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Abstract. ODRA (Object Database for Rapid Application depahent) is an
object-oriented application development environnmeemtently being constructed at
the Polish-Japanese Institute of Information Tebtbgo The aim of the project is
to design a next-generation development tool fadwurtu database application
programmers. The tool is based on the query lareg&RQL (Stack-Based Query
Language), a new, powerful and high level obje@ded programming language
tightly coupled with query capabilities. The SBQkeeution environment consists
of a virtual machine, a main memory DBMS and arrastiructure supporting
distributed computing. The paper presents desigisgaf ODRA, its fundamental
mechanisms and some relationships with other soisiti

1 Introduction

With the growth of non-classical database applicatespecially in the rapidly growing Internet
context, the issue of bulk data processing in ibisted and heterogeneous environments is
becoming more and more important. Currently, ingirgga complexity and heterogeneity of this
kind of software has led to a situation where paogners are no more able to grasp every
concept necessary to produce applications thataefticiently work in such environments. The
number of technologies, APIs, DBMSs, languages]stoservers, etc. which the database
programmer should learn and use is extremely hddes results in enormous software
complexity, extensive costs and time of softwarenufiacturing and permanently growing
software maintenance overhead. Therefore the mdsean new, simple, universal and
homogeneous ideas of software development toalsriently very essential.

The main goal of the ODRA project is to develop nparadigms of database application
development. We are going to reach this goal byeeing the level of abstraction at which the
programmer works. To this end we introduce a newivarsal, declarative programming
language, together with its distributed, databasmted and object-oriented execution
environment. We believe that such an approach gesviunctionality common to the variety of
popular technologies (such as relational/objecaloizges, several types of middleware, general
purpose programming languages and their executigimaaments) in a single universal, easy to
learn, interoperable and effective to use appbcagirogramming environment.
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The principle ideas which we are implementing idesrto achieve this goal are the following:

* Object-oriented design. Despite the principal role of object-oriented islea software
modeling and in programming languages, these idaas not succeeded yet in the field of
databases. As we show in this paper, our approsdfifferent from current ways of
perceiving object databases, represented mostthéoYDDMG standard [4] and database-
related Java technologies (e.g. [5, 6]). Instead, ave building our system upon a
methodology called the Stack-Based Approach (SBAJatabase query and programming
languages [13, 14]. This allows us to introducedatabase programming all the popular
object-oriented mechanisms (like objects, classasheritance, polymorphism,
encapsulation), as well as some mechanisms prdyioaknown (like dynamic object roles
[1,7] or interfaces based on database views [§, 10]

» Powerful query language extended to a programmingahguage.The most important
feature of ODRA is SBQL (Stack-Based Query Langliage object-oriented query and
programming language. SBQL differs from programmiemgguages and from well-known
query languages, because it is a query languade tvé full computational power of
programming languages. SBQL alone makes it possiblereate fully fledged database-
oriented applications. The possibility to use thens very-high-level language for most
database application development tasks may greaflyove programmers’ efficiency, as
well as software stability, performance and maiatex@ potential.

* Virtual repository as middleware. In a networked environment it is possible to caine
several hosts running ODRA. All systems tied instlmhanner can share resources in a
heterogeneous and dynamically changing, but reliadohd secure environment. Our
approach to distributed computing is based on o¢lgeented virtual updatable database
views [9]. Views are used asrappers (or mediators) on top of local servers, adata
integration facility for global applications, and asstomizers that adopt global resources to
needs of particular client applications. This teslbgy can be perceived as contribution to
distributed databases, Enterprise Application Iraegn (EAI), Grid Computing and Peer-
To-Peer networks.

The rest of the paper is organized as follows. &ttiSn 2 we shortly present the main
motivations and features of SBQL. In Section 3 ugeuks application integration using ODRA.
In Section 4 we discuss various deployment scemazancerning ODRA-based applications.
Section 5 concludes.

2 SBQL

The termimpedance mismatch denotes a well-known infamous problem with mappdaia
between programming languages (recently Java) aathbdses. The majority of Java
programmers spend between 25% and 40% of theirttiyimey to map objects to relational tables
and v/v. In order to reduce the negative influeéethe feature, some automatic binding
mechanisms between programming language objects datdbase structures have been
suggested. This approach is expressed in the ODM@dard, post-relational DBMS-s and
several Java technologies.

Unfortunately, all these solutions have only shotvat despite the strong alignment of the
database constructs with the data model of theranoigning languages used to manipulate them,



the impedance mismatch persists. It could be retatehe cost of giving up the support for a
higher-level query language, which is unacceptabtpedance mismatch is a bunch of negative
features emerging as a result of too loose coupetg/een query languages and general-purpose
programming languages. The incompatibilities comceyntax, type checking, language
semantics and paradigms, levels of abstractiorditgnmechanisms, namespaces, scope rules,
iteration schemas, data models, ways of dealing suich concepts as null values, persistence,
generic programming, etc. The incompatibilities re@inbe resolved by any, even apparently
reasonable approach to modify functionality or #&ddal utilities of existing programming
languages.

All these problems could be completely eliminatey means of a new self-contained

guery/programming language based on homogeneouggisn Our idea concerns an imperative
object-oriented programming language, in whicheherno distinction between expressions and
gueries. Such expressions/queries should haverésatommon to traditional programming

language expressions (literals, names, operatbtg),also should allow for declarative data

processing. Query operators can be freely combivitd other language’s constructs, including

imperative operators, control statements and prognag abstractions. The language could be
used not only for application programming, but atsquery/modify databases stored on disk and
in main memory. Our proposal of such a languagemed SBQL and it is the core of ODRA.

2.1 Queries as Expressions

SBQL is defined for a very general data store mda$ed on the principles of object relativism
and internal identification. Each object has thkofeing properties: an internal identifier, an
external name and some value. There are three &fmulgects:

* simple (<OID, name, atomic value>),
» complex (<OID, name, set of subobjects>),
» reference (<OID, name, target OID>).

There are no dangling pointers: if a reference@ag deleted, the reference objects that point at
it, are automatically deleted too. There are ndwvalles - lack of data is not recorded in any way
(just like in XML). This basic data model can beeddo represent relational and XML data. We
can also use it to build more advanced data strestwhich are properties of more complex
object-oriented data models (supporting procedutasses, modules, etc).

SBQL treats queries in the same way as traditipr@gramming languages deal with expressions
(we therefore use the terms query and expresstercitangeably). Basic queries are literals and
names. More complex queries are constructed byeatimy literals and names with operators.
Thus, every query consists of several subqueridstlzgre are no limitations concerning query
nesting. Because of the new query nesting paradwgenavoid theselect-from-where sugar,
which is typical for SQL-like query languages. IB@L expressions/queries are written in the
style of programming languages, e.g. 3¥&yj*z, Employee where salary > (x+y); etc.

In SBQL we have at least six query result kindsimatc values, references, structures, bags,
sequences and binders. They can be combined atetinedully orthogonal way (limited only
by type constraints). Unlike ODMG, we do not intugd explicitly collections (bags, sequences)
in the data store; collections are substituted byymbjects with the same name (like in XML).
Structures are lists of fields (possibly unnamedhjclv are together treated as a single value.
Binders are pairsrame, result>, written asname(result), whereresult is any query result. Query



results are not objects - they have no OIDS and maag no names. Query results and procedure
parameters belong to the same domain, hence d@issilde to pass a query as a parameter. SBQL
gueries never return objects, but references tm {f@/Ds). Due to this feature not orndgll-by-
value, but alsacall-by-reference and other parameter passing styles are possible.

It is possible to create a procedure which retarnsllection of values. Such a procedure reminds
a database view, but it can encapsulate complexepsing rather than a single query (like in
SQL). However, in SBQL procedures and (updateabieyvs are different abstractions; the
second one has no precedents in known query ampgonoing languages. Names occurring in
gueries are bound using the environment stack, twhsc a structure common to most
programming languages. Its sections are filled ith Winders. Stack sections appear not only as
results of procedure calls, but also due to a fipegroup of query operators, callewn-
algebraic. Among them there are such operators as: . (db#e, join, order by, forall, forany,

etc. All non-algebraic operators are macroscopecwork on collections of data.

Query operators calledlgebraic do not use the environment stack. Some of them ésg,
union) are macroscopic, some other (e.g. +, -, *) atte Algebraic and non-algebraic operators,
together with the environment stack and the quesglt stack make up typical functionality
expected from a query language designed to dehlstriictured and semi-structured data.

Some SBQL operators provide functionality whichalssent or very limited in popular query
languages. Among them are transitive closures axeld-point equations. Together with
procedures (which can be recursive), they constititee styles of recursive programming in
SBQL. All SBQL operators are fully orthogonal withperative constructs of the language.

SBQL queries can be optimized using methods knowam fprogramming languages and
databases. The SBQL optimizer supports well knosahriques, such as rewriting, cost-based
optimization, utilization of indices and featuresdistributive operators (like shifting selections
before joins). Several powerful strategies unknownother query languages (like shifting
independent subqueries before non-algebraic opsjatmave been developed [11, 13]. The
process of optimization usually occurs on the ¢igde during the program compilation process.
The traditional server-side optimization is alsegible. Since the SBQL compiler provides static
counterparts of runtime mechanisms (database s¢htatie environment stack and static result
stack), it is possible to use these counterparntoilate the whole program evaluation process
during compile time. This makes it possible stramg semi-strong type checking of SBQL
gueries/programs [12] and compile-time optimizagion

Thanks to the data independence, global declasaticmnot tied with programs. Instead, they are
parts of a database schema and can be designenhistdred and maintained independently of
programs. If necessary, a client-side SBQL compéletomatically downloads the metabase
(which contains the database schema, databasstistatiand other data) from the server to
accomplish strong type checking and query optironat

2.2 Advanced SBQL Features

SBQL supports popular imperative programming laggueonstructs and mechanisms. There are
well known control structures (if, loop, etc.), wsll as procedures, classes, interfaces, modules,
and other programming and database abstractionis.arl fully orthogonal with SBQL
expressions. Most SBQL abstractions are first-ct@szens, which means they can be created,
modified, deleted and analyzed at runtime. Dedlamatof variables in SBQL may determine



many objects of the same name and type. Thus,dheept of variable declaration is similar to
table creation in relational databases.

Apart from variable name and type, variable detilana determine cardinalities, usually [0..*],
[1..%], [0..1] and [1..1]. A cardinality constraimissigned to a variable is the way in which SBQL
treats collections. It is possible to specify wieethhiariable name binding should return ordered
(sequences) or unordered (bags) collections. Areagssupported as ordered collections with
fixed length.

In classical object-oriented languages (e.g. Jayges are represented in a relatively
straightforward manner and suitable type equivaealgorithms are not hard to specify and
implement. However, type systems designed for qlaerguages have to face such problems as
irregularities of data structures, repeating datdl€ctions with various cardinality constraints),
ellipses, automatic coercions, associations amdrjgcts, etc. These peculiarities of query
languages make existing approaches to types toitetimSBQL provides a semi-strong type
system [12] with a relatively small set of typeslamith structural type conformance. SBQL is
perhaps the only advanced query language withapahislity of static type checking. Static type
checking in SBQL is based on the mechanisms usexd dalring static optimization (described
above): the static environment stack, the statieryjuesult stack, and the metabase (which
contains variable declarations). Note that traddioquery processing assumes that queries are
embedded in a host language as strings, which nsies type checking impossible.

SBQL programs are encapsulated within modules, wbanstrain access from/to their internals
through import and export lists. Modules are comd complex objects which may contain
other objects. Because modules are first-clasgeaisi, their content may change during run-time.
Classes are complex objects too consisting of phoes and perhaps other objects. Procedures
stored inside classes (akaeethods) differ from regular procedures only by their exton
environment, which additionally contains internals currently processed object.

Procedure parameters and results can be bulk valllegrocedure parameters (even complex
ones) can be passed by values and by referencestoDihe stack-based semantics procedures
can be recursively called with no limitations anithwo special declarations.

SBQL supports two forms of inheritance: class iitaace (static) and object inheritance
(dynamic). The former is typical of popular programg languages. Unlike Java, multiple
inheritance is allowed. The second inheritance feraiso known as dynamic object roles [1, 7].
This concept assumes that throughout its lifetim@lgject can gain and lose multiple roles. For
example, the object Person can have simultanesusly roles as Employee, Student, Customer,
etc. Roles may be dynamically inserted or delet¢olfrom an object. An object representing a
role inherits all features of its super-objectsisTimethod models real-life scenarios better than
multiple inheritance. For instance, persons carstbdents, employees or customers only for
some time of their entire life. The mechanism afi@wyic object roles solves many problems and
contradictions, in particular, with multiple inhiemce, tangled aspects, historical objects, etc.

Many SBQL concepts have their roots in databadierahan in programming languages. One
of them is the mechanism of updatable views [8, $QLh views not only present the content of
a database in different ways, but also allow tdquer update operations on virtual data in a
completely transparent way. In SBQL a view deforitcontains a procedure generating so-called
seeds of virtual objects. The definition also bears sfieation of procedures that are to be

performed on stored objects in response to updaeations addressing virtual objects generated



by the view. The procedures overload generic oerat(create, retrieve, update, insert, delete)
performed on virtual objects. The view definer @sponsible for implementing every operation
that must be performed after a virtual object islatpd. There are no restrictions concerning
which operations on virtual objects are allowed aridch are not (unlike view updateability
criteria known from other proposals). Because avvifinition is a complex object, it may
contain other objects, in particular, nested viexirdtions, ordinary procedures, variables (for
stateful views), etc.

Updatable views in ODRA have many applicationsgnag from traditional (virtual mapping of
data stored in the database) to complete novelgdigors or integrators). In particular, since
SBQL can handle semi-structured data, SBQL views loa used as an extremely powerful
transformation engine (instead of XSLT). The powkeEBQL views is the power of a universal
programming language, concerning both the mappirggased objects into virtual ones and the
mapping of a updates of virtual objects into upslatiestored ones.

Another case is the concept of the interface, widclalso expressed as a view. Because an
interface is a first-class citizen, apart from saslommon to traditional interfaces, it can also

serve as an element of the security subsystem. ¥ mavileged user has access to more data
inside an object, while another user sees itsnaterthrough a separate, limited interface.

2.3 SBQL Runtime Environment

An SBQL program is not directly compiled into a e code. It is necessary to have some
intermediate forms of programs and a virtual exeouénvironment which executes them. The
first form is a syntactic tree, which is the subjefcoptimizations and type checking. This form is
transformed into a bytecode (different from a Jaytecode, for several important reasons). The
SBQL execution environment consists of a virtuathmae (VM) acting on a bytecode. The VM
functionality provides services typical for hardedwirtual instruction set, virtual memory, etc.)
and operating systems (loading, security, scheguétc.). Once compiled, a bytecode can be run
on every system for which ODRA has been ported.plda that SBQL programs can also move
from one computer to another during runtime (egmnfa busy computer to an idle one).

The DBMS part controls the data store and provelesh mechanisms as transaction support,
indexing, persistence, etc. It is a main memory BN which persistence is based on modern
operating systems’ capabilities, such as memorypeddiles. ODRA assumes the orthogonal
persistence model [2].

3 Application Integration Using ODRA

The distributed nature of contemporary informatsystems requires highly specialized software
facilitating communication and interoperability ‘ween applications in a networked
environment. Such software is usually referred sonaddleware and is used for application
integration. ODRA supports information-oriented asetvice-oriented application integration.
The integration can be achieved through severahnigoes known from research on
distributed/federated databases. The key featut@@RA-based middleware is the concept of
transparency. Due to transparency many complexieghdetails of the distributed data/service
environment need not to be taken into account éapplication code. ODRA supports such
transparency forms as transparency of updating nfeal® the side of a global client,



transparency of distribution and heterogeneityndparency of data fragmentation, transparency

of data/service redundancies and replicationssparency of indexing, etc.

These forms of transparency have not been solved tsatisfactory degree by current
technologies. For example, Web Services suppoyt toahsparency of location and transparency
of implementation. Transparency is achieved in ODB#Wough the concept of a virtual
repository (Fig. 1). The repository seamlessly griées distributed resources and provides a
global view on the whole system, allowing one tdia¢ distributed software resources (e.qg.
databases, services, applications) and hardwaoedgsor speed, disk space, network, etc.). It is
responsible for the global administration and séguinfrastructure, global transaction
processing, communication mechanisms, ontology rmethdata management. The repository

also facilitates access to data by several redurdisa structures (global indexes, global
replicas), and protects data against random syfstitumes.
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The user of the repository sees data exposed bgytems integrated by means of the virtual
repository through the global integration view. Thain role of the integration view is to hide
complexities of mechanisms involved in access tllaata sources. The view implements
CRUD behavior which can be augmented with logipoesible for dealing with horizontal and
vertical fragmentation, replication, network fa#ggr etc. Thanks to the declarative nature of
SBQL, these complex mechanisms can often be exgatésone line of code. The repository has
a highly decentralized architecture. In order to ggeess to the integration view, clients do not
send queries to any centralized location in thevaet. Instead, every client possesses its own
copy of the global view, which is automatically ddeaded from the integration server after
successful authentication to the repository. A guetecuted on the integration view is to be
optimized using such techniques as rewriting, jnijp&d, global indexing and global caching.

Local sites are fully autonomous, which means iha$ necessary to change them in order to
make their content visible to the global user @& thpository. Their content is visible to global

clients through a set of contributory views whiclughconform to the integration view (be a

subset of it). Non-ODRA data sources are availédlglobal clients through a set of wrappers,
which map data stored in them to the canonical ablbjeodel assumed for ODRA. We are

developing wrappers for several popular databaseguages and middleware technologies.
Despite of their diversity, they can all be madaible to global users of the repository. The
global user may not only query local data sourbes,also update their content using SBQL.

Instead of exposing raw data, the repository designay decide to expose only procedures.
Calls to such procedures can be executed synchstphand asynchronously. Together with

SBQL’s support for semi-structured data, this featenables document-oriented interaction,
which is characteristic of current technologiespurfing Service Oriented Architecture (SOA).

4 Deployment Scenarios

ODRA is a flexible system which can substitute manyrent technologies. In particular, it can
be used to build:

» Standalone applications.There are several benefits for programmers whot w@rcreate
applications running under ODRA. Since SBQL debvarset of mechanisms allowing one to
use declarative constructs, programming in SBQLlm@e convenient than in languages
usually used to create business applications (siscfiava). ODRA transparently provides
such services as persistence; thus applicationsotidchave to use additional DBMS-s for
small and medium data sets. Other databases canabe visible through a system of
wrappers, which transparently map their conteihéocanonical data model of ODRA.

» Database systemsODRA can be used to create a traditional cliemsr database system.
In this case, one installation of ODRA plays thie af a database server, other act as clients.
A client can be an application written in SBQL arah run in ODRA, as well as a legacy
application connected by a standard database middée(e.g. JDBC). The system may be
used as a DBMS designed to manage relational, ebjemted and XML-oriented data. In
every case all database operations (querying, upgddatansforming, type checking, etc.) can
be accomplished using SBQL. Technologies, suchds 8QL, XQuery [15], XSLT, XML
Schema, can be fully substituted by the SBQL cdialsi



Object request brokers ODRA-based middleware is able to provide funcidy known
from distributed objects technologies (e.g. CORBA)ODRA, the global integrator provides
a global view on the whole distributed system, #mel communication protocol transports
requests and responses between distributed objextal applications can be written in any
programming language, as the system of wrappers rtggal data to ODRA’s canonical
model. There are several advantages of ODRA comgpaa traditional ORB technologies.
Firstly, the middleware is defined using a quergglaage, which speeds up middleware
development and facilitates its maintenance. Sdgprid CORBA it is assumed that
resources are only horizontally partitioned, n@iicated and not redundant. ODRA supports
horizontal and vertical fragmentation, can resaleplications and can make choice from
redundant or replicated data.

Application servers. A particular installation of ODRA can be chosenstore application
logic. By doing so, the developers can exert insedacontrol over the application logic
through centralization. The application server @so take several existing enterprise
systems, map them into ODRA'’s canonical model axgbge them through a Web-based
user interface. It is possible to specify exacttylsuch an application server behaves, so the
developer can implement such mechanisms as clugtert load balancing by him/her own
using declarative constructs or already implementedponents.

Integration servers. Integration servers can facilitate informationvament between two or
more resources, and can account for differencapptication semantics and platforms. Apart
from that, integration servers provide such medmnsias: message transformation, content
based routing, rules processing, message waretyppusiactory services, repository services,
etc. The most advanced incarnation of this techmo(oalled Enterprise Service Bus, ESB) is
a highly decentralized architecture combining cpteeof Message Oriented Middleware
(MOM), XML, Web Services and workflow technologiesgain, this technology is one of
the forms that our updatable view-based middlewaretake.

Grid Computing infrastructure . Grid Computing is a technology presented bydigaates

as integration of many computers into one big airtcomputer, which combines all the
resources that particular computers possess. Penpleed in grid research usually think of
resources in terms of hardware (computation, segregmmunications, etc.), not data. It is a
result of their belief that "in a grid, the memlmeachines are configured to execute programs
rather than just move data” [3]. However, all bass applications are data-intensive and in
our opinion distribution of computation depends @malways on data location. Moreover,
responsibility, reliability, security and complexitof business applications imply that
distribution of data must be a planned phase aéeplined design process. ODRA supports
this point of view and provides mechanisms enaldjng technology for businesses.

5 Conclusion

We have presented an overview of the ODRA systehiciwis used as our research platform

aiming future database application developmenstd®DRA comprises a very-high-level object-
oriented query/programming language SBQL, its raatenvironment integrated with a DBMS,
and a novel infrastructure designed to integratbrdistributed applications. The core of the
prototype is already operational and is used erparially for various test cases. The project is



still under way and focuses on adding new funclibes, improving existing ones,
implementing new interoperability modules (wrappersnplementing specialized network
protocols and elaborating various optimization teghes.
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