policies, such as virtualization accompanied
by a cache .

1 Specifying the Relationship of the Sources with the Unified Vie w

To allow the mediator to decide which data to retrieve fromhesource and how to combine them into the unified view, the
administrator of the VDIShas to specify the correspondd&eteeen the local schema of each source and the global schema
through mappings.

The mappings are expressed in a language, correspondirgyn® class of logic formulas. Languages proposed in the
literature fall into three categorie$lobal As View (GAV)Local As View (LAVandGlobal and Local As View (GLAY)

In GAV the global database (schema) is expressed as a faraftithe local databases (schemas). LAV on the other hand
follows the opposite direction with each local schema bealagcribed as a function over the global schema. Therefore
LAV allows to add a source to the system independently ofrasberrces. Finally GLAV is a generalization of the two.
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Figure 2: Local and Global Schemas of the running example

This section presents each of these approaches in detagixgtains their implications on the query answering aldyonis.
Essentially each of them represents a different tradeeiffiéen expressivity and hardness in query answering.

Running Example. For ease of exposition, the following discussion employsnming example of integrating information
about books. The example employs the relational data modéloth the sources and the global database. Moreover the
query language used by the users to extract information fieenglobal database and in turn by the mediator to retrieve
information from the sources is the language of conjundajiveries with equalities({Q~); a subset of SQL widely adopted

in database research.

Figure 2 shows the employed local and global schemas. Raktre depicted in italics and their attributes appear erdst

in them. For instance, the global scher@ian Figure 2b consists of two relations Book and Bdddice. Relation Book
has attributes ISBN, title, suggested retail price, authod publisher, while Boalrice stores the book price and stock
information for different sellers. Data is fueled into thgstem by two sources; the databases of the bookstore Barnes &
Noble (B&N) and the publisher Prentice Hall (PH), with théhemas shown in Figure 2a. Note that there are two versions
of the PH schema, used in different examples.

1.1 Global As View (GAV)
Historically the first VDISs followed the Global As View (GA\approach ([7, 12]), in which the global schema is described
in terms of the local schemas. In such systems the conteetsobfrelation? in the target schem@ are specified through
a query (view)V over the combined schemas of the sources.
Thus in GAV the correspondence between the local schemashanglobal schema can be described through a set of
mappings of the form

Vi — I(R;)

one for each relatioR; of the global schema.(R;) is the identity query oveR; (i.e. a query that returns all attributes®y)

Example: Consider the following two GAV mappifgs
M1 : Vl — I(BOOk)
My : Vo — I(Book_Price)

whereV; (ISBN, title, sug_retail, author Name, “PH”) : — PH Book(ISBN, title, authorI D, sug_retail, format),
PH Author(authorI D, author Name)
and VL(ISBN, “B&N”, sug-retail,instock) : — PH Book(ISBN,title, authorI D, sug_retail, format),

1For the examples, the identity queFyover some relation is considered to return the attributebatfrelation in the same order as they appear on the
schema in Figure 2
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Figure 3: Example of GAV Mappings

BN NewDeliveries(ISBN, title, instock)

The mappings are graphically depicted in Figure 3a and b, escdbed in [9]. This is similar to the way mostapping
tools(i.e. tools that allow a visual specification of mappingsigtsas IBM Clio and MS BizTalk Mapper, display mappings.
Mapping M, intuitively describes how Book tuples in the global databae created. This is done by retrieving the ISBN,
title and sugretail from a PHBook tuple, the author from the corresporgdifHAuthor tuple (i.e. the PHAuthor tuple with
the same authorID as the PHBook tuple) and finally settingotitdisher to “PH”(since the extracted books are published
by PH).

Similarly, mapping), describes the construction of the global relation Bderice. This involves combining information
from multiple sources: the price from the suggested retédlepinformation provided by PH and the inventory infornaati
from B&N, because B&N'’s administrator knows that B&N's séts books at the suggested retail price.

Query Answering in GAV. GAV mappings have aroceduralflavor, since they describe how the global database can be
constructed from the local databases. For this reasony @usivering in GAV is straightforward, both in the matedel

and the virtual approach.

In the materialized approach, the source data are repigathe global database by executing for each mapping I(R;)

the queryV; against the local databases and populafijgvith the query results. Subsequently an application qdgry
against the global schema is answered by simply run@irnyer the materialized global database.

On the other hand, in the virtual approach data are kept isdlheces and thus a query against the global schema has to
be translated to corresponding queries against the lobaihsas. Due to the procedural flavor of GAYV, this can be done
through view unfolding (i.e. replacing each relationalmatof the global schema in the query by the corresponding view
definition). Intuitively whenever a query asks for a globalation R;, it will instead run the subquery; over the local
schemas, which, according to the mapping— I(R;) provides the contents d;.

Advantages. The simplicity of the GAV rules together with the straigloifvard implementation of query answering, led
to the wide adoption of GAV by industrial systems. From theesrch sector representative GAV-based VDISs systems are
MULTIBASE [11], TSIMMIS [5] and Garlic [2].
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Figure 4: Example of LAV Mappings

Disadvantages. However GAV has also several drawbacks:

First, since the global schema is expressed in terms of tlressglobal relations cannot model any information not present
in at least one sourcekor instance, the Book relation in the example could notaaran attribute for the book weight,
since no source currently provides it. In other words, tHaevaf each global attribute has to be explicitly specifieél. (in

the visual representation all global attributes must havmeoming line or an equality with a constant).

Second, as observed in mappihf; of the running examplea mapping has to explicitly specify how data from multiple
sources are combined to form global relation tupl&berefore GAV-based systems do not facilitate adding acgotar the
system independently of other sources. Instead when a neweswants to join the system, the system administrator has
to inspect how its data can be merged with those of the otheces currently in the system and modify the corresponding
mappings.

1.2 Local As View (LAV)

To overcome the shortcomings of GAV, researchers came upthédt Local As View (LAV) approach ([7, 12]). While in
GAV the global schema is described in terms of the local sea®erhAV follows the opposite direction expressing each
local schema as a function of the global schema. LAV esdbntiarresponds to the “source owners view” of the system by
describing which data of the global database are presehtisdurce. Using the same notation as in GAV, local-to-dloba
correspondences can be written in LAV as a set of mappings:

one for every relatioR?; in the local schemas, whetg is a query over the global schema anthe identity query.

Example: Figure 4 shows the following two LAV mappings ferrtimning example:
M{ : I(PHBOOkcondensed) - Ul
M} : I(BN NewDeliveries) — Us

whereU; (ISBN, title, author, sug_retail) : —  Book(ISBN,title, sug_retail, author, “PH”)
and U,(ISBN,title, instock) : — Book(ISBN, title, sug_retail, author, publisher),
Book_Price(ISBN, “B&N” | sug_retail, instock)

For instance, M, specifies thatP H Book condensea CONtains information about books published by PH. Simyladl/;
declares thatBN NewDeliveries contains the ISBN, title of books sold by B&N at their sugegsetail price and
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whether B&N has them in stock.

In contrast to GAV mappings, LAV mappings havdeclarativeflavor, since, instead of explaining how the global database
can be created, they describe what information of the gldatlbase is contained in each local database.

Advantages. LAV addresses many of GAV problems with the most importaidéhat sources can register independently
of each other, since a source’s mappings do not refer to setheces in the system.

Disadvantages. However, LAV suffers from the symmetric drawbacks of GAV.darticular it cannot model sources that
have information not present in the global schema (thisesrétason why the example above used the condensed version
of PH’s schema that did not contain the attribute format,clvhis not present in the global schema). Furthermore, due
to LAV's declarative nature, query answering is non-tivdaay more, as described next. Mainly because of its technica
implications to query answering, LAV has been extensivélylied in the literature. Representative LAV-based system
include Information Manifold [10] and the system descrilrel3].

Query Answeringin LAV. Since LAV mappings consist of an arbitrary query over théglschema, they may leave some
information of the global database unspecified. For ingamappingl/} above only states that B&N sells its books at the
suggested retail price, without specifying the exact pritieus there might be infinitely many global databases thaldco

be inferred from the sources through the mappings (eacteaf thould make sure that each pair of Book and B&uice
tuples created from a BNNewDeliveries tuple share the sathevor price but each such global database might choose a
different constant for the value). These databases aexigaibsible worldsTheir existence has two importantimplications:
First, since there does not exist a unique global databbsannot be materialized and therefore LAV lends itselfdrett

to virtual mediation. However, there is still a way of replimg source information in a centralized place. This inesl
creating a “special” database that intuitively stores thregal shape of all possible worlds.  This “special” datelias
calledcanonical universal solutioand can be built through procedures employed in data exeh@a].

Second, since there exist many global databases, the qunewedng semantics need to be redefined. The standard
semantics adopted in the literature for query answeringfvthased systems are based on the notionesfain answers

([1, 8]). The certain answers to a query are the answers tajtieey, which will always appear regardless of which
possible world the query is executed against (i.e. the suiiat appear in the intersection of the sets of query answers
against each possible world). Intuitively certain answetsrn information thais guaranteedo exist inanypossible world.

Example: For example, if in the integration system of Figdira query asks for all ISBNs that are sold by some seller at
their suggested retail price, it will get back all ISBNs stdrin relation BNNewDeliveries, because for each of therg, an
possible world will contain a pair of Book and Badékice tuples with the same ISBN and the same prices (alththege
prices will have different values between possible world3h the other hand, if the query asks for all books sold at a
specific price, it will not get back the ISBNs from BNNewDxles, because their exact prices are left unspecified by the
mappingM and will therefore differ among possible worlds.

In order to compute the certain answers to a query in a viftuagration system following the LAV approach, the query
against the global schema has to be translated to correisgogaeries against the local schemas. This problem isccalle
rewriting queries using viewgecause the query over the global database has to be addweusing the sources which

are expressed as views over it) and is of interest also ta atleas of database research, such as query optimization and
physical data independence (see [8] for a survey). In centeaGAV, it is a non-trivial problem studied extensively by
researchers.

1.3 Global and Local As View (GLAV)
To overcome the limitations of both GAV and LAV, [4] proposaahew category of mapping languages, called Global and
Local As View (GLAV), which is a generalization of both GAV @h.AV. GLAV mappings are of the form:

Vi=U;

whereV;, U; are queries over the local and global schema, respectively.
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Figure 5: Example of GLAV Mappings

GLAV languages can trivially express both GAV mappings aff Imappings by assigning t0; a query returning a single
global relation or tdV; a query asking for a single local relation, respectivelywdeer GLAV is a strict superset of both
GAV and LAV by allowing the formulation of mappings that dotrall either under GAV or under LAV (i.e. mappings in
which V; andU; both do not return just a single local or global relation).

Example: Figure 5 shows two GLAV mappings. The first mapgrtge GAV mappind/; first presented in Figure 3a,
while the second mapping is the LAV mappivig used in Figure 4b.

SinceU; (a.k.a. the conclusion of the mapping) can be an arbitragrygover the global schema, GLAV allows the
independent registration of sources in the same way as LéWedier this also implies that the global database is incetapl
Consequently, query answering in GLAV is usually done urmtain answer semantics, by extending query rewriting
algorithms for LAV ([15]).

2 Alternatives to VDISs
Apart from the VDISs, research and industrial work led to ynalternative approaches to data integration of structdeata:

Vertical Integration Systemare specialized applications that solve the problem of @atgration for a specific
domain. For example, www.mySimon.com or www.rottentoreatoom integrate price and movie information,
respectively.

eExtract Transform Load (ETL) Toofgenerally facilitate the actual migration of data from opstem to another. When
used for data integration they are closely tied to the prold¢ materializing the integrated database in a central data
warehouse.

Compared to these solutions, VDISs offer a more generaloagprto data integration with the following advantages:
(a) The relationships between the sources and the unified aie explicitly stated and not hidden inside a particular
implementation, (b) a general VDIS implementation can bedua many different domains and (c) a VDIS deployment
can be easily utilized by many applications, as shown inféidu In a way VDISs are analogous to Database Management
Systems, offering a general way of managing the data (winidf1Ss are heterogeneous and distributed), independently
of the applications that need those data.



Finally, another alternative to VDISa are Peer-to-PeelPjARtegration Systems that drop the requirement for a singl
unified view, allowing queries to be posed over any sourcerseh Although it is an active area of research, P2P systems
have not yet been widely adopted in industry.

KEY APPLICATIONS

VDISs are used for integration of structured data in marfediht settings, including among others enterprises, govent
agencies and scientific communities.
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