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Abstract : Multidatabase systems are desgned to achieve schema integration and data interoperation among distributed
and heterogeneous database syssems. But data mode heterogeneity and schema heterogeneity make this a chalenging
task. A multidatabase common data modd is firgtly introduced based on XML , named XML-based Integration Data
Modd (XIDM) , which is suitable for integrating different types of schemas. Then an gproach of schema mapings
based on XIDM in multidatabase systems has been presented. The mappingsinclude globa mappings, deding with hori-
zonta and vertical partitioning between globa schemas and export schemas, and local mappings, processng the trandor-
mation between export schemas and loca schemas. Findly , theillustration and implementation of schema mappingsin a
multidatabase prototype - Panorama system are d < discussed. The inmplementation results demonstrate that the XIDM is
an dficient model for managing multiple heterogeneous data ources and the gpproaches of schema mapping based on
XIDM behave very well when integrating relationa , object-oriented database systems and other file systems.
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1. INTRODUCTION

A mutidatabase sysem (MDBS) is a layer of software
that integrates a collection of pre-exising, heterogeneous,
digributed database sysems cdled locd detabase sysems
(LDBS M. It manly olves the problem that how to
achieve the hemaintegration and data i nteroperahility a
nong mutiple LDBSs. A MDBS dlows a gobd gpplicar
tion to access digributed ohjects located at different types
of LDBSs, such as rdationd databases, olbect-oriented
databases, mutimeda databases and even file sygems,
uing a uniform data ddinition and manipulation lan-
guage. However , there may exig kindsof dfferencesand
corflictsin different locd database schemas?!. Inorder to
access the data in these multiple database sygems trans
parently , an gpproach can reduce these differences and re-
lve thee oorflicts shoud be needed.

A genera way of integrating these database
shemasis through a global schema that is construct-
ed through a set of tranformationsof loca schemasin
order to reflect the context of locd databased®!.
Snce any database schemais based on the gpplication
requirementsof the red world, the globa schemain
MDB Ss should comply with the same dtuation. That

is, only the local database information benefiting the
global application requirements will be picked up and
trandormed. There are four schema levels in a
MDBS: loca schema, export schema, globa schema
and externd schemal™!. Qoba schema is a virtual
knowledge base for MDBSs. Multidatabase users can
only query the globa schemas whose data come from
LDBSs. S schema mappings from globa schemas to
loca schemas should be developed.

To represent and dea with multidatabase export
schemas, a common data model is needed. In the old
fashion MDBSs, relationa data modd , object-orient-
ed mode and object relational model played the most
important roles*. The growing popularity of the
web has increased the need to search, digplay, ma
nipulate and exchange information among different
data sources, including database systems and file sys
tems. An attempt to achieve this through data stan-
dardizing representation gives rise to the advent of
XML (extendble markup language) techniques. Asa
data description language , XML can describe not only
structured data, but d < smi-structured data. Thus,
acommon data model based on XML isa better selec
tion for MDBSS®). In our approach, besides provid-

*  Thisproject was supported by the Nationad High Performance Computing Foundation of China (99319) and the Nationa Key
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ing a common data model based on XML (named
XIDM , XML-based Integration Data Model) to inte-
grate different data modelsin MDBSs, we present a
methodology for schema mappings between XIDM
model and other data models, such as relationa data
model , object-oriented data model and even file sys
tems. Then we give the implementation examples to
illusrate the data model and schema mappings in a
multidatabase prototype - Panorama system.

2. XML-BASED INTEGRATION DATA MODEL

2.1 Common Data Mod€

In most of the exising MDBSs, 4-level schema archi-
tecture isintroduced!*!. These four schema levels are
below.

(1) Local schema level Locad schema is ex-
pressed in the native data modd of the local database.
Thus, the loca schemas of different local databases
may be expressed in different data models, such as
relationd mode , object-oriented modd , etc. Smilar-
ly, XML documents, whose schema named DTD
(document type declaration) or XML schema, are us
ing document-based data mode .

(2) Export schema leve For each loca
database , MDB Ss should provide tool s to automatical-
ly trandate the relevant partsof itsloca schemasinto
those schemas expressed by common data modd ,
which is caled the export schemas. This trandation
creates a magpping between concepts of loca schemas
and those of export schemas.

(3) Qobal schemalevel A globa schema, con-
sructed by integrating multiple export schemas and
based on globa data modd , presents the globa views
of MDBSs and the mapping information about distri-
bution of globa data.

(4) Externd schemalevel For customization or
access control reaons, external schemas are created
for gpecia group of usersor agpplications.

The main difference between MDB Ss and tradi-
tiona distributed database systems is how to define
the globa schema. doba schemas of a traditional
distributed database system, derived from global logic
integration , give a globa conceptual view. However ,
multidatabase global schemas, coming from loose in-
tegration, only express the st of the shared data in
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each LDBS. In other words, data that global users
manipulate in a MDBS cons st of the shared data in
each LDBS and other private data are provided for lo-
ca applications. That is, the global schema of a tra
ditiona distributed database system is a union set of
al loca schemas of each LDBS, and the global
schema of a MDBSis a subset of this union st!®. S
a gecial common data modd is needed to define glob-
a conceptual schemain MDBSs. In genera , common
data model isoriented to export schema, while global
data model oriented to globd schema. For example,
object oriented mode is used for common data modd ,
and relational data modd is used for globa data mod-
el. Here, the same data model isintroduced to global
and common data mode in the following paper for
smplicity reaon.

In addition, due to the heterogeneity existing a
mong data modesof LDBSs, a heterogeneous MDBS
should provide magppings among concepts in different
models A common data modd is usualy created
that trandation and mappings between loca data
models and the common data modd ocould be done.
Therefore, common data model is the foundation of
integrating heterogeneous datain MDBSs. Currently ,
while selecting a common data modd , two principles
should be complied with asfalows

(1) Common data model should be as smple as
possible 0 that it is easy to convert its schema to
schemas of local data modelsor vice versus.

(2) Common data language conformed to the
common data model should be convenient for data
representation and procesing in MDB Ss.

2.2 XIDM : XML-Basd Integration Data Model

Mogt of the existing MDB Ss are ud ng object-oriented
model as their common data mode!*!. However ,
with the advent of an increasng of gpplications in
various requirements, it is necessary for traditiona
object-oriented model to be extended to integrate
multiple heterogeneous data ources. XML , a meta
markup language extending HTML greatly, is now
fast emerging as the dominant standard for represent-
ing various kindsof data, epecialy for web-based in-
formation systems. As a <Hf-describing language,
XML can describe various data structures such aslin
ear lig , tree and graph. S XML is becoming a genr
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eral fecification of data interface among various ap-
plication systems. A data modd , called XML-based
Integrated Data Model (XIDM) , which is based on
XML and serves as a common data mode for inte
grating and interoperating heterogeneous data ources
in multidatabase prototype Panorama system!’) | is
presented as follows.

Définition 1 In an XIDM model , an element
cluser (EC) is the aggregation of dl the eements
with the same description us ng document type defini-
tion (DTD) or XML Schema.

BHement cluster, which models a type of ee
ments, is Smilar to the concept of classin object-ori-
ented methodology , while a concrete element is smi-
lar to an instance (i.e. object) of aclass. For exanr
ple, the following several rows give a definition of an
dement cluster Employee.

< xsd: schema xmins: xsd =
w3. org/ 2001/ XML Schema” >

“

http:// www.

< xsd: element name =“ Employee” type =
EmployeeType” >
< xsd: complex Type name = EmployeeType” >

< xsd : sequence >

< xsd: element name = Name” type = xsd:
string”/ >

< xsd: element name = Salary” type=" xsd:
float”/ >

</ xsd: sequence >

< xsd: attribute name =* No” type = xsd:
string”/ >

< xsd: attribute name = Dept” type = xsd:
string”/ >

< xsd:complex Type >

Here, we introduce the concept of element clus
ter because the globd schemasin MDB Ssonly include
the dement definitions, not the real element con
tents. There are two types of eement clustersin a
MDBS, globa eement cluster (GEC) and export ele-
ment cluser (EEC) , which corregpond to global
schemas and export schemas regectively. The fol-
lowing descriptions of XIDM modd will base on the
concept of element cluster.

Definition 2 In an XIDM modd , a document is
nodded as a labded and ordered grgph, named XIDM
grgph, whichisapar G = < Vertex, Edge> , where
Vertex isa st of nodesand Edgeisa st of edges.
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Note, we take an XIDM modd equaly as an
XIDM graph in most cases.

Definition 3 Each node in graph G, which
represents an element cluster , isagroup EC = < K,
A, S, Q, M>,where Kisalig of key attributes,
corresponding to either ID attribute or identity con-
sraint definition of the element , A is an ordered list
of attribute names, Sisanorderedlist of sub element
clusters, Q isthe st of qudifications forced on the
dement cluser EC, and M isthe set of schema map-
pingsfor dement cluster EC.

Here, the sub element cluster has the same defi-
nition with the element cluster. That is, there is a
nested relationship between the eement cluster and
its sub element clusters. The schema mappings will
be discussed later.

Definition 4 Each edge in graph G is a group
B =< EC1, EC2, Label >, where EC;isthe start-
ing element cluster , EC;isthe ending element cluster
and L abel isthe symbol on the edge.

Inan XIDM moded , edges are directed and la
beled. Edges are classfied as two types: tag edges
and reference edges. A tag edge, labeled by the tag of
the child dement cluster , represents nested relation-
ship between the element cluster and its child element
cluster , pointing to the child from itsparent. A ref-
erence edge, generdly labeled by the referencing at-
tribute of the element cluster , represents reference re-
lationship between different element clusters, point-
ing to the referenced eement cluster from its refer
encing element cluster. The directions of the edges
make the XIDM an ordered modd , which may have
many advantages, such as more complex ssmantic ex-
pressons and more eff ective querying.

3. SCHEMA MAPPING IN
M UL TIDATABASE SYSTEMS

3.1 Basic Concepts

As we have discused aove, there are four schema levds
in MDBSs: externd shema levd , gobd schema levd
export schema level and locd schemalevd. Snce the ex-
ternd schemas, which are beyond the globa database lay-
er in MDBSs, are dedgned for fedd , dfferent user
groups and goplications, the rema ning three schemaleves
are concerned in this pgper.
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As described in Fg. 1, there are three database
layers in MDBSs: global database layer, export
database layer and locad database layer. Qoba
database, created for multidatabase globa users, isa
virtual database, containing global schemas and no
actual data. Export database, based on common data
modd , is a0 a virtua database, containing export
sxhemas. There are different export schemas corre-
goonding to different loca schemas of LDBSs. Local
databases, in a broad snse, are database sysems,
file sysemsor HTML/ XML documents, which con-
tain the actual data. Different local databases have
different local schemas and representations. Objects
in globa database and export database are virtua
ones, while local databases have rea ones.

External Schcmal e

External Schema

rExternai Schema |

External Schema

H 3 3
] 1 1
4 1 1
X Y. ¥

[ Local Schema ’ Local SchemaJ s I Local Schema l

sy Schema transtation

=== (jlobal mapping
= Part of

— .Schema integrating .
---#: Local mapping .
---#: Direct mapping .

Fg.1 Schema mapping architecture in multidatabase systems

Multidatabase globa users can only view global
objects in globa schema. Snce these global objects
are empty and the data for globa queries can only
come from loca databases, schema mappings from
globa schemas to export schemas and from export
sxhemas to locd schemas should be developed. But
how can we get thee schema maopings? As we
know , the multidatabase administrator trandates lo-
ca schemasinto export schemas, and then integrates
these export schemas into globa schema. Schema
mappings could be drawn out during the trandation
and integration. Fig. 1 illustrates the integration pro-
cess and schema mapping architecture. In a MDBS,
there are two typesof schema mappings: globa map-
ping and loca mapping. The global mappings, which
are a portion of the globa schema, relate globa ob-
jectsin global database with export objects in export
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database, while the loca mappings in each export
schema relate its export objects with corresponding
local objects.

3.2 dobal Mappings

In Panorama system, the same data model , XIDM ,
was employed to describe global schema and export
shema. S globa mappings between global schema
and export schema don’ t need to deal with schema
trandation between different data models. In reverse,
that is, when XIDM-based export schemas are inte-
grated into XIDM-based globa schemas, we just need
to merge these export schemas without any changes.
There are two types of globa mappings: horizonta
mapping and vertical mapping. Some global mappings
may contain both these two mappings. We can lit
them into two cases: horizontal mapping first and
then vertical mapping, or vice versus. Here, we give
the definitions of these two mappings.

Ddinition 5 The horizontd maping HM of a
gobd dement duser GEC=< K, A, S, Q, M > is
an operation , which trandorms GEC into a group of ex-
port dement dugers, EECi( K1, A1, S, Q1, M1),
EEC,( Kn,An, Sn, Qn, My) , according to a st of given
ondtions Py, ,P,, where (1) Ki= Ka= = K,=
K; (2 Ai=A2= =A=A; 3) S1=S= =
S$hi=S; (4 Q=(Q P); (5 M =LM.

Here, K, Ky, , K, are the key attributes of
GEC, EEC;, , EEC, repectivdy. P, P, =
True, LMy, ,LM,arelocd magpings, and i {1,

, N}.

Definition 6 The verticd maoping VM of a gobd
dement duser GEC= < K,A,S,Q,M > isan operar
tion, which trandorms GEC into a group of export de-
ment dusters, EEC; ( Ki, A1, S1, Q1, M1), , EEC,
( Kn,An,Sn, Qn, My) , acoording to a st of given pars
<R, T1>, ,<Ry,, Tn>,where () Ki=Ko=
= K= K; (2 AR K; 3 S=Ti; (4 Q1=
Q2= =Qn=Q; (5 Mi=LM,.

Here, K, Ki, , Kparethe key attributes of
GEC, EEC;, , EEC,reyectivdy. Ri €A, T S
S,R; Rn K=A,T; Th,=S,LM;, ,LM,
are local mappings, and i {1, ,n}. To ensure
correct reconstruction of global element clusters, the
key attributes should be mapped into each export ee
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ment cluster.

The horizontal mgpping defines how globa de
ment cluster will be breadthwise mgpped into export
element clusters via a st of given conditions, while
the verticd mapping dose that lengthwise on at-
tributes and sub element clusters. Gobal schema
mapping in MDBSsis dmilar to partition operation in
distributed database sysem (DDBS) , but not quite
the same. For ingtance, there may be some intersec
tions among qudifications of different export element
clusters, that is, reduplicate elements may exist a
mong different export schemas ater horizontal map-
ping. The reaonisthat these objects, recordsor de
ments have aready existed in different loca databases
before they are integrated into MDBSs. Another ex-
ample is vertical partitionin DDBSis based on the at-
tributes of the relation, while verticd mapping in
MDBSis not only based on the attributes, but sub e-
ement clusters.

3.3 Local Mappings

As we know , loca mappings will be built during the
trandation from loca schemas to export schemas. In
Panorama system, we use object-oriented database
system (OODB) , relationd database syssem (RDBYS)
and file systems (especidly HTML/ XML docu
ments) asthe loca component systems. We will dis
cuss the loca mappings between these loca schemas
and export schemasin the following paper.

3.3.1 Mappings between object-oriented mode and
XIDM mode

As alocd database schema, ome conceptsin ob-
ject-oriented database system, such as class aggreger
tion, classes, attributes (incduding key attribute,
dmple type attribute and complex type attribute) ,
and interclass relationships, should be concerned.
Table 1 shows the mgppings between object-oriented
(O0) modd and XIDM modd.

Here, we use class aggregation to indicate the
concept , which has ome certain functionality and
contains severd clases. For example, we modd an
object-oriented database for a company usng some
classes, such as Employee, Department, Address,
Finance, Production, Sales. S, we may use class
aggregation Company to include these classes. Class
aggregation is amilar to the concept of database in-
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stance in relationa data mode.
Table 1 Mappings between OO model and XIDM model

No. Conoeptsin OO Moddl Conoeptsin XIDM Modd
1 Oass Hement duger (EC)
2 Key attribute (or OID) Key attribute
3 Attribute with gmple type Attribute or Sub EC
4 Attribute with complex type Sub-EC
5 From dass o its attribute Tag edge (for Subr EC)
6 Interdass relationghip Keyrd atribute
7 From dass to its relationship Reference edge
8 Key attribute of its sperdass Keyre attribute
9 From subdass to superdass ead reference edge
10 Method Sub-EC
11 Parameter of method Attribute of sur EC
12 Implementation of method Subr ECof EC oorregponding to method
13 From dass to its method Jead tag edge
14 From method to itsimplementation Sead tag edge
15 (Qass aggregation EC
16 From dass aggregation to dass Tag edge
3.3.2 Mappings between relationd mode and
XIDM mode

Smilar to OODB , database, reations (tables)
and attributes (including primary key and foreign key
attribute) should be taken into account in relationa
database sysem. Table 2 shows the mappings be
tween relational model and XIDM modd .

Table 2 Mappings bet ween relational model and XIDM model

No. Conoeptsin Relationd Modd Conoeptsin XIDM Modd
1 Relation (Table) Hement duger (EC)
2 Primary key attribute Key atribute
3 Attribute Attribute or Suty EC
4 From reation to its attribute Tay edge (for Sub- EC)
5 Foreign key attribute Keyrd atribute
6 Relation referenced by foreign key Independent EC
7 From relation to referenced relation Reference edge (for (5) and (6))
8 Foreign key attribute (None)
9 Relation referenced by foreign key b EC
10 From relation to referenced relation Tag edge (for (8) and (9))
11 Databae EC
12 From database to table Teg edge

3.3.3 Mappings between file sysems and XIDM

model

As we krnow, nog of the file ygems are ®mi-

gructured or

norrdructured and have mo nplete

shemas To integrate file sysem to MDBSs, data pre-
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processng, which will pick up the userintereged and
pivotd data, shoud be needed. Smeframe data, such as
“ <HTML >™ <HEAD>™ < TITLE>" in HTML
webpages,” < Name>" ddined by <! BEEMENT
Name (# PCDATA ) >" in XML documents, operation
flow, process ddinition, action and gdate trandtion in
work flow management sysem, file names, meda type
and file 9ze in mutimedia sysem, etc. , can be drawn
out asthe key and structure information. These structure
data, named schema irformation, will be modded by
XIDM and form alocd schema, which will be convenient
for integration.

There are many types of file sysems, but, at
present, Panorama sysem mainly integrates XML/
HTML-based file systems. Because XIDM modd it-
«f isoriented to XML Schema, there are d most no
needs to dea with the schema trandormation when
we establish schema mappings between XML/ HTML
document modd and XIDM modd. Limit to gace,
we don’ t give the details and examplesin this paper.

4. IMPLEMENTATION IN
PANORAMA SYSTEM

In Parporama sysem, XIDM acts as the comnon data
modd and provides universd data representation and ex-
change platform for multidatabase gobd users. It canin
tegrate object-oriented database sysems (such as Object-
Sore, O2) , rdationd databae sygems (such as Orade,
Sybase, DB2/ UDB) , HTML/ XML documents, file sys-
tems and other semi- structured datal”!.  The following ex-
amples will illugrate schema mgppings among different
hemasin Parnorama sysem.

Example 1 In a loca schema of object-oriented
databae ObjectStore participating in Panorama,
there are two classes, Staff and Department, which
are defined by object definition language (ODL) .

module Company {

interface Staff (key No){

attribute integer EmpNo;

attribute string Name;

attribute float Salary;

relationship Staff Director inverse Staff :: Direct;
relationship Set < Staff > Direct inverse
Staff ::
relationship Department Dept inverse De-
partment : : Contain;

Director ;
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boolean SetSalary (in float NewSal) raises
(SalaryNotSet) ;
H
i nterf ace Department (key Number) {
attribute string Number ;
attribute string Name;
attribute string Struct Addr { string Street,
string City} Address;
relationship Set < Staff > Contain inverse
Staff : : Dept;
b

Here, Company is the dass aggregation of Staff
and Department. Hg. 2 illugrates the export schemas
based on XIDM modd for the above dass schemas, where
each node (i.e. dement duger) represented by number
1,2,3, |, tag edges deroted by <lid line and reference
edges denoted by dashed line. Sub dement duders of
each node are represented by tag edges and attributes are
gven by the endodng curly bracket parentheses. Sedd
tag edges, e.g. Method: : SetSalary, are used to repre-
ent methodsaof locd dass. Node 9 gives the implementar
tion part of the method , while node 10 denotes the excep-
tion procesing for the method. The qudifications and
schema mappings are not preented in FHg. 2. Note that
me name trandormation shoud be needed when we
trandate the locd schemas into XIDM-based export
<hemas. For exanple, dass Staff istrandated into de-
ment duser Employee and attribute Name of dass Staf f
istrandormed into dement duger EName.

Employee

9 {ENg,Director,De
amﬁtNO Diirector, }ge

-
EName
Salary>$1000]

Fig.2 XIDM-based export schemas for
class schemas in Examptle 1

Fig. 3 Local mappings for
node 2 and node 4 in Fig.2

As a demonstration, the schema mappings and
qudificationsof node 2 and node 4 are discussed here
(e Fig.3).“ &2" and’ &4" are used for represent-
ing the loca concepts corregponding to node 2 and
node 4 repectivdy. We use double dashed line to de-
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note schema mapping and the symbol on the edge is
comprised of local concepts corregponding to the ele
ment cluster and its attributes. Qualifications are giv-
en viaapair of sguare brackets. For instance, the lo-
ca ooncepts corregponding to eement cluster
ployee and its attributes ENo, Director and Dept are
class Staff and itsattributes No, Director and Dept
repectively. S, the symbol on the edge is* Staff
( No, Director, Dept)”. For dement cduster
EName the correponding loca concept is attribute
Name of class Staff, therefore, the symbol is

Staff . Name”. Suppose we just want element clus
ter Employee to include those gtaffs whose slary is

Em-

more than 1 000, then the qudification will be
“ [Sdary > 1000]".
Example 2 In aloca database instance Corpo-

ration of relationa database Oracle joining in Panora
ma, there are three tables: Person, Branch and Ad-
dress, whose relationa schemas are presented in Fig.
4 and corresponding XIDM-based export schemas are
givenin Fig.5. The same with Example 1, we a0
need to process schema trandormation between loca
schemas and export schemas. For example, table
name Person is converted into element cluster Em-
ployee, and attribute Name of Person is trandated
into element cluster EName in XIDM model. Anoth-
er illumination is the relation Address is trandormed
into sub element cluster Address of Department be-
caue Address is referenced by the relation Branch
through AddrID. The way to represent qualifications
and schema mappingsin Example 2 is smilar to Ex-
ample 1.

After integrating the XIDM-based export
schemas represented by Fig. 2 and Fig.5, we can get
the globa schema in panorama system for the loca
schemas in Example 1 and Example 2. Fig. 6 shows
the integrated globa schemas that aso bases on
XIDM model. The schema mappings for globa
schema can be obtained through analyzing the loca
systems during the integrating process. For instance,
the globa element cluster Department may be hori-
zontaly mapped into export element cluster Depart-
ment in Fg. 2 and Fig. 5 repectively via conditions

“ [DNo < 301]” and“ [DNo > 210]” and verticaly
mapped on“ < {DNo} , { DName, Address} >" and
“ < {DNo, Manager} , { DName, Address} >",
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while the globa dement cluser Employee will be
verticaly mapped on“ < { ENo, Director, Dept} ,
{EName, Sdary, Method: : SetSalary} >” and* <
{ ENo, Dept} , { EName, Age, Sary} >".

Database instance: Corporation

Person
No * | Name | Age | Sdary | Branch®
Branch
Number * Name | Addr D" | Manager®
Address
AddrID Sreet | Gty

Where" *” denotes Key attributes and“ ~" represents Foreign at-

tributes.
FHg.4 Reationd schemasfor database Corporation

Company

Fg.5 XIDM-based export schemasfor
relationd schemasin Example 2

-
- —
-----

{ 2 }{ENo, Director Depi}

29 -
. -
~-'"b-.-.-------‘

(10) (i1 MSalaryNotset) @ @

Fg.6 XIDM-based gobd schemas

5. CONCL USION

Schema mappings are part of the schema information
in MDBSs. They show how local schemas will be
trandormed into globa schemas through schema
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trandation and integration. On the other hand, they
a2 suggest how globa queries will get their results
fromLDBSs. Hence, schema mappings are the bass
of globa query decompostion and processng in
MDBSs. With the rgpid development of new proto-
cols, approaches and techniques, more and more go-
plication requirements want new data description
methods and eficient information integration strate-
gies. There has been much interest recently in inte-
grating heterogeneous data surces. Snce schema
mapping istightly related with common data model in
MDBSs, thisstudy firstly presentsan XML-based In-
tegration Data Model (XIDM) as a common data
model , which can integrate structured data and semi-
structured data. Then, an goproach of schema map-
ping based on XIDM isgiven. We a0 show theillus
tration and i mplementation of these mgppings among
globa schemas, export schemas and loca schemasin
a multidatabase prototype- Panorama system.

As a future work for Panorama, we intend to
enhance the semantic representation of XIDM modéd
to integrate more complicated data sources. We are
developing a query language complying with XIDM
model and desgning GU | tools to maintain the globa
schema information including schema mappings in
Panorama system. We are a9 planning to provide
more eficient gpproachesfor query procesing, trans
action management and security administration in
Panorama system coping with the environment distri-
bution, data representation and manipulation hetero-
geneity and local autonomy. Findly, we believe that
the experiences that have been learned from this sys
tem as an ongoing project can help us to improve the
overall performance and optimization in the next step
of Panorama.
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