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Abstract

The CORDS Multidatabase SystgiMDBS) providesapplications with an integrated
view of a collection of distributed heterogeneous data souisgglicationsare presented
with a relational view othe availabledataand areable to accesthe datausing standard
SQL operations. An applicationgew of the data iglefined by gprocesscalled schema
integration. Thispaper describeshe schema integration method developfat the
CORDS MDBS and outlines a set of tools to support the method.

1. Introduction

Recent progress itommunication and database technologies has drastically changed user
dataprocessing capabilities. Thaurrent datgorocessing situation is characterized by a
growing number of applications that require accessldta fromvarious pre-existing
databases distributed among sites ineawork. These databases g@re-existing in the
sense that they werereatedindependently, in an uncoordinated wayithout any
consideration of future integratiomhey can also bbeeterogeneous, that is theyay use
different underlyingdatamodels, differentlatadefinition and manipulation facilities, and

run under different operating systems and on different hardware [2].

There are three approaches to integrating these databasefsiisephysical
integration of all data needed by application intoone database. The drawbackstis
method are that it isxpensive, idoes notallow maintainingdataindependently, and it
leads to unnecessary replication. The second approach is prawigirggperability that is
integration at the access langualgeel, which provides users with functions for
manipulatingdata invisibly distinct databases [10]. Interoperability is convenient for

" This research isupported by IBMCanada Ltdand the NationaScienceand EngineeringCouncil of
Canada.
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database administratosince itdoes notrequire data integration, but places an extra
burden on application developers by forcing thenexplicitly dealwith a variety ofdata
sources. The third approachlagjical integrationof all data used by aapplication into

one logical database which gives the application developers a single interface and hides the
differences amonghe component databases (CDBSs). Popuamesfor this type of

system are federated database systems and multidatabase systems (MDBSS).

One way to viewthe work in the area dIDBSs is to look at theystems and
solutions in the threadimensional space defined by distribution, heterogeneity and
autonomy. The prior research in distributed databases dealt wittprtideems of
distribution. The current research is focused orptbelems related to heterogeneity, and
the problems related to autonomy have sorfat been addressed. ddt of theresearch
into heterogeneity has studied system issues such as transaction management, concurrency
control and recovery. Much less progress canléienedregarding thesemantic issues of
heterogeneity [15].

Schema integrationyithin the context of MDBSs, is the process amimbining
related schema objects from liple CDBSs into a singléogical view ofthe combined
data.Semantic heterogeneity appears durkiehema integration ithe form of schema
conflicts among the CDBSsschemas whiclresult from eitherthe use ofdifferent
structures for theame information or frorthe use oflifferent specification$or the same
structure,which includes differentlata models, namesjata typesand constraints for
semantically equivalent objects.

In the paper we presentsahema integration methodology and descrilsetaof
tools to support the methodology. Thamainder ofthe paper is structured &sllows:
Section 2. outlines the CORDS MDBS project, andfly describeghe systemstructure
and theschemaarchitecture of the MDBS. Section 3. presents dtlgema integration
environment developedor the CORDS MDBS. Itdiscusses a method fachema
integration based on amalysis ofthe conflicts present ithe CDBSs’schemas and then
outlines a toolkit developed tsupport the method. Section 4. presentsnéegration
scenario whichuses the method and toolkit. Sectiondiscusses relatedork and
Section 6. summarizes the paper.

2. CORDS MDBS

CORDS (COnsortium for Research on Distributed Systems) was a collaborative research
projectinvolving the IBM Centre forAdvanced Studies, IBM Research andwmber of
universities in Canada artlkde UnitedStates. The focus of CORDS was tlevelopment,
operation, andnanagement of distributed applicationscéincentrated omssues within

five core areasapplication management servicdatamanagement services, visualization

and user interfaces, development languages taat$, and midware andigh speed
networks [5].

The CORDS MDBS [2] as indicated tye system architecture diagram in Figure
1, is a full-functionDBMS. The commordatamodel used irthe CORDS MDBS is the
relational model, so schemas define a collectiodaté in terms ofelational tables and
their columns anény applicableconstraints. Applications interact with a MDBS Server
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Figure 1: CORDS MDBS Architecture

via a library of interface functions callaie MDBS Jient Library. A MDBS Server
performs DBMS functions, such as query processing and optimization, transaction
management, and security, the global level. AMDBS Server connects to a CDBS
through a Servelribrary whichaccepts SQL request®m the MDBS, interacts with the
CDBS through its normapplication program interface, and then translétesresponse

into the form expected bythe MDBS. CDBSs currenthgupported by the prototype
include the Empress Oraclé, and DB2/6000 relational systentae IMS hierarchical
database system, and VAX DBNKSnetwork databasgystem. A key difference between

the CORDS MDBS and eommercialDBMS s itsreliance on services provided by the
surrounding environment, in particular security services, transaction management services,
and an information repository service to maintain the MDBS Catalog.

The MDBS Catalogis the central repository for metadata needed by the
multidatabase system. Three classes of metadataequired: schemasappings, and
descriptions of CDBSsTwo types of schemaare stored: exporschemas and MDBS
schemas. Aexportschema definethe datamade available tthe MDBS from a CDBS
and MDBS schemadefine collections otlata at the MDB3evel whichare drawnfrom
the exported data. Theappings needed to transfoerportschema objects into MDBS

! Empress is a trademark of Empress Software Corporation.
% Oracle is a trademark of Oracle Corporation.
¥ DB2/6000 and IMS are trademarks of International Business Machines Corporation.

4 VAX DBMS is a trademark of Digital Equipment Corporation.
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Attribute |Relation Schema

Data Type

Scale

Precision

Default Value
Name

Key

Isomorphism

Union Compatibility
Abstraction Level
Missing Data
Integrity Constraint X

XX | X | X| X

XXX X XX

Table 1: Schema Conflict Classification

schema objectare created during trechema integratioprocess. As shown in Figure 1,
the schema integration tools are viewed as an application by the MDBS.

3. Schema Integration Environment

The process oschema integration ithe CORDS MDBS takeschemas from aet of
CDBSs and produces one or more integrated views of the available data. We do not define
a single all-encompassimgobal schemaut insteadlefineMDBSschemado provide the

data for individual applications, or groups of applications. MDBS schareasjuivalent

to federated schemass defined bySheth and Larson [14]. MDBS schenaae made up

of virtual global relations we calilDBS Views

MDBS Views are views that span multiple heterogeneous databasesar€likey
relational views in that thewre notphysically materializedbut rather are stored as
mappings whichare invoked whenever an MDB®iew is accessed. The syntax for
MDBS Views extendshe standard SQlziew definition facilitywith support forattribute
contextsand transformation functionsAttribute contexts are used tdescribe the
semantics ofhe attributes and transformatifumctionsare used to resolvgeveral types
of schema conflicts.

3.1. Schema Conflicts

The key issue in schema integratiorthe resolution otonflicts amonghe scheras. A
schema integratiomethod, therefore, can bheewed as aset of steps tadentify and
resolve conflicts. Schema conflicepresentifferences irthe semantics different schema
designers associate with syntactic representations idataaefinition language so it is
not practical to attempt tlully automate thechema integratioprocess. Our approach is
to develop a method and a set of tools to assistdhemantegrator. Figure 2 contains a
set ofexample CDBS schemas whiahe used to illustrate the types of scheroaflicts
discussed below. The schemas desadifa for themanagement of individuaksearch
projects withinCORDS at three of the md@r universitiesSQL tabledefinitions of the
CDBS relations are given in Appendix A.
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The firststep indeveloping a schema integration method iglemtify andclassify

the schema conflicts handled during integration. A number of classifications desere
proposed, forexample Kim and Seo [8] and Missier and Rusinkiewicz [10]. Our
approach, as shown rable 1, classifies conflictsccording tatwo dimensions: location
(columns in Table 1) and tygeows inTable 1). The location of a confligjjiven that our
integration model is based on the relational data model, can be either in an atathirte,
a relation or within a schengthat isinvolve multiplerelations). Our set afonflict types,
based on the categorization of Missier and Rusinkiewicz, include the following:

1.

Data type conflictsoccurwhen semantically equivaleattributeshave different types.
For example,the identifiers for research projects iI€DBS1, “Projectld”, and in
CDBS2 “ProjectinfoProjld”, are of type integer and char(10), respectively.

Scaleconflicts arise when semantically similar attributes use different units of measure.
For instance, the project budgets @DBS2, “Projectinfo.Budget”, andCDBSS3
“Proj.pBudget”, are in thousands of dollars and in dollars, respectively.

Precision conflicts arise when different granularity@are used forsemantically
equivalentattributes. Foexample emailaddresses i€@DBS1, “Members.Email”, and
in CDBS2 “Personnel.Email’,are local addresses antlll Internet addresses,
respectively.

Default value conflicts occur when attributesdefined inthe same domain carry
different default values from that domakor example the defaultvaluesfor project
lengths inCDBS1 (“Project.Length”) andCDBS3 (“Proj.pLength”) are Q/ears and 1
year, respectively.

Name conflicts occur when either semanticallgimilar objects carry differenhames
(synonyms), or whesemanticallyunrelated objects carry tlsame name (homonyms).
For instance, project participants ar@led “Members” inCDBS1 and “Personnel” in
cbBSs2

Key conflictsoccurwhentwo or more relations modelemantically equivalent gdrts
but have semantically different keylSor example the key for the project participant
table is “Members.Phone” @DBS1and “Personnel.EmpNo” i8DBS2

. Schema isomorphism conflicts arise when a different number aftributes, or

relations, are used tdescribe semanticallgimilar objects. Forinstance project
participants’ addresses are described by doenbination of the  attributes
“Members.Street”, “Members.City” and “Members.AptNo” @DBS1 and by the
single attribute “Personnel.Address"@iDBS2

Union compatibility conflictsoccur betweertiwo relations if there is anismatch in
the number, or inthe domains, ofthe attributes. Forexample, the relations
“Deliverables” inCDBS2 and “Milestones” inCDBS3are not union compatible.
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CDBS1 - Queen's University

Project (d, Name, PI, Description, Budget, Length)
Members (Name, Position, EMaihone Office, Street, City, AptNo, Wage)
MileStones Name, ProjectidExpDelDate, ActDelDate)

CDBS2 - University of Michigan

Projectinfo Projld, Name, Leader, Budget, StartDate, EndDate)
Personnel (ProjlcEmpNQ Name, Address, Phone, OfficeNo, Email, Salary)
Deliverables lame, Projld DeliveryDate)

CDBS3 - University of Western Ontario

Proj (pld, pName, pDescription, pLeader, pStatus, pBudget, pLength)
Employees€Num eProj, eName, eAddress, ePhone, eEmail, eSalary)
StudentsgNum sProject, sName, sAddress, sPhone, sOffice, sEmail, sSalary)
Milestones nName, mProjectldnDescription, mDate)

** Primary keys for the relations are showntaiics.
Figure 2: Example CDBS Schemas

9. Abstraction level incompatibility conflicts occurwhen semanticallgimilar ohects
are described different levels ofabstraction. Foexample,project participants are
described as either “Employees” ®tudents” inCDBS3 and as the more geral
entity “Members” inCDBS1

10.Missing data conflicts arise when an object is describedneschema by a subset of
the attributes used in the othgcthema.For examplethe relation“Deliverables” in
CDBS2contains a subset of the attributes in “Milestone<CBS3

11.Integrity constraint conflicts arise whethere ardifferent integrity constraints for
semantically similaobjects. This type of conflict isot considered in thipaper but is
discussed elsewhere [3].

3.2. Schema Integration Method

Our schema integration method decomposes schema integration into a nundstsof

which may be linkedogether into arterative process as shown in Figure 3. We expect
that a usemay return toany ofthe previous steps andsingthe feedback obtained by
moving through the process, either modify or augment the schemas at any stage. The steps
break down conflict resolution according to the locations of the conflicts.

11/30/95 6



3.2.1. Export

Exporting a localschema(or portion of alocal schema) makes that schema, and its
corresponding dateavailable tothe MDBS. The export taskivolves two activities:
translating thelocal schema into its correspondingpresentation in theommondata
model, and providing theontextghrough which the data can be interpreted.

Attribute contexts support the resolution of attribleteel conflicts by providing a
mechanism to describéhe semanticproperties of the attributes, fexampledata type,
scale, precision, etc. Tloentextof an attribute consists of a numberfatetswhere each
facet corresponds to a semantic property. The facets included in the context are

1. uniqueness constraintspecifies thatwo tuples cannohavethe same valudor the
attribute;

2. cardinality - constraint on th@umber of values that can Ipeesent in the attribute
(ust NULL or NOT NULL in relational);

3. type- set of values from which an attribute may draw;
4. precision -specifies the granularity of the data values;

5. scale- specifieghe interpretation of thealues, forexample unit of measurement for
numeric and language or code for nonnumeric;

6. default value specifies the default value assumed if no value is provided.

\ l / Input Schemas

Export

' ' ' Export Schemas

Resolve Attribute Conflicts

/ / /
Resolve Relation Conflicts

' ' ' MDBS Views
Resolve Schema Conflicts
Merge
l MDBS Schema

Figure 3: Schema Integration Process
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3.2.2. Resolve Attribute Level Conflicts

Corresponding attributes frothe variousexportschemasreidentified and mapped to a
MDBS attributeusing the MDBS View definition. Name conflictsare resolved byhis
mapping. Theothertypes of attributdevel conflicts, which involvehe context facets, are
resolved by the introduction dfansformation functiondo mapthe export attribute
contexts to the MDBS attribute context. A transformationction is a user-defined
function which is applied tthe datarom a CDBS toconvert it into the format expected
by the MDBS user. Foexample, a transformation functiomay bedefined toconvert a
data value expressediithes intoone expressed in feet, or transformation functiaghin
be used tacombine a number dadttributes into a single attribute to resolvesadema
isomorphism conflict.

3.2.3. Resolve Relation Level Conflicts

Relations fronthe variousexportschemas thatepresensemantically equivalent @xts
are identified and conflicts that occur within the scope of these relations are resohged
transformation functions.

3.2.4. Resolve Schema Level Conflicts

Schema level conflicts involvenore than one relatiowithin a singleexport schema.
Conflicts of this typeareusuallyresolved bycombiningthe relations into a singlegical
relation using a join or union within the MDBS View statement.

3.2.5. Merge

A MDBS View definition is created thattcombinesthe corresponding MDBYiews
created from the individual export schemas in the previous steps.
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Integration Tools
Schema Thesaurus Trans Fcn MDBS Vie
Translator Library Mgr| |Compiler

Common Services

Edit Repositor| Browse G_raphlcal
Interface Display

MDBS
Catalog

Figure 4: Schema Integration Toolkit

3.3.  Schema Integration Toolkit

The CORDS Schema Integration Toolkit is a set of taat$ services tsupport aVMIDBS

DBA usingthe schema integration method described aboveréate MDBSSchemas. It

has an AIX Windows graphical interface and was developed dSA#000 rachine. It

runs as an application die CORDS MDBS. The structure of the prototype is shown in
Figure 4. A user performinthe integration tasks described in Section 3.2 uses one or
more of theavailableintegration tools to carrput eachtask. The integration tools, in
turn, areimplemented usingone or more of the&Common Services provided by the
environment.

The integration tools available include the following:

1. Schema Translator The schemadranslator is a tool that automates the translation
from one datamodel toanother. It takes as inputfile containingthe local schema
expressed in terms of the lockltamodel. Theoutput is dile containingthe schema
expressed in terms of the desigatamodel. Currently waupporttranslation among
schemas defined in relational, hierarchicatwork and object-orientedodels. The
schematranslator automatically generatebasic export table definitions from the
translated schemavhich can then be marally edited, augmented with facet
information, then submitted to the MDBS. The translation process is described in
detail elsewhere [1].
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2. Thesaurus The thesaurus is used help with name conflictesolution. It stores
information aboutrelationships, in particulasynonyms, amongbject names. Users
are able to add information to the thesaurus as nemames and relationships are
encountered. The thesauraisalyzes a schema expressethmmcommondatamodel
and highlights possible relationships among naméseischema with names currently
stored in the thesaurus. It may also be used in conjunction with the browser.

3. Transformation Function Library Manager : A number of basic transformation
functions have been implementedtie schema integration environmefay example,
functions that convert integers to character strings or convert from one character
length toanother. Thes@&nctionsare maintained in a library byhe Transformation
Function LibraryManager. Descriptions of the transformatfanctionsare stored in
the MDBS Catalog anchay beaccessed usinthe Browser. Irresolving a conflict,
the user searches the Catalog for an appropriate transforrhataion and, if one is
found, a call to that function iacluded inthe MDBSView definition. Transformation
functions are later invoked frothelibrary bythe MDBS. If asuitable transformation
function isnot found in thelibrary the user camvoke the Editor, creatandcompile
new transformation functions, and then add them to the library.

4. MDBS View Compiler: The MDBS View Compiler parses and checks an MDBS
View definition and then stores the appropriate information in the MDBS Catalog.

The Common Servicesvailable inthe Schema Integration Environmeatte used
by the integration tools or may be invoked directly by a user. They include the following:

1. Editor: A commoneditor is used to create anabdify MDBS View definitions and
transformation functions.

2. Catalog Interface The Catalog Interface is a set of routines used to access the
MDBS Catalog. Themplementation othe Catalog and thmterfaceare described
elsewhere [9].

3. Browser: The MDBS catalog browseillows users to browse and queng catalog
to find out what objects are currentyvailable visthe MDBS. The browsdacilitates
the selection ohames andttribute types during the exportation stageoiider to
simplify the integratiormappings. Filters allow users to loc@#tms with particular
properties. The implementation of the browser is described in detail elsewhere [9].

4. Graphical Interface: A common graphical interface is used & the tools to
facilitate easy movement through the steps of the schema integration process.

4. Scenario for Schema Integration

In this section, we provide sample scenario tehow how the tools and methegdn be

used tocombinedatafrom differentsources into a singlegical view. To illustrate, we

use the sample component database schemas shown in Appendix A. Personnel
information is stored local to eachCDBS. For ourscenario, we show howhis
information may be logically combined in a step-by-step manner so thayibeaccessed

as a single logical relation.
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4.1. Export

Export schemasare defined using an extend&®QL. An exporttable definition includes
the exportable name (which must be unique wittine MDBS), the attribut@eames and
types, and informatiombout the component data source (the site, the databdsthe
table where the actualata resides).Unique namesre created by concatenatisge

name, schema name and table name. Additional semantic informmtyobeadded to the
attributes by thénclusion offacets. The current prototydlowsfor the specification of
cardinality, domain, range, scale (units) and default values.

Initial versions ofexport tables areproducedfrom the CDBSschemas by the
Schema Translatomhey are therrefined bythe DBA usingthe editorsupplied with the
schema integration toatk Once arexportschema has been defin¢lde DBA submits it
to the MDBS where it is parsed and stored in the MDBS catalog.

Figure 5, Figure 6 and Figure 7 show #wort tables whichare selected for
inclusion in our sample MDBS view. These tables contasemantically equivalent
information, namelyinformation about peoplanvolved inresearch projects atifferent
sites. The browser facilities may have been used to locate the participating export tables.

EXPORT TABLE UMichiganMembers (
Projld char(10),
Name char(40),
EmpNo integer
(Cardinality = “not Null”),
Address char(80),
Phone integer,
Salary dollar
(Units = “US dollars”),
OfficeNo  char(6),
Email char(30)
)

from umichigan.CDBS2.Personnel;
Figure 5: Michigan Export Table
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EXPORT TABLE QueensMembers (
Name char(40),
Position char(20)
(Domain = (student, faculty, research
Wage dollar
(Units = “canadian dollars”),

Email char(30),
Phone integer

(Cardinality = “not Null”),
Office integer,
Street char(40),
City char(20),

AptNo char(10)
) from queensu.CDBS1.Members;

Figure 6: Queen's Export Table

N

EXPORT TABLE WesternStudents (

Num integer
(Cardinality =“not Null"),

Project integer,

Name char(30),

Address char(60),

Phone integer,

Office integer,

Salary dollar
(Units="canadian dollars”),

Email char(60)

) from westernu.CDBS3.Students;

EXPORT TABLE WesternEmployees (

Num integer
(Cardinality =“not Null"),
Project integer,
Name char(40),
Address char(80),
Phone integer,
Salary dollar
(Units="canadian dollars”),
Email char(60)

) from westernu.CDBS3.Employees;
Figure 7: Western Export Tables
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4.2. Resolve Attribute Level Conflicts

The next step is taentify the attributes that are to beluded inthe integrategchema.

For our integrated view, weinclude the name, addressemail address, andsalary
informationfor each projectmember. The Thesaurus tool is used to discover potential
correspondences among attributes based omdhgesused for the attributedName
conflicts are then resolved byappingthe export attributes to @mmon genericame
using the MDBS View definition statement.

Once corresponding attributes adentified the Transformation Function Lidry
Manager is used tanalyzethe contexts of the attributes and to suggest transformation
functions, if required, to majhe export attributes to theew attributes. If an appropriate
transformation function isot already available ithe library, the DBA uses the editor to
create a new transformatidanction and then includese newfunction in the library.
Figure 8, Figure 9 and Figure 10 show the creation of aws (one corresponding to
each of theexporttables) in which severalttributeconflictsare resolved through the use
of transformation functions.

4.3. Resolve Relation Level Conflicts

We nextidentify the relationlevel conflicts. Resolution of these conflicése shown in
Figures 8, 9 and0. Nameconflicts can be resolved by renaminig the MDBS view
definition. The schema isomorphism conflict concerning the address information across the
three CDBSs is resolved applying atransformation function “StringConcat” to the
three fields in the Queen’s table to produce a single address field.

To resolve thekey conflict present inour example, Phone, thekey in
CDBS1.Members, is used as@mployee identifier. Since employee numbaey not be
unigueacrossuniversities arattribute toidentify the university isadded to theiews with
the “EXPLICIT” function andthe key becomeghe combination of “University” and
“Empld”.

CREATE VIEW MichiganView (
Name char(80),
Address char(100),
University integer,

Empld integer
(Cardinality = “not Null”),
Email char(60),
Salary dollar
(Units = “US dollars”)
)
AS SELECT ToChar80(Name), ToChar100(Address), EXPLICIT(1), EmpNQ
ToChar60(Email), UStoCanDollar(Salary)
FROM UMichiganMembers;

Figure 8: Michigan View - Resolve Attribute and Relation Conflicts
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CREATE VIEW QueensView (
Name char(80),
Address char(100),
University integer,

Empld integer
(Cardinality="not Null”),
Email char(60),
Salary dollar
(Units = "canadian dollars")
)
AS SELECT ToChar80(Name), StringConcat(Street, City, AptNo),
EXPLICIT(2), Phone, ToChar60(Email), Wage
FROM QueensMembers;

Figure 9: Queen's View - Resolve Attribute and Relation Conflicts

4.4. Resolve Schema Level Conflicts

There is an abstractiolevel incompatibility between the Westemiews in Figure 10
which consider employees and students separatelyharathettwo CDBSswhich use a
single, more general, relation to capture both types of project participants. The two
Western views are combined into a more general one in Figure 11.

4.5. Merge
The intermediate views are merged together into a final MDBS View in Figure 12.
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CREATE VIEW WesternStdView (

Name char(80),

Address char(100),

University integer,

Empld integer
(Cardinality="not Null”),

Email char(60),

Salary dollar
(Units = "canadian dollars")

)

AS SELECT ToChar80(Name), ToChar100(Address), EXPLICIT(3), Nu

Email, Salary
FROM WesternStudents;

CREATE VIEW WesternEmpView (
Name char(80),
Address char(100),
University integer,
Empld integer
(Cardinality = “not Null”),
Email char(60),
Salary dollar
(Units = "canadian dollars")

)

AS SELECT ToChar80(Name), ToChar100(Address), EXPLICIT(3), Nu

Email, Salary
FROM WesternEmployees;

Figure 10: Western Views - Resolve Attribute and Relation Conflicts

CREATE VIEW WesternView (
Name char(80),
Address char(100),
University integer,

Empld integer,
Email char(60),
Salary dollar

(Units = "canadian dollars")
)
AS SELECT Name, Address, University, Num, Email, Salary
FROM WesternStdView
UNION
SELECT Name, Address, University, Num, Email, Salary
FROM WesternEmpView;

Figure 11: Western Combined View - Resolve Schema Conflicts

11/30/95
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CREATE VIEW CORDSMembers (

Name char(80),
Address char(100),
Empld integer,
University integer,
Email char(60),
Salary dollar

(Units = "canadian dollars")

)
as SELECT Name, Address, PhoneNumber, University, Email, Salary

FROM QueensView

UNION

SELECT Name, Address, Empld, University, Email, Salary

FROM MichiganView

UNION

SELECT Name, Address, Empld, University, Email, Salary

FROM WesternView;

Figure 12: Final Merged View

5. Related Work

Johannesson anthmil [7] observethat, in most approaches schema integration in the
literature [4,6,11,12,16], thechema integratioprocess can bdivided intothree major
phases: schema comparison, schema conforming and schema mesgimgma
comparison involves analyzing and comparing schemas iarder to determine
correspondences, in particular different representatiossréntically equivalergbjects.
Schema conformingzansforms schemas arder toincrease theisimilarity, and schema
merging produces the integratesthema. The schema integration metpoesented here
contains these thregctivitiesthough not indistinct phases. The schema comparison and
conforming activitiesare blendedthroughout the expornd conflict resolutiorsteps of
our approach.

Schema integration methodeay be grouped according to whethénhey are
procedure-based or assertion-bas&skertion-base@pproaches [16], use assertions to
state correspondences between constructs iditieeent CDBS schemas. The assertions
are then used to guide the integration. An advantaghi®ftype of approach ithat
assertions can be “model-independenProcedure-basedapproaches [4,6,11,12]
manipulatethe inputschemas directlyntegration istypically performed by creatingiews
on top ofthe input schews. Approaches of this type assume a particular condatm
model. The method discussed in this paper is a procedure-based approach.

Our work isdifferent from most methods presented in the literature, with the
exception of Pegasus [12], in that itpiart of aworking MDBS system and it dealgth
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the complete range o&ctivities associated with schema integration freghema
translation of heterogeneous schemas through to schema merging.

Our notion of attribute contexts is basedvaork by Sciore Siegel and Rosenthal
[13] whichuses semanticontexts to supporhteroperability. They introducthe concept
of asemantic valuewhich is adatavaluetogetherwith its associatedontext, as thenit
of information exchange between information systems. This exchange is handled by a new
system componerntalled acontext mediator. We use contexts forsieilar purpose,
namely todescribethe semanticproperties, or facets, of a datalue. Thecontext
information is used to guidehe user in locating, and/or creating, appropriate
transformation functions which perform some of the duties of the context mediator.

6. Summary

Semantic heterogeneity is one of the nulifecult issues iNMDBSs. The CORDS MDBS
provides the CORDSchema Environment to deal withe problem. Wéhave described
the schema integration method and integrationlkit that compose thenvironment.
Schema integration is a complpsocess. Our approatiasnot been to try an@utomate
integration but rather to provide the usé@th an organized approach andget of tools
that operate within a common environment.

Our schema integration method is basedtbea concept of MDBS Views, an
extension of relational views, which span multipkterogeneous CDBSs. MDBBews
are amechanismwith which auser may perform thelogical integration ofdata and
subsequently transparently acctes data in the CDBSs. We providelassification of
possible schema conflicts according lioth type and location. Thechema integration
method then uses tldassification to dividehe integration process intosaries of steps.
The process is illustrated by a schema integration scenario and example.

An important aspect of thechema integratiotoolkit is that it supports the user
throughall phases of the integration proce@thin a commorworking environment. The
integration tools share rumber of common services atite metadata foall phases of
the integration istored in a&common repositorythe MDBS Catalog. The tools automate
some tasks in the integration process and support the user in performing others.
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Appendix A: Schema Integration Example

CDBS1 - Queen's University
CREATE TABLE Project

Id integer NOT NULL,
Name varchar(40),
Pl char(40),

Description char(80),
Budget integer,

Length integer,;
CREATE TABLE Members
Name char(40),

Position char(20),
Wage dollar,

Email char(30),

Phone integer NOT NULL,
Office integer,

Street char(40),

City char(20),

AptNo char(10);

CREATE TABLE MileStones
Name char(30) NOT NULL,
Projectld integer, NOT NULL,
ExpDelDate date,

ActDelDate date;

CDBS2 - University of Michigan

CREATE TABLE Projectinfo
Name char(40),
Projld char(10) NOT NULL,
Leader char(40),
Budget integer,
StartDate  date,
EndDate  date;

CREATE TABLE Personnel
Projld char(10),
EmpNo integer NOT NULL,

Name char(40),
Address char(80),
Phone integer,
Salary dollar,
OfficeNo  char(6),
Email char(30);
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CREATE TABLE Deliverable

Projld
Name
DeliveryDate

char(10) NOT NULL,
char(80) NOT NULL,

date;

CDBS3 - University of Western Ontario
EXPORT TABLE Proj

pld

pName
pDescription
pLeader
pStatus
pBudget
pLength

integer NOT NULL,

char(80),
char(100),
char(40),
char(20),
integer,
integer,

CREATE TABLE Employees

eNum
eProj
eName
eAddress
ePhone
eSalary
eEmaill

integer NOT NULL,
integer,

char(40)

char(80),

integer,

dollar,

char(60);

CREATE TABLE Students

sNum
sProject
sName
sAddress
sPhone
sOffice
sSalary
sEmail

integer NOT NULL,
integer

char(30),

char(60),

integer,

integer,

dollar,

char(60);

CREATE TABLE Milestones

mProjectld
mName
mDescription
mDate
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integer NOT NULL,
char(60) NOT NULL,

char(100),
date;
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