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Abstract ing capabilities, but which are nevertheless too small to hold

all the data that a user might need. In this kind of comput-

The concept of object-oriented (OO) views has been aing environment we can assume that the big volume data

popular approach to data integration. Nevertheless, there will still reside in dedicated data processing servers. Be-

have been few reported results on optimization of queriesyond this, some data will reside in the users’ workstations

over integrated OO views. In our work, we have devel- either because it is mainly of local interest, or because the
oped an OO view system for data integration based on theuser wishes to have local control of the access.

AMOS database mediator system. The paper describes a A userin such an environment should be provided with a
system architecture and implementation that takes advan-jgcation transparent and semantically coherent view of the
tage of query optimization techniques to improve the per- gata in the different repositories. Theapper-mediatoap-
formance of queries to integrated OO views. The main fea'proach, described in [19], divides a system with this kind
tures of the system are: 1) A passive mediation frameworkof functionality into two subsystems. The wrapper system
that preserves the autonomy of the data sources. 2) A seleCtransiates the data expressed in the local data models of the
tive materialization mechanism that minimizes the number gata sources into a common data model (CDM). The task
of materialized view objects. 3) A predicate based mecha-of the mediator is to provide a semantically coherent CDM
nism to guarantee the validity of the materialized view ob- representation of the data in the repositories that each may

jects as well as the completeness of queries to the view. Incontain different (meta)data describing the same real world
order to reduce the overhead of the passive view integra- entities.

tion, we use inexpensive calculus based transformations to 1. .asearch in the field of mediator systems has identi-
generate minimal query expressions before the query de-

i dth t-based aloebrai timization tak fied two basic approaches. One uses eager materialization
Fc)?arggo& lon and the cost-based algebraic optimizalion take ¢ o queried data, trying to reduce the response time by

performing most of the costly operations before the query
is issued [8]. The other approach, which we name passive,
fetches the required data when it is requested. Which ap-
1. Introduction proach yields better results depends on factors such as avail-
able resources, the size of the data and the query and update

An important factor of the strength of a modern enter- frequencies [8].

prise is its capability to effectively store and process infor-  In this paper, we present an approach to database media-
mation. As a legacy of the mainframe computing trend in tion based on passive evaluation techniques. We use object-
the previous decades, large enterprises often have severariented (OO) views to provide the user with a unified ap-
isolated data repositories used only within portions of the pearance of data in different repositories. The queries over
organization. The development of the network technology the views are transformed to queries over the data in the
bridged the gap between these systems, but the access of thepositories. When the passive approach is used, the medi-
data in their diverse native formats is a burden to the user.ator system has to provide for complete and consistent an-
Another trend is that terminals as access points are replacegdwers to the queries over the OO views at the time when the
by more powerful workstations having substantial process-queries are issued. An advantages of the approach described



in this paper is that it provides an efficient view support AMOS server provides services to applications and to other
mechanism by describing the system tasks using predicate&AMOS servers.
inserted in the calculus representation of the queries over The data model used in AMOS, which is also used as a
the integrated views. This allows for query optimization of CDM for mediation, is an OO extension of the DAPLEX
the view support tasks together with the user-specified part[17] functional data model. It has three basic constructs:
of the query. Another advantage is that the view mainte- objects typesandfunctions Objects model entities in the
nance operations, as well as the user-specified operationgjomain of interest. An object can be classified into one
are specified and performed over a set of objects/tuples asr more types which makes the object iastanceof that
opposed to individual instances. type(s). The set of all instances of a type is calledeke

The focus of the paper is a query transformation tech- tent of the type. Object properties and their relationships
nique which, for a certain class of queries, allows for a re- are modeled by functions.
duction of the number of predicates by applying calculus-  The types in AMOS are divided into literal types (e.g
based optimization. The calculus-based optimization re-real andcharstring and surrogate types. The literal types
moves redundant computations that often result from merg-have fixed, possibly infinite extents and self identifying in-
ing system-specified and user-specified predicates in thestances. Each instance of a surrogate type is identified by a
query. This reduces the query complexity and, because itunique, system-generated object identifier (OID). The types
is performed by simple rewrite rules, it imposes minimal are organized in a multiple inheritance, supertype/subtype
increase in the query processing time. The cost based optihierarchy where an instance of a type is also an instance
mization executed later in the query processing is concernecf all the supertypes of that type; conversely, the extent of
with the order of the execution rather than the removal the g type is a subset of the extent of a supertype of that type
redundant computations. (extent-subset semantics).

The work presented in this paper should be contrasted The functions are divided by their implementations into
with the traditional approach where the view support tasks three groups. The extension oktoredfunction is physi-
are performed by code within the system. In this approach, cally stored in the databas®erivedfunctions are imple-
used for example in [15] and [6], most of the view support mented in the AMOS’ query language AMOSQforeign
tasks are performed on an individual instance level, and thefynctions are implemented in other programming language
optimizations described in this paper are therefore not ap-as, for example, Lisp or C++.
plicable. . . _ . The AMOSQL query language is based on the OSQL

The paper is organized as follows. In section 2 we intro- [14] language with extensions of multi-way foreign func-
duce the AMOS database mediator system that serves as fions, active rules, late binding, overloading, etc. The fol-

platform for the work presented later in the paper. Section |gying example illustrates the AMOSQL syntax. Assum-
3 introduces our OO views architecture for database medi-jng that three stored functioparent nameand hobbyare

ation. Section 4 describes the query transformation tech-gefined, it retrieves the names of the parents of the persons
niques for the queries over the OO views and the use of\,ho have 'sailing’ as a hobby:

rewrite rules to reduce the number of query predicates. Ap-
proaches related to our work are outlined in section 5. A
summary and future directions of our research are given in
section 6.

select p, name(parent(p))
from person p
where hobby(p) = ’sailing’;

2 Overview of the AMOS system Figure 1, presents an overview of the query processing
in AMOS. The first five steps, also callepiery compila-

As a platform for our research we use the AMOS medi- tion steps, translate a query expressed in AMOSQL to an
ator database system [4] developed from a workstation ver-object algebra plan that can be stored and interpreted many
sion of the Iris system, WS-Iris [14]. The core of AMOS times without repeating the compilation. To illustrate the
is an open, light-weight, and extensible database manageguery compilation we use the query from the previous ex-
ment system (DBMS). The aim of the AMOS architecture ample. From the parsed query tree, the calculus generator
is to provide for efficient integration of data stored in differ- generates a calculus expression with flattened and type re-
ent repositories by both active and passive techniques. Tosolved predicates. Flattened predicates have a variable or
achieve better performance, and because most of the dataonstant as a left-hand side (or a tuple of variables or con-
reside in the data repositories, AMOS is designed as a mainstants when the function returns a tuple as a result), and an
memory DBMS. Nevertheless, it contains all the traditional unnested function call, variable or constant as a right-hand
database facilities, such as a recovery manager, a transaide. The head of the calculus query expression contains the
tion manager, active rules, and a OO query language. Anresultvariables. A calculus expression can also have a name
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Query decomp. & algebraic optimization

"""""" d Because the example query is over local types, it passes
igse & object cgjcu us trgggmp"s'“‘)“ flecomposit 'Or‘a)fagﬁa fesull naffected through the query decomposition stage and is
| processed only by the cost-based single-site algebra opti-

Calculus i Caloulug ' | %eeceom Cost | Igebra | [Algebra i mizer. If some part of the query should be executed at an-
Generator {Optim. Generat Est|matr Generator other AMOS server, the system uses primitives that allow
| | for sending and evaluating calculus expressions between the
External § Cg]sglengg | servers. These features of the system are not described in
requests Ovtimizer this paper and will be a topic of a forthcoming paper.

T While object calculus query representation is unordered
and contains function references that do not have specified
binding patterns (i. e. which function parameters are in-
put and which are output [14]), the algebra plan is ordered
and input parameters, in which case it represents a derivecind contains type and binding pattern resolved function ref-
function. erences. The calculus optimization process takes advan-
AMOS supports overriding and overloading of functions tage of the declarative unordered format and the unspeci-
on the types of the arguments and the results. Each funcfied binding patterns of the object calculus for detection of
tion name refers to genericfunction which can have more  optimization possibilities with goal to reduce the number of
than one associategpe resolvedunctions. Each generic  query predicates. This optimization is rule driven and much
function call in a query is substituted by a type resolved simpler than the transformations done during the cost-based
one during the calculus generation process. Late bindingquery decomposition and algebraic optimization.
is used for the calls which, due to polymorphism, cannot  An interested reader is referred to [10] for more detailed
be resolved during query compilation. AMOS'’ late binding description of the AMOS system and to [14], [5] and [7] for
mechanism is described in [7]; in the examples throughoutmore comprehensive descriptions of the query processing in
the paper we assume that all function calls are resolved durAMOS.
ing the compilation of the queries. Accordingly, the result

of the calculus generation phase for the example query is3, Object-Oriented View System Design
given by the calculus expression below:

Figure 1. Query processing in AMOS

This section presents the design principles behind the
OO view mechanism for data integration in AMOS. Views
as a tool for data abstraction and restructuring, have
been extensively studied in the context of the relational
databases. The design of a view mechanism in an OO en-
vironment has to account for its increased complexity com-
pared to the relational. This particularly refers to the in-

types of their arguments and results. The first predicate mherltance and the object identity concepts. Inheritance and

the expression is inserted by the system to assert the typé’ Iews h?ve jo/me commor:jailhms Ece -9- glata;\;\bstracﬁon and
of the variablep. It defines the variable with the extent reuse of code/queries) and therefore, the two mechanisms

functionof type Person that returns all the instances of this must be. combmed na semanncally clear manner. Two im-
type. portant issues in the OO view system design, related to the

Next, the calculus optimizer applies rewrite rules to re- objectidentity, are the format of the view objects’ identifiers

duce the number of predicates. In the example, it producesanig:je_tqeﬁTi.tion of Vi?‘” obrj]ects’_life span(.j fined dat
the expression below by removing the type check predicate. itional ISSues arise when views are defined over dala

The typecheck can be removed becguiseused in a stored :§3|d|dng L)n multtl)ple autonortr?ous repc;sltorles. Ff|rtsht asmen-
function (e. g.name) with an argument or result of type loned above, because active maintenance ot the VIews 1S

person. The referential integrity system of the stored func- not always possible, non-active mechanisms for view main-

tions constrain the instances stored in the stored function totenance must be provided. Furthermore, the same real
be of the correct type [14]. world concepts can have different representations in differ-

ent repositories. To provide the user with a semantically

{p,nm |

p= Pe'rsonnil%person () A

d= pa’l“entperson%person (p) A

nm = Nameperson—charstring (d) A
’sailing’ = hObbyperson—mhm’string (p)}

Notice that type resolved functions are annoted with the

{p,nm | consistent view of the data, the system needs to provide
d = parentperson—person (D) N constructs for overcoming such differences in the view def-
NI = NAMEperson—charstring (d) A inition. Finally, there is also the issue of the representation

'sailing’ = hobbyperson—scharstring (D)} of OIDs in the inter-database communication.
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The figure also points at some design choices we com-
mitted to in the development of the system. First, to be able
to do data integration by subtyping, a DT needs to inherit
from more than one type, i.e. multiple inheritance. Sec-
ond, it can be noticed in the example that stored functions
(e.g.sportbonusin SportyEmp) can be defined over DTs,
which makes the DTs aapacity-augmentediew mecha-
nisms [15]. One of our design goals was to allow the DTs
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{Junior’ to be used in function definitions in the same manner as the
ordinary types. This means that any function can have DTs
Figure 2. Integration by subtyping as argument or result domains.

3.2 Derived Types and Object Identifiers
3.1 Derived Types

There are three basic choices when it comes to the format

we extended the type system with a construct naeed ~ from the corresponding objects in the supertypes [16]. This
rived type(DT). Data integration by DTs is performed by s not suitable for our DT instances because it is not com-
building a hierarchy of DTs based on local and imported Patible with multiple inheritance. The second alternative is
data types (i.e. from other AMOS systems). DTs are de- t0 Use a stored query expression instead of an identifier and
fined by supertyping and subtyping from other types in construct the required DT instances by evaluating this ex-
the type hierarchy. The traditional inheritance mechanism, Pression [11]. With that approach, it would be difficult to
where the corresponding instances of an object in the su-nave functions whose argument domain is a DT since it is
per/subtypes are identified by the same OID, is extendednOt convenient to manipulate expressions as database ob-
with declarative specification of the correspondence be-J€cts. The third alternative is to generate new unique OIDs
tween the instances of the derived super/subtypes. Integrafor the materialized DT objects [15]. With this method,
tion by sub/supertyping is related to the mechanisms usedh€ same conceptual object (i.e. representing the same real
in some other systems as, for example, the integrated view#Vorld entity) is represented by instances having different

and column adding in the Pegasus system [3], but is betterO!Ds in different types. Therefore, to be able to evaluate
suited for use in an OO environment. inherited functions over materialized DT instances, their

OIDs need to be mapped to the OIDs of the correspond-

Figure 2 shows an example of integration by subtyping. ; ; |
In the example, the data stored in an employee databasé9 instances of the type over which the function was de-

i 1
is integrated with the data from a database storing sport-fin€d; @ process namediD coercion”. The cost of the
ing information. The solid ovals represent ordinary types OID coercion is the main weakness of the approach to have

while the dashed ovals are DTs. Stored functions definedUnidue OIDs for DT instances. Nevertheless, we chose this

over the types in the figure are shown beside the type ovals@PProach for the following two reasons: First, the major

The typesUser Defined and Derived are system-defined cost of a query is in the predicates that ship data between
and part of AMOS’ meta-model. They are defined in both database mediators and not in the coercion. In AMOS, the
databases. but are not shownﬂﬁort_Database for sim- hash tables used in the coercion are stored in main-memory

plicity. There is a typéersonin both databases, each stor- Which makes the coercion a relatively inexpensive opera-
ing information about a set of persons. The definition of the ion- Second, expressing the coercion by predicates permits

derived portion of the type hierarchy in the example is done ©Ptimization of the calculus representation of the query,
as follows. First, the DTEmpis created to represent the which further reduces the coercion cost, as described in the
persons who have a pay record. The Bi@inageris created ~ N€Xtsection. o _

as a subtype of the DEmpto represent the employees for Although matenahzatlon of OI.Ds for the I?T instances
which the inherited attribute (stored functigmsitioncon- allows for using the DTs as domains for function arguments
tains the string 'Manager'. The type importation is done by and results, not all queries require materialization and it will
subtyping from types in other database mediators, as illus-P€ @ S€vere performance impairment to materialize the ex-
trated by the DTSportyEmp This DT is defined as sub- tents of all the DTs in each query. To minimize the material-
type of the local DTEmyp and the typePerson in the sport |zat|on_cost, the query processor ana]yses the query to find
database. Its instances represent persons for which there iUt Which query variables represent instances that need to

_an instance in thEmp type in the employee database, and LIn the text we use interchangeably the terms “OID coercion” and “in-
in the Person type in the sport database. stance coercion”
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be materialized. Materialization predicates are added only

for query variables that are part of the query result or used < ted >
as an argument of a foreign function. In many other cases
query transformations are used to transform the query so
that no materialization is needed, as shown in the next sec-
tion. The performance of these queries is thus not degraded
by the materialization mechanism. In the queries that do
require materialization it is performed selectively only over
the DT instances which also satisfy the rest of the query
predicates, thus materializing only parts of the DT extents,

in order to avoid unnecessary performance and storage over- . . .
head. Figure 3. Integration by supertyping
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Materialized DT instances can also be used in queries is-

sued at a time after their materialization. At this time, the hierarchy is constructed by subtyping. The AMOS medi-
system has to assert that they still comply with the declar- 4ijon framework also allows definition of DTs as explicit
ative conditions stated in the DT definition, or, in other supertypes of other DTs. Although processing of queries
words, that they are stiltalid. Assuming non-active basic  gyer this kind of DTs in not discussed in this paper, to com-
capability of the data sources, we have to provide a mechaypjete the discussion on the mediation framework, Figure 3
nism to chggkthe validity qf these mst'ances in such queries.presents an example of integration by supertyping. This ex-
The validity of a materialized DT instance depends on ample shows a definition of an integrated view of two per-
the existence and validity of the corresponding instances ofsgn database®B1 andDB2. The data in both databases
the supertypes identified when the instance was materialis structured in two user-defined types: a type naimed
ized. When aDT instance iS Validated, the Validation con- sonwhich contains data about a set of personS' and its sub-
dition is executed only over these instances. This definition type Studentepresenting the persons that are students. The
of the Valldlty of a DT instance based on a combination of examp|e establishes tlderived Supertypes IPersamd|S-
the OIDs of the supertype instances and a validation con-ydin DB1 to provide an integrated view of the data in the
dition, is consistent with the OO structure of the database,qatabases. These types are supertypes of the lygeand
and is efficient to implement. o ~locSwhich represent the instances from the typesson
The instance is present in the database until it is used inandStudentn DB1which participate in the integration. The
a query where it fails the validation test. A garbage col- typesimP andimSrepresent data imported inBB1 from
lection of the DT instances can be implemented using thethe typesPersonand Studentn DB2. Derived supertypes
active capabilities of the AMOS system to periodically run can be subtyped as other DTs. In this example the dype

the validation test. nior is created to represent a specialization of the t@ed
containing all junior students. The same schema was used
3.3 Derived Types and Inheritance in both databases in order to simplify the example. The pre-

sented mediation framework can handle arbitrary schema
An important issue in designing an OO view system is heterogeneity by de_fining mappings using derived sub- and
the placement of the DTs in the type hierarchy. The obvious SUPertypes and derived functions.

approach would be to place the DTs in the same hierarchy . .
as the ordinary types. However, mixing freely the DTs and 3.4 Derived Subtyping Language Con-

ordinary types in a type hierarchy can lead to semantically structs
inconsistent hierarchies [12]. In order to provide the user _ _ _
with powerful modeling capabilities along with a semanti-  In order to be able to define derived subtypes with prop-

cally consistent inheritance hierarchy, the ordinary and de-erties as described above, we have extended the AMOSQL
rived types in AMOS are placed in a single type hierarchy type declaration construct as:

where it is not allowed to have an ordinary type as a subtype

of a DT. This rule preserves the extent-subset semantics folCREATE TYPE type_name

all types in a hierarchy. If DTs were allowed to be super- SUBTYPE OF sutl, sut2, ..

. . L COMPOSE compose_expression
types of ordinary types, due to the declarative specification VALIDATE validate_expression

of the DTs, it is not possible to guarantee that for each in- HIDE fnl. fn2. ..
stance of the ordinary type there will be a corresponding PROPERTIES
instance in its supertypes [12]. function definitions;

In the example in Figure 2 the derived part of the type END_TYPEDEF;



The subtype oflause establishes the new created type on translation of queries to a correct and optimized object-
as a subtype of other types in the hierarchy. Toen- calculus representation. The query decomposition and alge-
poseexpressionand validate expressionare boolean ex-  bra optimization phases are not topics of this paper. Also,
pressions which conjuncted give the condition that a com-we will focus on processing of the queries over DTs defined
bination of supertype instances need to satisfy to composedy subtyping. In our current work, we are developing simi-

a new DT object. The condition ibpomposeexpressioris lar techniques for queries over the derived supertypes.
evaluated only when a new instance of a DT is materialized In the implementation presented in this section, as much
and assigned a new OID. By contrast, the condition speci-as possible of the system support tasks are expressed by
fied with thevalidate.expressiotis also evaluated each time  predicates incorporated in the calculus representation of the
a materialized instances is used in a query to the material-query. Many of these task traverse the type hierarchy and
ized object. The separation of the composition and valida- have common subtasks. The predicate representation allows
tion expressions was motivated by the observation that datahis common subtasks to be identified and eliminated from
integration is often performed based on some functions thatthe query. Beside this, overlaps between the user-defined
do not change over the lifetime of the instance (i.e. that and system-inserted predicates can be exploited to further
are functionally dependent on the OIDs of the integrated reduce the number of predicates. Of particular interest in a
instances). In these cases, it is not necessary to evaluateiew mechanism for mediation is to reduce the operations
the full condition every time a DT instance is validated, but which cross the database boundary in communication with
instead only thevalidate expressions evaluated over the other databases.

corresponding instances of the supertypes. The following Each DT in AMOS is implemented by an ordinary type
example illustrates the intended use of these two clauses bys\amedmplementation typeThe system automatically gen-
defining three DTs from Figure 2: eratescoercion function®ver the implementation types to
store the mappings between the materialized instances of
each DT and its supertypes. All coercion functions are rep-
resented by the generic functianerce overloaded on its

create type Emp
subtype of Person P, PayRecord PR
compose ssn(P) = ssn(PR)

validate status(P) = ‘working’; argument and result. Coercion between instances of a DT
and its indirect supertypes is done by composition of coer-
create type Sporty_Emp cion functions. The coercion functions are not accessible
subtype of Person@SPORT_DB p, Emp e by the user. They are manipulated by the system and used
compose ssn(e) = adjust_ssn(socsecn(p)); in other system-defined functions that are generated from
_ the derived type definition. For each DT the system also
create type Junior generates three other system support functionsexaent

subtype of Sporty_ Emp se

; function avalidation function and amaterialization func-
validate age(se) > 26;

tion. The calculus generator analyses the query and, if the

There is one instance of tygempfor each person for ~ query is specified over DTs, inserts the functions and pred-
whom there is a pay record and the status is 'working'. icates needed to provide the required semantics. Later in
Since the social security number does not change duringthis section, we will present how these transformations are
the existence of #ersoninstance, the conditions involv- performed for different classes of queries over DTs whose
ing the functionssnandsocsecrare placed in theompose  definitions contain aubtype oftlause. First, an overview
clause in the definition oEmpand SportyEmp On the  Of the implementation of the subtyping from types in other
other hand, the status and the age of a person can chang@MOS mediators is presented.
and therefore the conditions over these functions are placed
in thevalidate clauses. 4.1 Subtyping from Other Mediators

The clause$ide andproperties which for brevity were

not used in the examples, serve to list the functions of the 11,4 subtypes that inherit from other AMOS systems
supertypes not to be inherited by the newly defined DT, and y,ake the basis for the mediation process. In Figure 2, an
to define new stored function, respectively. example was presented in which the tyBportyEmp in
the Employealatabase inherits from the tyersonin the
4. Querying the Derived Types Sportdatabase. The type hierarchy shown in Figure 2 is
the user’s view of the definition of the DTs in the exam-
The previous section presented the architecture of theple. In the implementation, for each distinct imported type
view system for database mediation in AMOS. This section (distinguished by the type name and the database name) a
describes how the system evaluates queries over a type hieproxy type is created. All proxy types are subtypes of the
archy extended with DTs. The presentation will concentrate typeProxyin the type hierarchy. Figure 4 illustrates this for



the definition of the DTSportyEmptype in the example in  be transmitted alone. Therefore each OID contains all the

Figure 2. The typé&_Personis a proxy for the typé>erson information needed to identify its origin. In a bulk data pro-
from the sport database. cessing environment, as the one described in this work, the
OIDs are passed in larger collections having few different
EMPLOYEE_DB types and a common origin. Consequently, it is advanta-

mission protocol. When a mediator receives OIDs from an-
CPpeson) () other mediator it stores them in their native format, while
5 the meta-information is captured in the mediator’'s schema
N and the functions generated from the DT definitions. As the
other proxies result of this kind of architecture, imported OIDs are stored
in a mediator, but they cannot be interpreted there. The user
does not have access to the imported OIDs, but only to the
7 proxy (type) instances. The system uses the imported OIDs
g only in operations executed in the mediator where they orig-
inate from. The major benefits from this approach are a sim-

@ geous to condense the meta-information about the structure
x (types) and the origin of the transmitted OIDs with a trans-

. 3 épony_Emb—%RT_BONus

other derived types which

inherit from person@sport_db ple OID generation method, lower communication cost and
lower storage overhead due to a smaller literal representa-
Figure 4. Placing the proxy types in the type tion of the OIDs.
hierarchy

4.2 DT Extent Function and Template

After defining the proxy type, the system retrieves the  The extent function of each DT is a system-generated

functions over the imported type from the exporting media- derived function. The general form of the extent function
tor. For each function whose argument and result domainss:

are system-defined types or types already represented by
proxy types, the system definepmxy function The pur- ~ CREATE FUNCTION dt_name() -> dt_name AS
pose of the proxy function is to provide information for lo- SELECT MAT(s1, s2, ... sn)
. . . . ) . FROM sutl s1 , sut2 s2, ... ,sutn sn

cal type check_lng of the queries calling functions defined in WHERE compose_expression AND
the other mediators. validate_expression

Although the proxy functions and the proxy type ex-
tent functions are treated the same as the ordinary functiongvhere dt.name is the name of the DTsutl ... sutn
throughout the calculus oriented query processing steps deare the supertypes from thsupertype ofclause, and
scribed in this paper, they are not actually executed as theM AT<sut1,sut2,...sutn>—dt_name 1S the materialization
ordinary functions. The decomposition algorithm assem- function for the DTdt name Composeexpressiorandval-
bles them in groups and schedules them to be executed irdate.expressiorare copied from the DT definition. The
other AMOS mediators function returns materialized instances of the newly created

Over each proxy type, a system-defined stored functionDT. As noted earlier the system tries to reduce the mate-
is generated that maps instances of the proxy type (i. e.rialization of the DT instances whenever possible. There-
proxy objects) to instances of tyfereign.oid. This system  fore, when processing the queries where no materialization
type is used to represent the OIDs received from the otheris needed, instead of a complete extent functionextent
AMOS mediators when portions of query plans are evalu- template(ET) is used. For each DT, the system generates
ated there. Among the mediators, OIDs are transmitted and@n ET from the calculus representation of the extent func-
stored in their native format. The OIDs generated by an tion. It has a signature and a body. The signature contains
AMOS mediator are unique within the mediator itself. The & name, a list oubstitute variable¢SVs) and list of types
system makes no effort to generate “universal OIDS” unique associated with the SVs. The SVs are the variables used
in all mediators present in the integration environment, like, @s arguments of the materialization predicate in the extent
for example, in the CORBA architecture [9]. In a CORBA function (s1...sn in the general form of the extent func-

environment, OIDs represent services and are designed tdion above). There is one SV for each supertype of the DT.
‘ The body is a predicate template consisting of the extent
2In one pilot implementation, these functions were implemented to per-

form RPC-like shipping of the operands and function execution in other function bOdy with the materialization predlcate removed.

databases; in this case the calculus representation was directly translated 1he€ following e_xample Sh_OWS_ the ETs for the DTs
to correct, but very inefficient execution plan. SportyEmpandiuniorandEmpin Figure 2:




signature: DT into a query over its supertypes, avoiding materializa-

Textent_sporty_emp<p_Person,emp> : -PT,-€ tion and run-time coercion.
body: The ET expansion process will be illustrated using an
_pr = Textent_p_person foreign_0iD> N example query over the schema in Figure 2. The correct-
-e = Textent_emp<person,payrec> N ness and the termination of the the procedure can be proved
SSSN = SOCSECp_person—scharstring (-PT) A based on the directed and acyclic properties of the inheri-
eSSN = SSNperson—integer (-€) A tance hierarchy. Due to space limitations, this proof is not
essn = adjust_SSNcharstring—integer (SS5M) presented in this paper. In the following example, the query
is first translated to an initial incomplete calculus expression
signature: given following the query:
Textent_juniorsporty_emp : -5€
body: select age(j), salary(j)
_se = Textent_sporty_emp<yp person,emp> N from Junior j
al = ageperson—integer (-5€) A where hobby(j)="golf’;
26 > al
{ sal,a |
signature: J = Tewxtent_juniorsporty_Emp N
Textent_emp<person,payrec> : <5 -PT sal = salarypayrec—sinteger (J) A
bOdy: G = Ag€person—integer (.]) A
assn = ssnpayrec%mteger(_pr) A ’gOlf, = hObbyP_Person—)charstring (.])}

assn = Ssnpersonﬁinteger(—p) A

'working' = status h ing (=D . N
J person—scharstring (-P) The ET declaration of the variabjds not removed because

j is not used as argument or result of tyjeior in any

By convention, ET names begin with tH&xtent prefix. of the query functions. Next, the ET is expanded and all
The SV types are in the subscript of the template name,occurrences of in the query body are substituted by the
while the SVs are listed after the colon. An expression with template variablese3. The expression produced by this
avariable as a left-hand side and an ET as a right-hand sideexpansion (the first below) contains an ET declaration with
is namedET declaration An ET declaration is inserted in  the ETTextent_sporty_emp. Analogous to the case with
the query for each variable declared with a DT. It assertsthej variable, this ET is also expanded yielding the second
a type of a DT variable, analogous to the extent function expression below:
of an ordinary type. When a DT is defined by subtyping
from other DTs, its ET body can contain nested ET declara- { sal,a |
tions, as is the case with the ETgxtent_sporty_emp and -se = T'extent_sporty-emp<p_person,emp> N
Tea:tent_junior in the example above. al = ageperson—)integer(—se) A

An ET body contains predicates to assert that a combi-26 > al A
nation of instances of the supertypes compose an instanceal = salarypayrec—integer (-5€) A
of the DT. However, an ET cannot be evaluated as an extentt = ageperson—sinteger (-5€) A
function, and is used only during the calculus generation'gol f' = hobbyp_person—scharstring(-5€)}
phase. In this phase, the incomplete calculus expression
containing ET declarations is transformed to a complete cal-{ sal,a |
culus expression by a series of transformations performed-pz = P_Personpi—p_person() A
until there are no more ET declarations. In a such trans--e = T'extent_emp<person,payrec> N
formation, an ET declaration is removed from the query if €ssn = $8Nperson—sinteger (-€) A
the declared variable can be typechecked by being used as &ssn = s0csecp_person—s charstring (-PT) A
function argument of the same DT as the declared DT of theessn = adjust_ssncharstring—integer (5551) A
variable. Otherwise, aBT expansiolis performed. During  al = ageperson—sinteger (-€) A
an ET expansion, first the ET declaration is substituted by 26 > al A
the ET body. Then, each occurrence of the variable declaredsal = salarypayrec—sinteger (<€) A
by this ET declaration as a function argument is substituteda = ageperson—integer (-€) A
in the rest of the query by a SV in the ET signature having 'gol f' = hobbyp_person—charstring (-pZ)}
the same type or a supertype of the argument’s type. This
rule also applies when a variable is used to represent a result sne expansion mechanism actually generates unique names for the
of a function. An ET expansion transforms a query over a template and the local variables each time a function or an ET is expanded.




In the salary and age functions, the variablese is 4.3 Validation and Coercion of Material-
substituted by the S\e that corresponds to the type ized DT Instances
Emp through which these functions are inherited in
Sporty_Emp (the type ofse). On the other hand, in the The previous example illustrated a query transformation
hobby function, _se is substituted by the variablgx since  \yhere no function application needed materialized DT in-
this function is inherited through the_Person type. stances as arguments. The following example extends the
Finally, the ET declaration of the the variahleis ex- query from the previous example with such a function ap-

panded. After this expansion the query expression does nof“catt.'on’;ﬁ.ad?j'ng atr?ueéy_/rscondtngn OV(;: ttporgbc;pusd
contain ET declarations: unction defined in the portyEmp (the underline

predicate):
{sal,a |
px = P_Personpi—p_person() N *) select age(j), salary(j)
§58N = SocsecP_Person%charstring(—px) A *) from Junior j
essn = adjust_SsNcharstring—integer (S551) A where hobby(j)="golf’ and
€S8N = S8Nperson—integer (D) N 2 sportbonus(j)> 100;
al = ageperson—)integer(—p) A (1)
26 > al A {sal,a |
assn = Ssnpersonﬁinteger(—p) A 2) J = Textent_juniorsporty_BEmp N
assn = Ssnpayrec—)mteger(—pr) A b= Sport—bonusspm“ty—@mpﬁinteyET (.]) A b > 100A
'working' = statUSperson—charstring (—p) A 4 = ag€person—integer (]) A
sal = Salarypayrec%integer(—pr) A sal = Salarypayrec—)mteger (]) A
a= agepersml%intey@?“(—p) A (1) ’.90lf, = hObbyP_Personﬁcharstring (])}
'golf' = hObbyP_Personﬁcharstring(—px)} *)

The f . di It of the ET declarati As in the previous example, first a reference Tex-
e firstnine predicates are result of the eclaration €X"tentjunior is inserted and expanded. The resulting query

pans!onﬁ de§0(|b(a|d above. The last three predicates Origiz ntains an ET declaration of the variahle with the
hate in the original query. ET Textentsportyemp Also, the variablej is substi-

The calculus optimizer further reduces the example ex- Utéd by the variablese throughout the query. At this
pression by unifying pair-wise the predicates indicated by POINt, since the variablese is used as an argument of

the same number on the far right (the re-write rule is de- € functionsport_bonussporty_emp—integer, the ETTex-
scribed in [5]). In case (1) there is an overlap between the t€NtSPorty.empis not expanded, but instead removed. The

user-specified query predicates and the Iifiior valida- v.ar.iable_se ip this case iterates only over the already mate-
tion expression. In case (2) the overlap is between the defi-f1lized portion of the extent dfporty_Emp. .
nitions of the DTsSportyEmpandEmp The query calcu- To produce a correct expression, the query expression
lus expression after the calculus optimization contains six esulting from the previous transformation needs to be ex-
system-inserted predicates. The result of the query Opti_t_ended with predl_ca_tes to perform th_e coercion and valida-
mization is then processed by the query decomposition al-tion of the materializedSporty Emp instances. The re-
gorithm which, in this example, combines the three pred- duired result can be described as:

icates marked by (*) for execution in the sport database. { sal, a |

There, the local optimizer will furthermore remove the type- 0 = SpOrt_bonus sporty_emp—integer (-5€) A

check predicate (the first query predicate). The only data b > 100 A

transferred between the AMOS mediators will be the hob-  Validate se A 1)
bies and the social security numbers of the relevant persons. CO€rce-se to p of person A 2
This is clearly advantageous over a naive instance level pro- @ = @9€person—integer (p) A

cessing in which for each instance a request is issued to get @1 = ageperson—integer (P) A 25 < al

the values of requested data over the network coerce.se to pr of payrecA ®)
sal = Salarypayrec%integer (pT) A
The transformations of the extent templates shown above coerce_se to px of PPersonA (4)

reduce the need for run-time coercing. In the cases as inthe 'gol f' = hobbyp_person—charstring(PZ)}

example above where no function was evaluated over mate-The lines in bold font give abstract descriptions of the oper-
rialized DT instances, no coercion predicates are needed irations that the system needs to add to the query. The num-
the query. bers on the far right are added for reference purposes. The



predicates containing thel variable are inserted when the
ET of the typeJunior is expanded.

The validation function assures that the corresponding
instances of the supertypes are still present and valid in
the data sources, and that the validation condition evalu-
ated over this instances still holds. The general form of the
validation function is:

CREATE FUNCTION validate_DT(DT obj)
-> boolean AS
SELECT TRUE
FROM stl stl_obj, st2 st2_obj, ...
WHERE stl_obj = coerce(obj) AND
validate_st1(stl_obj) AND
st2_obj = coerce(obj) AND
validate_st2(st2_obj) AND ...
validate_predicate;

The function coerces the argument to each of the corre-

the query optimization is:
{ sal,a,b |
b= Sport—bonussporty_emp—)integer (—56) A
b> 100 A
€ = COerCesporty_emp—semp(-S€)A
D = COETCEemp—sperson (6) ARA
Iworkingl = Statusperson—)charstring (p) A
a = ageperson—)integer (p) A 25<ad
Pr = COETCeemp—spayrec(€) N
sal = Salarypayrec—)integer (p?") A
DT = COETCEsporty_emp— P_Person (—56) A
IQOIfI hObbyP_Person—)charstring (p.’L‘)}

The only predicate not executed locally is the typecheck
of the proxy objects of typB_Person This predicate makes
sure that objects for which proxy objects are created locally
are still present in the sport database.

sponding supertype instances, validates these instances, and

then evaluates the validation condition. For example, the
validation function for the DTEmpin Figure 2 is as fol-
lows:

CREATE FUNCTION validate_emp(emp obj)
-> boolean
SELECT TRUE
FROM Person person_obj
WHERE person_obj = coerce(obj) AND
status(person_obj) = 'working’;

The validation function of the proxy type instances per-
forms a typecheck of the associatg¢dreign_OID in-
stances in the database they originate from. Therefore, th
validate function contains a single proxy type typecheck
predicate.

At this point we turn the attention back to the example
from the beginning of this subsection. The system-inserted
tasks described in the example require the following 10
predicates:

e = Coercesporty_empﬁemp(—Se) A (1)
P = coerceempsperson(€) A

"working' = Statuspersonacharstring(p) A

piO = Coercesporty_emp%P_Person(—Se) A

pi0 = P_Pe’I“SO’ﬂm’l—>P_Person() A

el = coercesporty_emp—semp(-5€) A (2)
P = COeTceemp—sperson(€1) A

e2 = COET CE€sporty_emp—semp (_86) A (3)
DI = COETCeemp—spayrec(€2) A

PT = COETCesporty_emp— P_Person(-5€) (4)

4.4 Materialization

The preceding examples demonstrated calculus genera-
tion and optimization for cases when no materialization was
needed. This section briefly describes how the instances of
the DTs are materialized.

DT instances are materialized if they are part of the query
result or are used as an argument to a foreign function. Ma-
terialization of DT instances is performed by a materializa-
tion function, implemented as a foreign function. It takes as
arguments instances of the DT supertypes and returns a new
materialized DT instance. In the case when for the given

earguments there is already a materialized DT instance, it

is returned without creating a new one. The materializa-
tion functions are defined by the system as resolvents of the
generic functiorMAT.

When instances represented by a DT variable are to be
materialized, instead of extent templates for that variable,
the whole extent function is inserted and expanded. The
following example illustrates this process. The query in
the example below materializes an instance of theMzh-
ager. The expanded object calculus generated for this query
(shown following the query) contains two materialization
predicates.

selectm
from manager m
where name(m) ="John’

The numbers on the left match the predicate groups with the{ m |

corresponding task in the previous description of the query.
After inserting these predicates in the query the optimizer,
by variable unification and typecheck removal, reduces the
number of system inserted predicates from ten to six. In ad-
dition to this, the query optimizer removes one of the predi-
cates referencing thgye function. The resulting query after

§ = SSNperson—integer (p) A

S = SSNpayrec—integer (pT) A

"John' = Nameperson— charstring (p) A
’mng’ = pOSitionpayrc—)charstring (pr) A
€= MAT<person,payrec>—>emp(papT) A
m = MATemp—)manager (6) }



on OO views in the AMOS system. The passive approach
preserves the autonomy of the data sources and is suitable

5. Related Work for mediation in environments with r_10n-§1ctive, large vol-
ume data sources or data sources with high update frequen-
cies.

The OO views mechanism is integrated in the AMOS
inheritance mechanism by introducing derived types (DTs).
tive examples in these areas with the work described in thisarhe DT-S are placed in th? same type hierarchy along \-Nith

the ordinary types. The instances of the DTs are derived

papir. fivi ) id il from the instances of their super- or subtypes by declarative
The Multiview [15] OO view system provides multiple conditions specified in the DT definition. DT instances can

inheritance and a capacity-augmented view mechanism im,o aterialized (assigned OIDs), which allows the user to

plemented with a technique called Object Slicing [13] that have locally stored data associated with them.

uses OID coercing in an inheritance hierarchy. However, it . .
. : : Queries over DTs are expanded by system-inserted pred-
assumes active view maintenance and does not elaborate on

the consequences of using this technique for integration of'cateS that perform the DT system support tasks needed

data in dislocated repositories. Furthermore, it does not useto provide correct query results. ‘The DTs system support

predicate-based implementation as described in this work '3 divided in three mechanisms: (i) providing consistency

. : : of queries over DTs; (ii) materialization of DT instances;
%her related OO view systems are described in [16] andand (i) validation of the materialized DT instances. The

system generates templates and functions which perform
these tasks. During the calculus generation phase, the
query is analyzed, and where needed, the appropriate func-
tions/templates are inserted. The final calculus represen-
. . . “tation is generated by a series of transformations aimed to
between local and remote implementations of a function s .
produce a correct and efficient query calculus expression. In

which is then called by an RPC for every single instance. . . . !
- .~ these transformations, query consistency is achieved by ex-
There are few research reports describing use of views

mechanisms for data integration. The Multibase system [2] tent template expansions and removals, and by coercion for
: integ ' Y the materialized DT instances; materialization is performed
is also based on a derivative of the DAPLEX data modeland . . e .

. . L .~~~ hy including materialization predicates for selected query
uses function transformations for queries in a scenario sim-

. g S . variables; DT instance validation is performed by insert-

ilar to the supertyping scenario in this paper. Although this . d ding th lidation f . Th :

scenario was not the focus of the paper, some differencesinIng and expan Ing the validation ur_lctlo_n. © separat|o_n
' . of the validation from extent generation (instance composi-

mﬁlsggsrce)?::; ﬁ;ncgitgﬁrlﬁféeganzzetdoit%E;Zdeplfrfﬁgr.'%”) gives smaller validation functions. The separation of
P ' the materialization from the extent generation allows selec-

more, n.o materlallzqt|on is used, which makes the.coer0|ontive materialization where only portions of the DTs extents
and validation techniques presented here not applicable. are materialized

The UNISQL [12, 11] system also provides views for Th dicat . ifving the vi ;
database integration. The virtual classes (corresponding to € predicate expressions speufymg_ € view suppor
asks describe relationships of the DTs in the type hierar-

the DTs) are organized in a separate class hierarchy. Thd h d often h 20D s, Th d
virtual class instances inherit the OIDs from the correspond-ct ytan ho en | a\lle ol;/er aorl)plng par ts . (te' paper bemon;j
ing instances in the ordinary classes, which does not allow>'rat€s now caiculus-based query optimization can be use

definition of stored functions over virtual classes defined by fo remove rtehdundatnt pr.edlc:;\t(;s mtrdqdutced from the over-d
multiple inheritance. There is no corresponding supertype ap among the system-inserted predicale expressions, an

integration mechanism, but rather a set of queries can bebetween the system-inserted and user-specified parts of the

used to specify a virtual class as an union of other classesd4e"Y: The calculus-based transformations and optimiza-

This imposes relationships among the classes not included'°"S dto no'gt_reqwreh_c?]st fu;ctlct)rr: calc_ulat;ont a_nd Tearcht
in the class hierarchy, resulting into two types of dependen-Space ransitions which makes them simple to impiemen

cies among the virtual classes. and mexpenswg to perform. ) )
The conclusion from this research is twofold. First, al-

though the object orientation allows for mediation in which
the functions are evaluated by some remote method invo-
cation protocol, this is, from performance reason, unac-
In this paper, we presented an overview of the design andceptable. There is an apparent need for a bulk-processing
the implementation of a passive mediation framework basedbased query processor as the ones used in the relational

The work presented in this paper is related to research
in the areas of OO views and database integration. This

The Remote-Exchange project at University of Southern
California [6] uses a CDM similar to the one used in our
work to establish a framework for instance and behavior
sharing. However, it always uses late binding to choose

6. Summary and Future Work



databases. Second, the multidatabase environment require§9] Object Management Group: The Common Object Re-

even greater optimization effort to achieve predictive per-

formance for a wide range of queries. This reflects on the
system architecture which has to be suitable for application
of extensive optimization techniques.

Our current research shows that the concepts presented
in this paper for the derived subtypes can be extended to

DTs defined as explicit supertypes. The derived supertypestll]

guest Broker: Architecture and Specification, Object
Request Broker Task Force, 1993.

10] J. Karlsson, S. Flodin, K. Orsborn, T. Risch, M.dik"

have the same basic functions, but they are implemented in
a different way. For example, for the explicit supertypes,
the coercion functions do key mappings and possible mate-
rialization, while the extent function are implemented over
functions of the subtypes.
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