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Abstract

We consider the information modeling issues in en�
vironments that range from multidatabase manipula�
tions supporting direct DBMS level interfaces to mul�
tiple database� to multisystem applications involving
activities among multiple application systems� Infor�
mation modeling needs in such environments go far
beyond the use of traditional data models to develop
database schemas or application views� Besides mod�
eling data managed by individual component systems
and databases� we also need to model operations and
activities� as well as interdependencies and constraints
that span across the systems� Because of signi�cant
interplay between these di�erent types of informa�
tion during informationmanagement activities such as
query processing and transaction management� a uni�
form framework for modeling� and preferably a single
language for specifying� all these types of information
is highly desirable� For an example multisystem ap�
plication� we demonstrate important aspects of such
a uniform and comprehensive modeling in the SYN�
THESIS language�

� Introduction

The multidatabase system environments that we
consider range from multisystem applications to mul�
tidatabase manipulation� The former includes sup�
porting applications that perform operations on mul�
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tiple existing� autonomous� and heterogeneous com�
ponent application systems� A component applica�
tion system consists of application program�s� and
its own database�s�� and typically can be accessed
only through its application level interface� A mul�
tidatabase manipulation involves direct DBMS level
access by a multidatabase application to the databases
managed by the �possibly heterogeneous� DBMSs�

To support applications and e�ective management
of information in multidatabase systems characterized
above� we need to go signi�cantly beyond the tradi�
tional database modeling that involves modeling of
structure� and sometimes semantics �i�e�� meaning and
use�� of data objects that are stored in a database or
used by an application� Additional types of informa�
tion that should be modeled include modeling of mul�
tisystem operations �also called multisystem activities
or work �ows�� and of multidatabase consistency re�
quirements speci�ed as consistency constraints among
related data that are managed in multiple databases�

In Section 	� we characterize the three informa�
tion management issues that have typically been ad�
dressed separately in the literature� We discuss some
of the signi�cant interactions among the three infor�
mation management issues� and point to the advan�
tages that may result from their comprehensive and
uniform modeling� We then sketch an information
repository that can support such a modeling� In Sec�
tion 
� we use a simple multisystem application and
the SYNTHESIS language to demonstrate one rep�
resentation framework to comprehensively and uni�
formly model di�erent types of information� More
emphasis is given to the operation �transaction� ex�
ecution semantics and consistency constraints � the
types of information that has often not been modeled
in the past� Section � provides a brief conclusion�



� Three Dimensions of Information Man�
agement

We present a classi�cation of information man�
agement issues in multidatabase system environments
along three essential dimensions
 multidatabase in�
formation modeling� multidatabase operation interde�
pendencies� and multidatabase consistency constraints
�see Figure ��� Almost all research to date has fo�
cused on one dimension at a time� However� we be�
lieve that issues along each dimension have signi�cant
interactions with information along other dimensions�
Furthermore� a compatible or uniform representation
of information along each of these three dimensions
can help to bene�cially exploit the interactions among
them and to provide a more comprehensive framework
for managing information and supporting multisystem
applications in a multidatabase environment�

Multidatabase Information Modeling

Multidatabase information modeling can be seen as
an extension of the recent work on federated database
schema architecture �SL���� information modeling
�including conceptual data modeling for traditional
databases and behavior�operation modeling in object
oriented context�� schema analysis and schema inte�
gration� and techniques to deal with semantic hetero�
geneity in multidatabase systems �S���� Types of in�
formation about individual information systems that
may be modeled along this dimension include


� schemas that may consist of data struc�
ture de�nitions using data models needed
for multidatabase manipulation and�or behav�
ior�operation modeling needed for multisystem
applications

� other meta�data such as dictionary and directory
information and other information stored in a
traditional information repository�

� meta�meta�data such as data modeling guide�
lines and data modeling constraints�

� data and application semantics including com�
mon sense and background knowledge and on�
tology� and other ways of capturing semantics
�e�g�� rules��

Following the modeling of individual information
systems� a multidatabase information model needs
to specify semantic similarities and schematic di�er�
ences among information managed by di�erent sys�
tems �SK�	��

Multidatabase Operation Interdepen�
dencies

This dimension presents an operation�centric or
transaction�centric view of information management�
It captures multisystem application semantics related
to dependencies among multisystem application�s op�
erations or transactions performed by multiple com�
ponent systems or dependencies among subtransac�
tions of a multidatabase transaction� This dimen�
sion is related to research in relaxed or extended
transaction models �E�	� and frameworks �CR����
These can be used to support multisystem work �ows
�DHL����ANRS�	�� In addition� it may include se�
mantics of operations�transactions such as commu�
tativity or one sided commutativity of operations
�BR����KRST�	� or the levels of inconsistencies that
can be tolerated by an operation� Managing a work
�ow involves speci�cation and support of dependen�
cies among operations performed by di�erent systems
and databases to support a multisystem application�

Multidatabase Dependencies and Con�
sistency

This dimension presents a data�centric view of infor�
mation management� Speci�cally� it captures speci��
cation of semantically related data stored in di�erent
databases and their consistency in a multisystem ap�
plication and multidatabase context� Its key compo�
nent is specifying and enforcing consistency of inter�
related data stored in databases managed by di�erent
DBMSs and�or di�erent application systems� Recent
research on active databases �DHL��� and research on
interdependent data �RSK��� help in addressing this
issue �also see �WQ����� The framework for modeling
interdependent data uses data dependency descriptors
to capture structural dependency among related data
stored in di�erent databases� their consistency require�
ments involving both temporal and data state compo�
nents� and procedures to restore consistency of related
data�

��� Interactions

Issues along these three dimensions are not fully or�
thogonal� We feel that at a conceptual level� it helps
to consider each of them separately� This allows us to
distinctly address the distribution� heterogeneity� and
autonomy issues along each dimension� However� it
is critical to understand and exploit the interactions
among information along di�erent dimensions to de�
velop a comprehensive information management sys�
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Figure �
 Three dimensions of information management in a multidatabase environment

tem� Some examples of interactions and relationships
between the issues on the three dimensions follow


� Modeling of data in information modeling can
be extended to include modeling of operations
and transactions �subtransactions� atomic trans�
actions� multidatabase transactions�� In fact an
object hierarchy may include data objects and
operation�transaction objects�

� Multidatabase consistency constraints and inter�
transaction �intra�multidatabase transaction�
dependencies can be considered to be aspects
of constraints in information modeling� In
Carnot�C���� all constraints together are termed
as a declarative resource constraint base� Uni�
form speci�cations of correctness criteria used by
various transaction models and consistency re�
quirements of applications have been suggested
in �KMS��� and that of database consistency
constraints and transaction correctness proper�
ties have been investigated in �RC���� Rule
based speci�cations and triggers� such as E�C�
A rules �DHL��� can be used to specify aspects
of operation dependencies as well as data consis�
tency requirements�

� Information along the information modeling di�
mension can be used for query processing� op�
timization� semantic enrichment� and retrieving
approximate answers� Carnot�C��� performs se�
mantic enrichment to retrieve objects related to
the original query�

� Multisystem�multidatabase transaction man�
agement �e�g�� polytransactions �SRK�	�� may
involve using information along the multi�
database operation interdependencies and op�
eration semantics along the multidatabase ma�
nipulation dimension as well as information
such as data dependency descriptors along the
multidatabase dependency and consistency con�
straints dimension� Alternatively� polytrans�
actions can be seen as augmenting traditional
transactions or other relaxed multidatabase
transactions to also enfore multidatabase con�
sistency requirements�

��� An Information Repository

We propose that an information repository should
maintain all these types of information� and that hav�
ing a uniform representation would help in designing
such a repository� A possible structure of an infor�
mation repository that may hold information along all



three dimensions is shown in Figure 	� The next sec�
tion addresses the issue of uniform representation�

Information is modeled using three types of ob�
jects
 data� operations� and constraints� These types
correspond to the information management dimen�
sion shown in Figure �� Objects of each type have
been organized in a three level classi�cation hierarchy�
Generalization�specialization is further used at each
classi�cation level� Each level is specialized into the
objects of the three types� The meta�meta level pro�
vides a description of one or more models for each type
of object� It can include one or more of the following


� data models for modeling database schemas

� activity or relaxed transaction models for mod�
eling activities� collections of operations� or mul�
tidatabase transactions�� and

� data dependency and consistency speci�cation
models �e�g�� the data dependency descriptors
requiring three speci�cation components of de�
pendency� consistency� and restoration �RSK���
for specifying multidatabase dependencies and
consistency constraints��

Various models at the meta�meta level themselves
can be organized into additional class �generalization�
hierarchies not shown in this �gure� For example� var�
ious relaxed transaction models can be de�ned in a
class hierarchy to allow sharing of modeling features
and interoperability of relaxed transactions de�ned at
the meta�level�

Models de�ned as subclasses will inherit attributes
and behavior from their transitive superclasses� Thus
common features of relaxed transaction models and
their interrelationships may be explicitly and homoge�
neously shown� Speci�c transactions are represented
as instances of an appropriate class� For instance� we
may assume that deferred transaction model �DHL���
is speci�ed as a subclass of a nested transaction model�
which in turn is a subclass of a more general transac�
tion model� All relevant inter�transaction dependen�
cies de�ned in terms of e�ects of transactions on other
transactions are speci�ed by the methods of these
classes�

Each meta level object is described according to a
relevant model described at the meta�meta level� Fol�
lowing types of objects are modeled at this level


� individual database schemas �intensional aspects
of the objects� are modeled as meta�data objects

�A framework such as ACTA �CR��� to provide building
blocks for such models�

� various multisystem applications� activities� or
multidatabase transactions are modeled as meta�
operation objects� and

� various multidatabase and multi�system depen�
dencies and consistency constraints are modeled
as meta�constraint objects�

At the object level� we have individual data object
extensions� codes for individual methods and transac�
tions� and descriptions or implementations of individ�
ual components of constraint speci�cations�

� Uniform Representation

A uniform representation can facilitate to under�
stand and exploit interactions among the issues mod�
eled along the three dimensions and develop a com�
prehensive information management strategy� In this
section� we use the SYNTHESIS language �K��� to
demonstrate the feasibility of using one representation
system to uniformly model information along all three
dimensions� A simple hotel reservation system is mod�
eled� We model only the objects at the meta level of
the classi�cation hierarchy�

��� An example of a simple hotel reser�
vation system

The computerized hotel reservation system of a fran�
chise hotel consists of local o�ces �LOs� located at
each franchise location and the central reservation of�
�ce �CO�� A customer or travel agent can directly
contact an LO or call the CO using its ��� number
to either make a new reservation� change the existing
reservation� or cancel the existing reservation� The
LO has the master copy of the reservation records and
availability of rooms at that location� The CO keeps
a copy of the records of each LO� This copy can be
up�to 	� hours old� The CO calls up each LO every
night to perform the following operations�

�� Exchange with the LO the respective changes in
reservation records during the last period�

	� Get from the LO a quota of 	�� of the remaining
vacancies� This quota may be used by the CO
during the next day to satisfy new reservation
requests�

The database state at the CO is considered to be�
come abnormal if
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Figure 	
 An information repository structure covering the three dimensions

�� a quota for a hotel managed by the CO is ex�
hausted�

	� a quota for a hotel managed by the CO exceeds
the given 	�� limit because of the cancellation
of previous reservations�

In such cases the CO communicates with the LO im�
mediately �in addition to the once�a�day normal ex�
change explained above�� and exchanges information
using the following rules


�� If the quota for some LO is exhausted� the CO
should communicate with this LO to get an ad�
ditional quota only if the total amount of the
CO reservations exceed ��� of the sum of all
quotas �this sum is taken for all LOs served by
the CO�� It is expected that the CO can pro�
vide reasonable service if the CO still has su��
cient amounts of quotas for other LOs� ��� is a
heuristic threshold�

	� If the actual number of rooms available for some
LO exceeds its quota �e�g�� the extra quota may

be obtained due to cancellations of previous
reservations� and the total amount of CO reser�
vations is below ��� of the sum of all quotas�
the CO should communicate with the LOs to re�
lease a certain amount of quota� This heuristics
ensures that the quota assigned to the CO does
not far exceed its ability of �ll vacancies�

Our example ignores the situation when the quota
at an LO is exhausted but the CO still has a vacancy
for that LO�

Using this simple example� we now demonstrate a
uniform representation of information along all three
dimensions �Information Modeling� Operation Inter�
dependence� Consistency Constraints� in the SYN�
THESIS language�

��� Overview of the relevant SYN�
THESIS language features

SYNTHESIS �K��� was designed as a multipurpose
language to homogeneously describe heterogeneous in�
formation� Examples of the types of information that



can be modeled include formalized description of the
application domains� conceptual design of pre�existing
information resources� the application problem speci�
�cation� In this paper we discuss only those features
of the SYNTHESIS language that are necessary to
demonstrate types of information occurring in our ex�
ample�

The SYNTHESIS language uses frames to describe
any entity� including the entities of the language itself�
such as types� classes� functions� and assertions� A
frame may be used as a structured symbolic model of
some entity or some concept� The built�in slot self
contains the frame�s unique identi�er� It is assigned
by the system when the frame is created and is kept
permanent during the life of the frame�

Syntactically� a frame is always represented in
brackets f and g� Slots are separated by semicolons� A
slot name and its values are separated by a colon� The
values of a slot are separated by commas� Acceptable
slot values include an atomic value� a frame� a collec�
tion of rules of logic programming language� and a set
of values�

Each frame may be declared to belong to a class
or a metaclass� Such frame membership is denoted by
a slot in 
� class or metaclass name list �� Examples
of built�in metaclasses are
 class� metaclass� assertion�
transaction� and function�

Syntactically� each functional attribute of a class
�such attributes are considered to be the methods� is
de�ned by the description of a function


� function description �

�
f� function identi�er ��
in 
 function�
�params 
 f� formal parameter list �g� �
�� implementation �� g

� formal parameter identi�er �

�
� parameter sort symbol �� typed variable �

� parameter sort symbol �

� �j� j � empty ��
where

� speci�es input parameter�
� speci�es output parameter� and
� empty � speci�es input � output parameter�

Implementation of a function may be given by ei�
ther a logic program� by a predicative speci�cation
or by a program written in some programming lan�
guage� A predicative speci�cation is used to state
mixed pre�post conditions de�ning the function� To
describe a state transition� it is necessary to distinctly
denote the variables that de�ne the state before and
after the function execution� In our syntax� an apos�
trophe is used to identify the variable referring to the

state after function execution�
Assertions� logic programs� and formulae appearing

in the predicative speci�cations below are described as
follows� A variant of the multisorted �rst order pred�
icate logic language is used in SYNTHESIS �KZ����
Each predicate� function� variable and constant in the
formulae is typed� In simpli�ed form formulae are ei�
ther atoms or appear as


w� � w� �w� and w��
w� j w� �w� or w��
�w� �not w��
w�� � w� �if w� then w��
� x�t �w� �for some x of type t� w�
� x�t �w� �for all x of type t� w�

where w� w�� w� are formulae�
Existential and universal quanti�ers are denoted by

ex and all� respectively� Built�in predicates are used
to simplify representation of the formulae� e�g�


� added�� variable ��� class name �� � is true after
the function execution if the variable de�nes a new
object created as an instance of the given class�

� removed�� variable ��� class name �� � is true af�
ter the function execution if the variable de�nes an
object removed from the given class�

Predicative speci�cation of an operation involves
de�ning properties and relationships that should be
satis�ed by the state transitions caused by execution
of the operation� This involves using the predicates
relating values of state variables before and after the
operation execution �expressing mixed pre� and post�
conditions�� Thus� a predicative transaction speci�ca�
tion uses predicates that express what properties the
state transitions resulting for the transaction execu�
tion have� in terms of the properties of� and the rela�
tionships between the input and the output states� of
the state transition� A complete predicative speci�ca�
tion of a �multidatabase� transaction model involves
considering all state transactions caused by the prim�
itives �such as Begin� Spawn� Commit� Abort� of the
transaction model�

We specify the transaction models in an object�
oriented style� Typed �rst order logic is used to repre�
sent consistency constraints �sometimes called invari�
ants� and predicative speci�cation is used for oper�
ations� Primitives are applied to transactions inter�
preted as objects� The object�orientation allows spec�
ifying a transaction class hierarchy where each class
represents a speci�c transaction model� Models de�
�ned as subclasses will inherit attributes and behav�
ior from their transitive superclasses� Thus common
features of multitransaction models and their interre�
lationship may be explicitly shown� Speci�c transac�



tions are represented as instances of an appropriate
class�

��� Speci�cation of the hotel reserva�
tion system in SYNTHESIS

De�nitions of data objects and operation�transaction
objects are give next and are self explanatory� There�
after� we discuss speci�cation of constraints and an
execution model for data interdependencies in more
detail�

Information modeling in an object�oriented
style

fhotel�
in
 class�
hotel name
 string�
quota
 integer�
actual resrv
 integer�
g�

freservation�
in
 class�
where
 hotel�
for whom
 person�
for period
 time�
g�

Operation�Transaction Modeling

fcentral op�
in
 transaction�
r
 reservation�
book
 fin
 function�

params
 f�person� �hotel� �period� �rg�
fr�where��hotel � r�for whom��person �
r�for period��period � added�r�reservation� �
hotel�actual resrv��hotel�actual resrv��gg�

cancel
 fin
 function�
params
 f�rg�
fr�where�actual resrv��

r�where�actual resrv�� �
removed�r�reservation�gg

g�

����� Consistency Constraint Modeling

We now discuss declarative speci�cation of data in�
terdependency constraints and an execution model to
enforce them�

In SYNTHESIS� the script facility is used for de�
scribing a collection of activities� The script model
of SYNTHESIS is based on the high level Petri nets�
Scripts are de�ned as classes� each instance of a script
class corresponds to a particular activation of an activ�
ity de�ned by the script� An activity may have some
or all of the ACID properties of a traditional transac�
tion� As an object such instance is characterized by
an object identi�er and a collection of the script at�
tribute values� A script includes description of states
that may be connected by transition arcs� The def�
inition of a state may include assertions that should
be satis�ed in the state� Each transition arc connects
the transition input states �speci�ed by the from slot
of a script� with the output states �speci�ed by the to

slot of a script�� The transition arc is also de�ned by
the transition condition and the transition action� The
transition takes place if all its input states are active�
assertions corresponding to the input states are satis�
�ed and the transition condition is satis�ed� After the
transition action all input states of the transition are
deactivated and all output states are activated�

As mentioned earlier� we propose to model a trans�
action class hierarchy� For example� the class speci�
fying the deferred transaction model is a subclass of
the class specifying the nested transaction model� Fur�
thermore� execution model of each transaction model
is speci�ed as its subclass of type script class�

Only one instance of the script for each top level ac�
tivity �in our case for each CO activity� should exist�
This instance� besides representing a script� will also
represent a top transaction in the deferred transaction
class� Subtransaction instances may be created during
the life of a top transaction as its children� We discuss
execution model of the deferred transaction model be�
low�

By declaring a script as a subclass of the deferred
transaction class� we can use the methods associated
with this class� The methods of a class specifying
a transaction model de�ne primitives of the corre�
sponding transaction model� In the example we use
two primitives of the deferred transaction model
 de�
ferred spawn and cycle�

Deferred spawn causes creation of a subtransaction
that will be spawned and executed as a deferred sub�
transaction� The cycled deferred activity of subtrans�
actions is organized using two sets of deferred sub�
transactions � current wave and next wave� Current
wave contains subtransactions that were made ready
during the previous cycle �the concept of cycle is de�ne
below� for concurrent execution during this cycle� The
next wave contains subtransactions that were created



by deferred spawn primitives during the execution of
the top transaction or of the subtransactions of the
current wave�

The cycle primitive is called in a state when the
current wave is empty �all subtransactions of the cur�
rent wave were executed�� Execution of this primitive
results in moving of all subtransactions from the next
wave to the current wave and in setting the next wave
set to empty� Subsequently concurrent execution of
the current wave of subtransactions is started�

The execution of deferred subtransaction �DHL���
is delayed until the cycle�� end� which denotes end of
the top transaction T � If more than one deferred sub�
transactions are created before T reaches its cycle�
� end� then all these subtransactions are started as
concurrent subtransactions in cycle��� If the process�
ing of subtransactions in cycle�� causes more deferred
transactions to be created� the latter are started when
all subtransactions in cycle�� have �nished and are
started as concurrent subtransactions of T in cycle���
If no more deferred subtransactions are created during
the current cycle� T can commit�

We now specify the consistency constraints for our
example and their enforcement� A comment �eld of
each speci�cation explains that speci�cation�
fCO state restoration activity�
in
 script�
superclass
 deferred transaction �
initial
 start�
tr�
 deferred transaction�
tr	
 deferred transaction�
states


fDDD��
assertions

ffex hotel name �available reserv�� �

hotel�hotel name��gg�
ff current wave is empty gg

g�
fcomment�
The assertion associated with the state DDD� of

the script detects the situation that the quota of some
LO is exhausted�

In each cycle the DDDi state may be activated only
when the current wave becomes empty� It happens
when all subtransactions of the current wave will be
executed�

g�

fDDD	�
assertions

ffex hotel name �available reserv � quota �
hotel�hotel name��gg�

ff current wave is empty gg
g�

fcomment�
The assertion associated with the state DDD	 of the

script detects the situation that the actual number of
rooms available for some LO exceeds its quota�

g�

transitions


ffrom
 start�
to
 DDD�� DDD	� cycle�
action
 g�

fcomment�
The state cycle is used to organization cycled execu�

tion of deferred subtransactions� The cycle primitive
is used for that�

g�
ffrom
 DDD��
to
 D��
condition
 ffcount�r� reservation�r�self�� �

��� � total�quota� hotel�quota��gg�
fcomment�
The condition corresponds to the �rst rule of the

hotel example
 whether the total amount of CO reser�
vations exceeds ��� of the sum of quotas of all LOs�
Recall that the state DDD� denotes the abnormal sit�
uation in which the quota available to the CO of the
relevant LO has exhausted�

g�
action

ffdeferred spawn�get additional quota� tr��

ggg�
fcomment�
The deferred spawn primitive above creates a new

transaction belonging to the get additional quota class
and includes the transaction tr� �declared as the out�
put parameter of the primitive deferred spawn� into
the next wave set� The transition leads to the inter�
mediate state D� state which is introduced to wait for
the completion of tr��

When script transition activity leading to spawning
of subtransactions is completed� the transition corre�
sponding the cycle input state will be �red� The cy�
cle primitive starts executing already prepared wave
of subtransactions� Commit of each such subtransac�
tion leads to its exclusion from the current wave set�
In particular� when tr� completes� the transition from
D� to DDD� is �red� Finally� current wave becomes
empty� Then DDDi states are again activated and new
cycle begins �now next wave might not be empty
 it
may contain deferred subtransactions created during
the current wave��



g�
ffrom
 DDD	�
to
 D	�
condition
 ffcount�r� reservation�r�self�� �

��� � total�quota� hotel�quota��gg�
fcomment�
This condition checks whether the total amount of

CO reservations is below ��� of the sum of quotas of
all LOs�

g�
action

ffdeferred spawn�release extra quota� tr	�

ggg�

ffrom
 D��
to
 DDD��
condition
 ff ���tr� � current wave� �

�tr� � next wave��gg�
action
 g�

ffrom
 D	�
to
 DDD	�
condition
 ff ���tr	 � current wave� �

�tr	 � next wave��gg�
action
 g�

fcomment�
Transitions from states D� and D	 below take place

when deferred subtransaction tr� �tr	� generated on
transition from DDD� to D� �DDD	 to D	� had been
executed� To detect this situation it is su�cient to
check that tr� �tr	� does not belong to both cur�
rent wave and next wave sets�

g�

ffrom
 cycle�
to
 cycle�
condition
 ff current wave is empty and next

wave is not empty� no transition is
possible except this one � gg

action
 cycle�this� g
fcomment�
Parameter this refers to the current instance of the

script class� g�
g

The above example of a script�based transaction
can also be seen as an example of a polytransaction
�SRK�	�� Polytransactions were introduced for main�
taining consistency among interdependent data stored
in multiple database systems� Interdatabase depen�
dency and consistency requirements are speci�ed using
the Data Dependency Descriptors �D�� that include ��
an interdatabase dependency predicate P � 	� a mutual

consistency predicate stating consistency requirements
C that de�ne when P must be satis�ed� and 
� a col�
lection A of consistency restoration procedures needed
to restore consistency and to ensure that P is satis�ed
as speci�ed by C� Our example includes two D� ex�
pressed by the DDD� and DDD	 states� associated
assertions �corresponding to interdatabase states that
model their P s� and transitions leading from DDD��
DDD	 that use consistency restoration procedures�

� Conclusion

A classi�cation of information management issues
in multidatabase system environments is presented
along three dimensions
 multidatabase information
modeling� multidatabase operation interdependencies�
and multidatabase consistency constraints� Though
these three dimensions are not fully orthogonal� we feel
that at a conceptual level� it helps to consider each of
them separately�

The concept of the information repository is pre�
sented� In the repository each dimension mentioned
above is structured into objects of three di�erent
types� The meta�meta level provides a description of
one or more models for each type of object� Each meta
level object is described according to a relevant model
described at the meta�meta level� At the object level�
we have individual data object extensions� codes for
individual methods and transactions� and descriptions
or implementations of individual components of con�
straint speci�cations�

We believe that a comprehensive and uniform rep�
resentation of information along each of these three
dimensions can help to bene�cially exploit the interac�
tions among them for better informationmanagement�
It can also provide a more comprehensive design� de�
velopment� and operation of the multisystem applica�
tions and individual components �application systems
and�or databases� in a multidatabase environment� A
uniform and comprehensive representation of all these
types of information is required to exploit signi�cant
interplay between these di�erent types of information
during information management activities such as in�
formation system design providing for semantic inter�
operation� query processing� and transaction and con�
sistency constraint management� To demonstrate the
feasibility of a comprehensive and uniform represen�
tation� we used the SYNTHESIS language that was
designed for developing heterogeneous interoperable
information resource environment� Using the SYN�
THESIS language� we modeled the relevant types of
information for supporting an example multisystem



application� Modeling of transaction execution seman�
tics and consistency constraints were demonstrated in
more detail�
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