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Abstract in many different ways. Thus, schema comparison is an

Over the past decades, a considerable number of
studies have been devoted to database schema integration.
Although completely integrated schema has beenan
objective of study for a long time, only a few satisfying
methodologies have been proposed, especially about
schema comparison. The primary cause is that a concept
can be modeled in many different ways by different people.
In reverse engineering, it would cause several semantic
confusions and many critical problems when we were
integrating several schemas. Most of the resolutions of
these issues in proposed methodologies are dependent on
database administrators (DBAs) to provide some domain
knowledge to aid the process of integration. That is 10 say
that human plays an important role in integrating phase
and saddles responsibility with the success or failure about
integrated results. It would, as we said above, be ineffective
to develop an automatic methodology for schema
integration, but it is possible to find some methods to assist
users in disco vering or checking correspondences, and
reduce dependence on human. In this paper, we consider
that taking process models into account is a practicabl
way to providethe integration more semantics and
decrease the reliance on the DBAs.

Keywords database schema integration, revers

engineering, process model, Extended Entity-Relationship
model(EER),Data Flow Diagram(DFD).

L. Introduction

Over the past decades of information systems development,
most enterprises may have several independent information
systems as a result of departmental autonomy. For these
enierprises, an increasing dependency and cooperation
between different departments has created a need to access
remote information systems as well as local ones. Thus, it
becomes imporiant to be able to interconnect existing,
possibly heterogeneous, information systems. An essential
part of this issue is database integration, i.e., the process of
constructing a global schema from a collection of existin
database schemas.

The survey paper of Batini [2] discusses and
compares twelve methodologies for schema integration. It
divides schema integration activities into five step
preintegration, schema comparison, schema conformation,
schema merging, and restructuring. The most difficult part
of the schema integration process is schema comparison.
The fundamental problem is that a concept can be modeled

essential difficult problem concerning the semantic
interpretation of models created by different developers. It
is important to note that comparison of the schema obje cts
is primarily guided by their semantics, not by their syntax
[1]. Ik would, therefore, be ineffective to autornate the
processes of schema comparison completely. However, it
should be possible to develop some methods to assists a
user in discovering corr espondences between schemas and
checking the validity of the proposed correspondences.

For reasons mentioned above, let us review the
systems analysis processesin forward engineering. It
applies two different views to model an information system.
One uses data model to describe the relationships among
data items ; the other applies process model to illustrate the
relationships among data flows in a functional process.
There is a lot of semantics distributed over these two
models. In reserve engineering, takes only data models into
account in capturing semantics about schema integration is
incomplete. It also requires some additional domain
knowledge provided by domain experts (such as DBA) to
integrate schemas completely. For reducing dependence
from this person and getting more semantics about
integration, it may be worthwhile to take process models
into account.

[1R Related Works

A. Schema Translation

Database reengineering [7] starts with the schema,
which defines the meaning of data and their relationships in
the data models. Schema translations can be accomplished
by mapping a logical schema into a conceptual EER model
schema in reverse engineering. The translated conceptual
schema must have all the logical schema’s semantics. The
detailed descriptions of translating logical schema in major
data models into EER model can be found in [7,8,10].

B. Schema Integration
Database schema integration is the activity of

merging the locally developed schemas for a given group of

users and applications into an integrated global schema.

Over the past decades, a considerable number of studies

{1.2,3,4,5,6,9,11,12,15] have been devote to this area. We

briefly describe the five steps of integration processes as

following.

@®  Preintegration: involves tramnslaton ofeac h
heterogeneous local schema into a homogeneous one
so that we can make further comparison among them
and selection of integration processing strategies
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such as binary or n-ary strategies.
Schema Comparison: involves analyzing an
comparing schemas in order to determin
correspondences, different representations of th
same concepis in particular. Methodologies broadl
distinguish two types of conflicts
< Naming conflicts: include homonyms an
Synonyms.
<+ Structural conflicts: include type, dependency,
key, and behavioral conflicts,
One notes that all conflicts depend on the recognition
of the “same” concepts in different schemas. Mos
methods only focuson the static siructural an
terminological information including their names
their attributes, ranges of the attributes, and th
relationships between object types contained in
conceptual schema. This kind of knowledge belongs
to syntactic information, not functional semantic
about objects. Traditional methodologies provide
functional semantics to resclve ambiguity are full
depending on DBA. We present a brief technical
review of two methodologies about schema
comparison below.

4  Attribute Equivalence

This approach [9] focuses on the problem of
determining equivalencies on  attributes an
exploiting these in schema integration. Attribut
equivalence is classified into three subtypes based on
the basic equivalence properties. STRONG attribute
equivalence indicates that updates are possible
against the integrated schema. It is classified into two
categories STRONG @« equivalence (holds for
some point in time) and STRONG B equivalence
(holds for every point in time). WEAK attribute
equivalence is applied when only retrieval will be
permitted against the integrated schema. DISJOINT
attribute  equivalence is applied when neithe
STRON nor WEAK equivalence holds but
attributes may still be combined. This holds when the
roles of the attributes are the same, yet there exists n
mapping function on the basic attribute equivalence
properties. So attribute a and b are disjoint
equivalence, we denote a a
DOMAIN-DISJOINT-ROLE-EQUAL b.

Object and relationship set equivalencies are
defined in terms of the above equivalencies o
atiributes. Two object classes are compared in th
same manner as the identifier atiributes of those
objects. And accordingly, to determine th
equivalence of a relationship set is to determine th
equivalencies of the identifier attributes of th
participating object classes. Here, we have to define
somewhat formal description of object equivalence.
Let object class A haveun que identifier &, and
attributes ay, as, ..., a, Let object class B have
unique identifier &, and atiributes b;, bs, ..., b, Let
RWS(A) and RWS(B) (called real-world state) refe
to the sets of real-world instances of object class A
and B at a given moment i n time. There are five cases
as shown below.

Case 1 :If k; STRONG B EQUAL k,, then RWS(A)
EQUAL RWS(B).

Case 2 1 If &;; STRONG £ CONTAINS ks, then
RWS(A) CONTAINSRWS(B).

Case 3 ' If k; STRONG S CONTAINED IN ks, then

RWS(A) CONTAINED-IN RWS(B).

Case 4 : It k; a
DOMAIN-DISJOINT-ROLE-EQUAL  k,,  then
RWS(A) DISJOINT RWS(B).
Case 5 ' If k; STRONG B OVERLAP #k,, then
RWS(A) OVERLAPRWS(B).

%  System-Guided Integration
In this approach [15], the main stress falls on

searching  all possible  suspect  similaritie
automatically, and then confirming these predicates
by integrators according to their domain knowledge.
The fundamental idea is to organize the integration
steps into the two interleaving and iterative phases of
schema comparison and schema conforming, and
succeeding phase of schema merging. There are
several guidelines derived from syntax of schema,
such as twoattributes may be similar because they
have identical names or their attribute domains are
identical. Then the integrators can distinguish two
classes of factual predicates ( equal-predicate,
different-predicate ) for each concept.

©®  Schema Conforming: involves modifying one or both
of the schemas to be integrated until each
phenomenon in the UoD is represented in the same
way in both schemas.

® ' Merging and Restructuring: involves superimposin
the schemas in order to obtain one integrated schem

and maintaining the integrated schema on
compleieness,  correctness,  minimality,  an
understandability.

(118 Applying Semantics within Process Model

A. Characteristics of Process Model

Viewing an information system as a collection of
processes, we are interested in analyzing processes whose
objective is to provide services to either internal processes
or external customers. In this paper, we adopt data flow
diagram (DFD) for our process model. Some features about
DFD: (1) presents explicitly the essential functions in the
systems, and relationships among them; (2) understands the
data flows among processes; and (3) is tightly linked ¢
data models. Here, we need an integrated proce ss model t
show the relationships between each object ina global view.
We can get each local process model through source code
analysis or existing development documents. And then we
have to integrate each local process model into a global one
We apply three kinds of operations in process model [14],
such as merging processes which own the same functions,
coupling processes which have a casual relationship, and
regrouping processes which are related. In this paper, we
assume that the integrated process model had been derived,
and a constraint about data stores in process model is that
each data store has to map into an entity or a relationship in
EER model.
B. Semantic Patterns within Process Model

There are five relationships between two entity types,
E; and E, [11]; and similar relationships exist among
relationship types °
Identical.
Superclass/Subclass.
Generalization with Overlap.
Generalization with Disjoint.
No Relationships.
Besides these five concepts, there are iwo

D000
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higher-level concepts to represent more abstract semantics,
categorization and aggregation. Based on past studies, we
can determine the former three relationships easily without
controversy, but we have to apply the domain knowledg
from DBA to check the two cases of disjoint generalization,
and no relationship. About categorization and aggregation,
almost no existing methodologies take them into account.
We hope we can get more relationships, as we said above,
about integration through process models. We appl
atiribute equivalence to conform the suspect relationships
between two objects derived from process model.

Generalization--Superclass/Subclass Relationship
A subclass is an entity type that has a distinct role and is
also a member of a superclass.

Pattern 1 B ———

“reject

Here, we expect that there is a superclass/subclass
relationship between E; and E,. When the following
conditions hold, we can get an integration primitive, subset

(Ep Ep) .
Conditions -

RWS (E,) N RWS (E,) #O and RWS (E;) D RWS
(Ey) .

Algorithm =

For each process
For each entity E; is an input of P
For each entity E, is an output of
IFRWS (E;) 11 RWS (E,) #O and
RWS (E;) 2RWS (E;)
THEN Subset (Eo, E; ) is hold
ENDIF

IF subset (‘Es, E; ) is hold THEN
Remove E, attributes which are E ; attributes [ E;

attributes

ENDIF

Finally, we map this semantic pattern into EER data model.
El
El

Orders.Order_no Valid Orders.Order_no
A101 Al101

A102 Al104

A103 Al0Q5

Al104

Al105

Analysis Resulis = ~ ; ;

RWS (Orders) N RWS (Valid Orders ) #@

RWS (Orders) 2 RWS ( Valid Orders )

Generalization—Overlap/Disjoint Relationship

Overlap/Disjoint relationships mainly describe the
relationship between those subclasses. The disjoint
constraint requires the subclasses to be mutually exclusive.
Subclasses that are not disjoint are overlap.

Case: Case 2:
Pattern 2 _-E—_L>< ) —_ - &
5 ; ; > E

Here, we expect that there is an overlap or disjoint
relationship between E; and E,. When the following
conditions hold, we can getanint egration primitive,
overlap( Ej, E;) or disjoint( E}, E,). In these two situations,
we have to create anew entity involved the common
attributes within those subclasses.

Conditiens : : L
Case 1 : RWS (E;) N RWS (E;) # Then E;overlap E».
Case 2 : RWS (E;) N RWS (E;) =@ Then E, disjoint E,.

Algorithm :

For each process
For each entity E; and E; are inputs of
IFRWS (E;) 1 RWS (E,) #& THEN
Overlap (E,, E;) is hold
ELSE
Disjoint (E;, E;) is hold
ENDIF

For each entity E; and E; are outputs of
IFRWS (E;) 17 RWS (E.) #& THEN
Overlap (E,, E;) is hold
ELSE
Disjoint (E;, E») is hold
ENDIF

IF Overlap (E,, E,) or Disjoint (E,, E,) is hold THEN
Generate a super entity E 12' for E; and E»
Attributes of E;» are E; attributes [ E; attributes

For example, we consider the situation below.
Process Model

Create a new relationship between E 12 and Ej

Vali

ENDIF

Finally, we map these semantic patterns into EER data
models.

Orders —p{ Validate Orders
&—"Invalid Order
Original Schiema New Schema
= Order_ao
Valid -9 0rder_10 oriers Foo
Orders [0 M Lo '
-0 Dute Orders 1 vaid_dat
Ovrilli(ll‘s -0 Valid_date

Tnstance Set
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For each process
For each entity E; and E, are inputs of
For each entity E; is an output of
IFRWS (E;) 11 RWS (E;) #& and
RWS (E,) 11 RWS (E;) #O and
(RWS (E;) U RWS (E;)) DRWS (E;)
THEN Category (E,, E; E3) is hold

Overlap *
KN RENNE
For examE]e,\we consider the situation below.
Process Model ~
Production
Planning W
—— ~  Order
Production ————
Listing
Original Sehema New Schema
-6 W0_no
=® WO _no Work LODae
Work =0 Dae Order [O L‘;’"-“"
Order [~O llem_no 0 Pline
={) Pline <>
=$ Tno son =@ Tan
Production -0 Date Prg:;i:fn -0 Date
Planaing [~O Season O Quantiy
=0 Quantity /@j:K
Producti - Tao
roduction =0 Date Production | }Production
Listing 0 Order_no Season O Planniog Listiog =0 0rder_no
= Quantity
Instance Set
Production Planning.Tno |Production Listing. Tno
F2001 S1234
F2003 $2346
F2004 52564
F2010 53390
55641
S$7363
Analysis Resulis :
RWS (Production Planning) N
RWS (Production Listing) =@

Categorization
A category has two or more superclasses that ma
represent distinct entity types, and it is a subset of the union

of its superclasses.

ot i I
< reject

Pattern 3

B e

2

Here, weexpect that there is a categorization
relationship between E;, E;, and E;. When the following
conditions hold, we can getan integration primitive,
category (E;, Eo., E3) .

ENDIF
Finally, we map this semantic patiern into EER data model.
El El
E, 4
For example, we consider the situation below.
Process Model .
Customer
Orders ' -—W—
~ Orders
internal ———————
Procure
" Reject
Original Schema New Schema Sy |
Order_n0 @ H0rder_no
. Date O =0 Due
Valid * =] Customer | | Internal
SN D
Orders o Orderto m_mg Orders { | Procure ijﬁ,“_‘;‘:‘”‘-”“
Quantity O 0 Quantity
® Order_no
=0 Date
Customer o S;N
Orders |0 jen_go
-Q Quaatity
® Order_no
Internal [ODue Valid | o
Procure __8 ﬁﬁﬂ“j’;‘e"“"“ Orders o
Q Quantity
Instance Set
Valid Orders Customer Orders |Internal Procure
.Order_no .Order_no .Order_no
C1020 C1011 13472
C1043 C1020 13587
13472 C1043 14790
17733 __|c1067 17733
AnalysisResultls o
RWS (Customer Orders) N RWS (Valid Orders) #Q
RWS (Internal Procure) N RWS ( Valid Orders ) # @&
(RWS (Customer Orders) U RWS (Internal Procure))
D RWS (Valid Orders )

Conditions :

RWS (E;) N RWS (E;) #@ and
RWS (E;) N RWS (E;) #@ and
(RWS (E;) U RWS (E;)) oRWS (E;) .

[Algorithm :

Aggregation/Association

Aggregation is an abstraction concept for buildin
composite objects from their comp onent objects. It is
sometimes useful when the higher-level aggregate object is
itself to be related to another object.

. //\\
Pattern 4 E, B P » E,
S
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Here, we can consider that there is an association
relationship between E; and E; when E; is a relationship
relation and forming an aggregation object with two
participant entities in EER model. In this situations, we can
get an 1ntegrat10n pnrmtlve associate (Ej, Ez)

Conditlons
Data store E, is a relauonshlp relatlon

Algorithm :

For each process
For each E; is an input of P
For each E, is an output of
IF E; is a relationship relation THEN
Associate (E;, E;) and E; is
an aggregation object
ENDIF

IF associate (E;, E,) is hold THEN
Create a relationship between aggregation

object E; and E,
ENDIF
Finally, we map this semantic pattern into EER data model.
EJ
_<>_ E,
E4

For example, we con51der the situation below.

Process Model

correspondences between concepts between the two
schemas. Then, we introduce process model to which all or
a subset of objects in both schemas are connected. Thus, a
semantic relation between the compared models is
established and can be wused in determinin
correspondences among the concepts. The primar
advantage of applying process model is that we can get
functional semantics about each object within the system. It
would be more understandable to say that we will know
what roles the objects play in the whole system. The “role”
is functional-oriented semantics which tells us the correct
positions the objects stand. Through process model, we can
avoid the wrong integrating schemas and can get more
semantics.

System 1

Schema 1
Process

Model
\
?

Schema 2

A
v System2 Schema 1

Figure 1 Process Model within Schema Comparison

Now, we illustrate a complete methodology for
integrating schemas with assistance of process model. We
can represent the total processes in a simple diagram as: Fig.
2. There are six steps in our schema integration
methodology.

Domain
Knowledge

- L

Schema Integration

|

Database 1

|

order Create

Line X Invoice
ftem Invoice
Original Schema New Schema
Qnder e
Mﬁ:; Orlers [6‘,,, Ordes
! Quacty
Quunny olci o Bl 1o
T 3?;‘] @ Iowee FObue
0T
lta S04 fien Y0 H-I
$atOq Prodoel St OFf Product
Pt 04 Trice (%

Analysis Resulis

Aggregate (Orders!JOrder Line Item U Product)
Associate (Order Line Item, Invoice )

C. Combining Process Model with Schema Integration
Now, we want to combine these semantics derived from
process models with existing schema integration

methodologies. In Fig. 1, we show what role the process
model plays in the w hole architecture. The process model
facilitates schema comparison by making different kinds of
“hidden” information explicit concerning the semantics of
the model objects. The starting point is that two conceptual
schemas, Schema 1 and Schema 2, describing two systems
are compared to each other and the problem is to establish

[ Schema 1 ] Schema Schema Schema

|_l|,,s,;,“cc Ser ) Translation Comparison Conformation

Merging &
Restructuring

Database 2

Atcibute

Equivalence

Database o \

Suspect Process
Correspondence Model

I

Y |

Figure 2 Total Processes of Schema Integration by Using
Process Model

Step 1: First, we must translate heterogeneous database
schemas into homogeneous ones such as EER model we
use.

Step 22 We apply system -guided approach to find all
possible suspect correspondences.

Step 3: We use process modelto find further suspect
correspondences aiming at those semantic patterns.

Step4: After Step 2 and Step 3, w e can collect some
suspect correspondences. Now, we depend on atiribute
equivalence to confirm these correspondences.

Step 5: In this step, we resolve all conflicts to make the
compatible for integration.

Step 6: According to those confirmed predicates, w € merge
the schemasbymeans of a superimposition of common
concepts.
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Iv. Case Study

We provide an example to illustrate the integratin
processes and the feasibility of this method. This example
includes three database schemas, order system, service
system, and accounting system.

Step 1: First step, we have to translate each existing
database schema into an EER model. In our paper, we give
a premise that we already got these three EER models.

Order*SysteK

g
Service System. ;
554 e
N [y 11 Loz_no
wizsS] costomer PUCTta S Logme [SLeie,
Senvice O]

o hen_ro
Good |5 pescripion

ass_associate (Order Itemsgpger, INVOICescoun ) -
ass_associate (Invoice,coun, Accounts Receivables o) .

"

Salety
Stock

Logfil

Query
Product
Info

Product

Checkc
Stock
Sofely

Customer

Topet
> Customer
Detall

Customer

Purchaser Inventory

Shipping
Process

Order

Order
Process

p] Warehouse

Order
Items

Caleulate

Account

Produce —
Accounts
Envolce P Accounts
R Receivabie
ecelra bl —

Figure 3 Data Flow Diagram of Whole System

Step 4 We check these predicates by using attribute
equivalence technique for aiding us to get conformation
predicates. For example, ass_similar,,; ( Purchaseromye
Customersepice ) -

Accounting System

Iavaice_no @
Ship_dateQel lavolce
Total Qi

AR0o Gl
AccountOwf Accounts

Paydaie O~f Receivahle
Paytype O

Step2:we compare the similarities and differences
between two database schemas to find the integration
primitives. These primitives can aid us to integrate these
database schemas especially positive clauses. We list total
suspect correspondences we found below.

ass_similara, (Purchaser.Nameo,ye, Customer.Namesoniee ).
ass_similar,, ¢ Purchaser.Addressomen
Customer. Addressseryice ) -

ass_similar,, (Purchaser.SSNoge, Customer.SSNgopmice ) -
ass_similar,, (Product.Item_Nopper, Good.Item_Nogerice ).
ass_similar,, (Product.Namep,ger, Custoner.Names, iz, ) .

ass_similar,p; (Purchaseroge, Customerspice ) .
ass_similar . (Productoner, Goodserice )
ass_similar,p; (Productome, Customersepic.) .

Step 3: Here, we present a complete data flow diagram in
Fig. 3. Then we discover the semantic patterns to get more
semantics about integrating database schemas. We list the
suspect predicates below.

ass_generalization (Purchaserp,yey, CUSIOMET Sepuice ) .
ass_generalization (Productoe, Customersepic,) .
ass_generalization (Orderp,g.,, Order Itemsopy,:) .

" aggregate

ass_generalization
ass_generalization
ass_categorizati
LogfileSen'ice,) .

o ( Customersepice

(Orderpren, Inventoryp,., ) .
(Inventoryo.,, Safety Stockoger) .
Product orgen,

Purchaser.SSN Customer.SSN
1 F123491370 F124789910
2 B221023348 A223313345
3 A124587612 F123491370
4 5123456789 1228912471
5 C228773625 K123321311
6 B221023348
Through analysis, we find the values in

Purchaser.SSN and Customer.SSN are overlapping with
each other, RWS(Purchaser) NRWS(Customer) = &, so we
get apositive predicate,  similar,y,; ( Purchaseromge,
Customersenic. ) - Then, according to the another predicate,
ass_generalization( Purchaser pue,, CUSOMET §opice ), WE CA
get a more positive predicate, -overlap,, ((Purchasepmen
Customers.rice ) -

Step 5: Through step 2 to step 4, we get four positive
predicates.

overlap,y; (Purchasepe, Customers,mic. ) -

equalyy; (Productoen Goodserce ) -

( Orderspmer U Order Line Itemoye, U
Productp,ge, ) .

associate (Order Itemsp,ger, INVOiCEAccoun ) -

Here, we discover a naming conflict in equal,,;

(Productpgey, Goodserice ) » 50 we have to renam  “Good

“ to “Product”. The new predicate is equal,y; (Productpy,..
Products,ni.. ) - Then we can merge schemas according t

these predicates, and we show the integrated schema in Fig.
4,
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Total
Customers

i Ocders gg’:g‘"

Haase_nog=]
Loation Ol Inventory
HPbene O=t

Figure 4 The Integrated Schema of Overall System

V. Implementation

In this paper, we propose a prototype system to verify our
hypothesis. This prototype system is based on a PC
platform and runs in Microsoft Windows NT 4.0. We we
Borland Delphi as our development tools to program our
system. We implement a prototype system focusing on
process model semantic paterns analysis and atiribute
equivalence to verify the practicability of this approach. We
can represent the relationships between our implementation
and external objects dlagrammancally as follows :

Process : [ Semantic | :
Model > Paltern :
: Analysis
X
Suspect L] Atribute
Correspondences P Equivalence

S——
Metadata

------ Database

Figure 5 The Architecture about System

The circled with a dotted line is the part of our
implementation, The suspect correspondences include two
parts : attribute equivalence and object equivalence. Whe
we got suspect correspondences, we have to confirm the
separately. Fig. 6 shows suspect atiribute correspondences
analysis window, and Fig. 7 shows suspect entity
correspondences analysis window in our prototype system.
Fig. 8 shows the window of process model semantic patiern
analysis in our prototype system.

ot o S Axbse Cormar-cry
i Bhe T o wr e Cimns N v el

i Rociar gt v yo sl some S soes
S Rt e toms b

ot e o Scoes Crcs Com oot

(S Pacherw ] e Ciokoos ¢ e
i Froat s wven (ot o m3+

VL Summary

In this paper, we propose a process model approach to aid
integrators in integrating database schemas. Through
finding semantic patte s, we can get several semantics
mainly describing the relationship between objects that are
in the same functional process. In traditional integration
methodologies, this kind of semantics are provided b
DBAs or domain experts. Moreover, we also propose the
architecture for schema integration with the assistance of
process model.

The urgent future work for this paper is to implement
a real application for our process model approach. It will be
a very useful semi-automatic tool to help people findin
more semantics. Another piece of future work is included
object-oriented techniques into this research area, such as
UML ( Unified Modeling Language ) or OO

(Object-Oriented Analysis) . These new techniques own

richer expressions to represent a concept. In other words, it
can be hold more semantics in their expressions. It is a
worthy direction of future research in schema integration.

Another direction of researchis knowledge
extraction from another sources for aiding schema
integration. It is also 2 hard task becanse of all knowledge
is memorize in the domain experts > brain, or distributed
over several tools. For example, providing a global vie
for helping our integrating schemas is a worthwhile method
to study.

Finally, we hope thai this result of this research can
provide a foundation for further researches in the area of
schema integration.
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