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Abstract

Semantic abstraction mapping establishing a correspondence between

an information resource and an application is considered to be a basic no�

tion providing for the study of semantic interoperability of heterogeneous

information resources� The structure and necessary properties of a re�

source class application abstraction are considered� An intensional model�

based properties of the abstraction mapping are introduced as provable

conditions of a class assertion abstraction and an operation concretization�

� Introduction

This paper is concentrated on one of the basic issues of the interoperable hetero�
geneous information resource environment design ��� � the application semantics
of a resource�

To make the interoperable information resource environment a reality a com�
bination of several outstanding abilities should be reached 
 an ability to homog�
enize heterogeneous information resource representations� an ability to organize
proper reuse of existing resources� an ability to be sure that a given resource
is applicable to a particular problem� that a combination of resources is com�
posable in a consistently integrated collection and an ability of the dynamic
design of an interoperable system capable to solve a given problem by means of
a proper executive�

The way of an applicability problem solving is seen in keeping of a clean
separate description of a real world �application domain
 model as the basic se�
mantic reference point� Then an information resource semantics may be de�ned
relatively to such real world model ��g� �
�
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Semantic abstraction mapping �Sem and Abs
 establishes a correspondence
between an information resource and an application� Such information resource
abstraction should provide for analysis of semantics discrepancies between dif�
ferent resources and between an application and a resource to be reused� for
the semantic integration of a resource abstraction and of the application model�
for the information system conceptual design on the basis of the pre�existing
heterogeneous information resources�

To make the process of analysis of the applicability formal and well�grounded
we follow model�based speci�cations ��� developed in Z�notation ���� Abstract
Machines ��� to build a model of an application and of a resource representing
its statics and dynamics� Using this formalism we provide a basis for provable
reasoning on such notions as consistency of operations �proved by preservation
of the invariants ��� 
� application�resource semantic assertion subsumption ���
�the subsumption theorem should be proved
� application�resource functions
�transactions
 concretization �the concretization conditions based on the corre�
sponding predicative speci�cations should be proved
� and �nally on the notion
of concretization of an application by a resource�

Here we concentrate on the semantic abstraction of classes taking into ac�
count that an application as well as a resource are modelled in terms of classes
of objects and their relationships that develop over time and are restricted by
various constraints� The application model should be as abstract and as declar�
ative as possible to be used as a reference point� This model is separated from
the homogeneous description of the information resources though both are de�
scribed in frame of one and the same language �e�g� SYNTHESIS ���
 used in
di�erent styles�

The paper is organized as follows� First we consider a structure of a re�
source class abstraction mapping taking into account pure syntactical issues�
Then necessary properties of the constituents of the mapping are summarized
in order that such mapping may be considered as a class abstraction� Finally an
intensional model�based abstraction properties of the mapping are introduced
establishing provable conditions of a class assertion subsumption ��� and an op�
eration concretization� A simple case of an application abstraction of a resource
class is demonstrated by the example�

� A structure of a class abstraction mapping

In the information resource desription or in the aplication model the following
collections of basic entities are considered
 �
 types T � ft�� t�� ���g� �
 classes
C � fc�� c�� ���g� �
 attributes A � fa�� a�� ���g� To each class c a set Idc of
unique object identi�ers �oid
 corresponds�

An attribute ai of a class c is considered to be a function ai 
 Idc � fE�ti
�
E�ci
g where E denotes a set of value �an extension
 of a type or a class �for
a class c E�c
 is considered to be equivalent to Idc
� Functional attributes
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�class methods
 are denoted by ai 
 Idc � Oi� where Oi is a type of a function
�operation
� or a particular function description �Oi in this case is treated as a
single�element set
�

A particular set of type costructors here is not important� though it is as�
sumed that a comprehensive set of basic types is used including type of a tuple�
type of a set� type of a union of types as well as an abstract data type construc�
tor�

Behaviorally we consider separately a collection of assertions connected to an
attribute Pa � �pa� � pa� � ���
 and a collection of class assertions Pc � �pc� � pc� � ���
�
each assertion being a predicate�

Operations and assertions we shall characterize by signatures of functions
�predicates
 denoted by sign�o� or sign�p� and by predicative formal speci�ca�
tions ����� denoted by spc�o� and by spc�p� �

Generally a class abstraction is a mapping absc 
 CR � CA �everywhere a
lower index R denotes belonging to a resource entity� as well as a lower index A
� belonging to an application entity
� The structure of this mapping is explained
below�

For a particular pair of classes �cR� cA
 � absc an attribute abstraction func�
tion is absa 
 AR � AA� mapping a collection of the cR attrtibutes into the
collection of the cA attributes� For the pair of classes an oid abstraction is
fi 
 IdcR � IdcA �

For a pair of attributes �aR� aA
 � absa we get 


� an abstraction of the value domain of an attribute type tR


f td 
 DtR � DtA�

� an abstraction of the operations related to the type tR


f to 
 OtR � OtA�

� an abstraction of the assertions related to an attribute aR


fap 
 PaR � PaA�

For the sake of simplicity we do not make here any distinction between
assertions having di�erent enforcement conditions treating all the assertions as
an invariants� In real situations it might be necessary to consider separate
assertion abstractions for each kind of an enforcement condition�

A behavioral abstraction of a class c is represented by 


� an operational abstraction of the class �an abstraction of functions � values
of functional attributes



fco 
 OaR � OaA �

� an abstraction of the class assertions 


fcp 
 PcR � PcA�

�



� Properties of an application abstraction of a

class

Here we postulate a conditions which should be satis�ed in order that a class
cA becomes an abstraction of a class cR�

The structural abstraction properties 


�� abs��a should be a total function�

�� for all nonfunctional value�typed attributes such that �aR� aA
 � absa�
type taR should be a specialization �subtype
 of a type taA �various spezial�
izations are explained in the appendix
�

�� for all nonfunctional class�typed attributes such that �aR� aA
 � absa class
caR should be a specialization �subclass
 of a class caA �

�� for all functional attributes such that �aR� aA
 � absa a signature sign�oaR 

should be a specialization of a signature sign�oaA
�

�� for all assertions such that �paR � paA
 � fap a signature sign�paR 
 should
be a specialization of a signature sign�paA 
�

�� for all assertions such that �pcR � pcA
 � fcp a signature sign�pcR 
 should
be a specialization of a signature sign�pcA
�

Value abstraction properties �should be satis�ed for every point in time



� fi function should be bijective�

In this case we emphasize an equivalence between the application and the
resource object instances� Another relationships of collections of object
instances may also be considered �e�g�� total function �injective
� partial
function �surjective
 leading to an inclusion or an overlapping of the class
extensions
�

� f td function should be bijective �the same comments as to the item above
are applicable here
�

� all operations �otR � otA
 � f to should conform to the following condition

f td � otR � otA � f

t
d�

Behavioral abstraction properties �should be satis�ed for every point in time



� �fco 

�� should be a total function�

� fcp should be bijective�

This one and the next condition are stated here for simplicity reason�
We assume here that application and resource assertions are equivalently

�



structured� It is possible to get rid of this restriction considering more
general abstractions of the conjunctive compositions of assertions related
to an attribute or to a class�

� fap should be bijective�

� for each pair of assertions �pcR � pcA
 � fcp or �paR � paA
 � fap an assertion
pR should be a concretization of pA �section �
�

� for each pair of operations �oaR � oaA
 � fco operation oaR should be a
concretization of oaA�section �
�

� Operation and assertion abstraction conditions

Semantic interpretation of an information resource is developed in frame of the
model�based speci�cations using pre�� postconditions or predicate transformers�
One of the basic ideas of such models consists in conceptual separation of the
speci�cation of data from the speci�cation of a program� For a class it is possible
to de�ne the mathematical model of its data and of its operations� Speci�cation
of data makes possible to de�ne static aspects of a class notion� including states
of the class and invariants keeped by a class on a transfer from one state to
another� The invariants are de�ned formally by means of the �rst�order logic
and set theory�

Speci�cation of the dynamic aspects includes possible operations leading to
the changes of states� The speci�cation of an operation is a strict description
of properties which should be satis�ed as a result of modi�cation of the class
attributes during the operations�

The condition that a possible state should exist after operation related to
the state before it is called the pre�condition of the operation� A state variable
decorated with a dash denotes the state after the operation� The pre�condition
of the operation Op is given by the expression ���


preOp � �s�c � spc�Op


where spc�Op
 is a predicative speci�cation written in the way of Z as one
predicate� combining both pre� and postcondition� sc is the state of the class c
����

To show that each operation oaR is a concretization of an operation oaA �
�oaR � oaA
 � fco 
 when a resource class state and an application class state are
related by an Abs mapping �Abs mapping is given by fi and a collection of f td
abstractions
 two following conditions �similar to those formulated in ���
 should
be proved� �Notice that an abstraction of the operations is an inverse of their
concretization
�

The �rst condition should state that resource operation should terminate
whenever an application operation is guaranteed to terminate


�



�scR � scA � preOaA �Abs� preOaR

The second condition ensures that the state after the resource operation
represents one of those abstract states in which an application operation could
terminate 


�scA � scR � s
�

cR
� preOaA �Abs � spc�OaR
� �s�cA �Abs � spc�OaA


For a resource assertion to be a concretization of an application assertion
the following condition should be proved


�scA � scR � spc�pcA
 �Abs� spc�pcR 


� Class abstraction example

We use here an idea of the example presented in ���� Several application class
descriptions �instrum A� and instrum A� 
 and a resource class instrum R are
considered� These classes have the same trade price attribute with di�erent
semantics described in terms of trade price status and currency�

Simpli�ed class descriptions are given in the SYNTHESIS language� It is
su�cient to comment here that in SYNTHESIS every description is represented
as a frame with a specialized slots� In the example class speci�cations are
presented by frames�

For semantic description the speci�cations are enriched by metaclass price sem
introducing an attribute category with the same name characterized by at�
tributes trade price status and currency� Additionally in all classes the at�
tributes trade price by in attribute �in metaslot
 are prescribed to belong to
the attribute category introduced� The semantics of the attribute is enriched
by an assertion related to that category� In the assertions the attributes of class
and metaclass are used�

In this simple example for a resource to be an abstraction of an application
it is su�cient to prove that an assertion related to trade price in application
class implies an assertion related to trade price in resource class�

Corresponding theorems are presented below�

Metaclass

fprice sem�
in 
 metaclass�
trade price status 
 string�
currency 
 string
g�

�



Application class descriptions�

class ��

finstrum A��
in
 class�
instrum type 
 string�
instrum name 
 string�
exchange 
 string�
trade price 
 real
metaslot
in 
 price sem� fA� price assertion

finstrum type � �Equity� � exchange � �Madrid� �
trade price status � �latest nominal price� �
currency � �pesetas�gg
end�
g�

class ��

finstrum A��
in
 class�
instrum type
string�
instrum name
string�
exchange
string�
trade price
 real
metaslot
in
 price sem� fA� price assertion

fexchange � �Madrid� �
trade price status � �latest nominal price� �
currency � �pesetas� gg
end�
g�

Resource class description �

finstrum R�
in
 class�
instrum type
string�
instrum name
string�
exchange
 string�
trade price
 real

�



metaslot
in
 price sem� fR price assertion

f �instrum type��Equity�� exchange � �Madrid��
trade price status � �latest nominal price� �
currency � �pesetas�
 	
�instrum type � �Equity� � 
 exchange � �Madrid� �
trade price status � �latest price� �
currency � exchange�currency
 	
�
 �instrum type � �Equity�
�
trade price status � �latest price� �
currency � exchange�currency

gg
end�
g�

Conditions of the resource assertion abstraction are formulated as the fol�
lowing theorems 


For an application class �


instrum A��trade price�in�A� price assertion
�
instrum R�trade price�in�R price assertion

is proved to be true�

For an application class �


instrum A��trade price�in�A� price assertion
�
instrum R�trade price�in�R price assertion

is false�

� Conclusion

We introduced the notion of an application abstraction of an information re�
source modelled by a class� This notion is considered to be a basic issue for
the study of the semantic interoperability of the heterogeneous information re�
sources� A separately keeped application model is introduced as a primary se�
mantic reference point� We showed how to construct �to prove
 an application
abstraction of an information resource preserving extensional and intensional
properties of an application�

	



Following model�based speci�cation methodology we use the notion of the
class operation and assertion concretization �abstraction
 which create the ground
for the analysis of the resource behavioral semantic discrepancy and reconcilia�
tion�

The proposed approach is planned to use in the SYNTHESIS project for the
resource semantic analysis and semantic enrichment� semantic con�icts and dif�
ferences resolving� applicaton�resource schema transformation and integration
as well as for the consistent conceptual design�

This approach may lead also to the development of well de�ned terminology
agreed inside of the community conducting a research in the area of heteroge�
neous multidatabase interoperability� In particular� the notions of concretiza�
tion� subsumption� specialization� equivalence of application�resource entities
�and the like
 may be strictly de�ned�
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Appendix

De�nition of structural specialization relationships

�� Type specialization
A type t� is a specialization of a type t� �written t� � t�
 i� one of the

following conditions holds


� t�� t� are basic types and t� � t��

� t�� t� are classes and t� is a subclass of t� �class specialization is de�ned
below
�

��



� t� has the form �A� 
 t��� ���� Ak 
 t�k� ���� Ak�p 
 tk�p�� t� has the form
�A� 
 t��� ���� Ak 
 t�k� and t�i � t�i for � � i � k�

� t� has the form of set type f t�� g� t� has the form f t�� g and t�� � t���

�� Class specialization
A class c is a structural specialization of class c� if to each attribute ai of c an

attribute aj of c� corresponds such that a type of ai is a specialization of a type
of aj or a signature of ai �in case of a functional attribute
 is a specialization of
a signature of aj�

�� Function signature specialization
A function signature is an expression of the form
 z � t� � t� � ���� tn �

t� where t�� t�� ���� tn� t are types or classes� A function m �� n� z �� where
n is a function name� z � is a signature� A signature model is a set of all
partial functions of the form
 M �t�
 � ����M �tn
 � M �t
 where M �tk
 is an
interpretation of a type tk�

If f and g are two signatures� f is a specialization of g �or f � g
 i� the model
of f is included into the model of g �

�� Assertion signature specialization
An assertion signature is an expression of the form
 z � t� � t� � ���� tn �

Boolean� where t�� t�� ���� tn are types or classes� A predicate p �� n� z �� where
n is a predicate name� z � is a signature� A signature model is a set of all partial
functions of the form
 M �t�
 � ����M �tn
 � ftrue� falseg where M �tk
 is an
interpretation of a type tk�

If f and g are two assertion signatures� f is a specialization of g �or f � g

i� the model of f is included into the model of g �
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