A White Paper

Object Storage in DOE

© 1993, 1994 Sun Micr osystems, Inc.—Printed in the United States of America. 2550 Garcia Avenue, Mountain V iew, California 94043-1 100 U.S.A

All rights r eserved. This pr oduct and r elated documentation is pr otected by copyright and distributed under licenses restricting its use, copying, distribution and decompilation. No part of this pr oduct or r elated documentation may be reproduced in any form by any means without prior written authorization of Sun and its licensors, if any .

Portions of this pr oduct may be derived fr om the UNIX® and Berkeley 4.3 BSD systems, licensed fr om UNIX Systems Laboratories, Inc. and the University of California, r espectively . Third party font softwar e in this pr oduct is pr otected by copyright and licensed fr om Sun’s Font Suppliers.

RESTRICTED RIGHTS LEGEND: Use, duplication, or disclosur e by the government is subject to r estrictions as set forth in subparagraph (c)(1)(ii) of the Rights in T echnical Data and Computer Softwar e clause at DF ARS 252.227-7013 and FAR 52.227- 19. The pr oduct described in this manual may be pr otected by one or mor e U.S. patents, for eign patents, or pending applications.

TRADEMARKS

Sun Micr osystems, the Sun logo, NFS and Solaris ar e register ed trademarks, and SunSoft, the SunSoft Logo, DeskSet, T oolTalk, OpenW indows, SunOS, SunPC, SunCD, CDmanager , ONC, ONC+, XV iew, VP/ix, INTERACTIVE and Catalyst ar e trademarks or r egister ed trademarks of Sun Micr osystems, Inc., licensed to SunSoft, Inc., a Sun Micr osystems company . UNIX and OPEN LOOK ar e register ed trademarks of UNIX System Laboratories, Inc. X W indow System is a pr oduct of the Massachusetts Institute of T echnology .

All other pr oducts r eferred to in this document ar e identified by the trademarks of the companies who market those pr oducts.

All SPARC trademarks, including the SCD Compliant Logo, ar e trademarks or r egister ed trademarks of SP ARC International, Inc. SPARCstation, SP ARCserver , SPARCengine, SP ARCworks, and SP ARCompiler ar e licensed exclusively to Sun Microsystems, Inc. Pr oducts bearing SP ARC trademarks ar e based upon an ar chitectur e developed by Sun Micr osystems, Inc.

The OPEN LOOK® and Sun™ Graphical User Interfaces wer e developed by Sun Micr osystems, Inc. for its users and licensees. Sun acknowledges the pioneering ef forts of Xer ox in resear ching and developing the concept of visual or graphical user interfaces for the computer industry . Sun holds a non-exclusive license fr om Xerox to the Xer ox Graphical User Interface, which license also covers Sun’s licensees who implement OPEN LOOK GUIs and otherwise comply with Sun’s written license agreements.

X Window System is a trademark and pr oduct of the Massachusetts Institute of T echnology .

THIS PUBLICATION IS PROVIDED “AS IS” WITHOUT W ARRANTY OF ANY KIND, EITHER EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED T O, THE IMPLIED W ARRANTIES OF MERCHANT ABILITY, FITNESS FOR A PARTICULAR PURPOSE, OR NON-INFRINGEMENT .

THIS PUBLICATION COULD INCLUDE TECHNICAL INACCURACIES OR TYPOGRAPHICAL ERRORS. CHANGES ARE PERIODICALLY ADDED TO THE INFORMA TION HEREIN; THESE CHANGES WILL BE INCORPORA TED IN NEW EDITIONS OF THE PUBLICA TION. SUN MICROSYSTEMS, INC. MA Y MAKE IMPROVEMENTS AND/OR CHANGES IN THE PRODUCT(S) AND/OR THE PROGRAM(S) DESCRIBED IN THIS PUBLICA TION AT ANY TIME.

ii SunSoft—April 1994

Object Storage in DOE iii

TableofContents

Overview............................................................................................ 1

Persistent Storage Manager ..............................................................7

C++ Object Database Interface..........................................................9

Object Database Adaptor................................................................. 11

Summary..........................................................................................14

iv SunSoft—April 1994 1

Object Storage in Project DOE

Overview

SunSoft™ wants to pr ovide customers a range of alternatives for object data persistence and a range of alternatives for accessing persistent data in or der to best suit customer r equir ements. As object-oriented technology becomes the dominant paradigm for application development in the 1990's, it is becoming increasingly important to pr ovide object storage capabilities to developers and users. Because users have dif fering r equir ements for functionality , performance, and size, SunSoft will insur e that a range of capabilities will be available that allows developers to choose the appr oach that best fits their needs.

While conventional UNIX files or r elational databases ar e satisfactory for some purposes, storage mechanisms tailor ed to the granularity of objects ar e often more convenient. T able 1 shows the choices available to a user for storing objects persistently .

This paper will focus on the last two categories in the table: Persistent Storage Manager (PSM) and Object Database Management Systems (ODBMS).

Table1 Choices for Persistent Object Storage

Storage Mechanism Data T ypes Permitted Functionality Provided Example Application

File Storage stream of bytes simple file operations Simple text editor

Relational Database Management System tables SQL standar d, heter ogeneity

Accounts r eceivable entry

Persistent Storage Manager (PSM) data str uctur e described in Interface Definition Language (IDL) semi-transpar ent field access

Nested documents

Object Database Management System (ODBMS) any PL data str uctur e, plus extensions

PL integration, concurr ency, query , versions

CAD editor

2 SunSoft — April 1994

Benefits of Object Storage

We expect object storage to become incr easingly important because a programming envir onment enabled to pr ovide object storage allows users to more easily gain the benefits object-oriented development: r eusability , modularity , and extensibility . These benefits translate to important achievements in a world wher e softwar e is crucial to the way companies do business and compete:

• shorter time to market • lower cost of development • ability to manage complexity for next-generation business systems

ODBMS

Object-oriented database management systems (ODBMS) ar e typically used to build and deploy multi-user , distributed applications. Database management systems wer e developed to simplify softwar e development by taking responsibility for:

• sharing of data among users • ensuring data integrity and r ecovery • distributing data in a network • managing the query pr ocess for lar ge sets of data

An ODBMS pr ovides the traditional services of a DBMS and raises the level of abstraction fr om records to objects. This level of abstraction facilitates development of r eusable code that is easier to maintain and enhance by closely supporting object-oriented languages.

Most ODBMS also augment traditional DBMS functionality with support for version and configuration management, and concurr ency contr ol for groupwar e applications. These systems pr ovide the services necessary to manage millions of finer -grained objects in a distributed network application. ODBMS are ideal for the development of applications that r ely on complex, non-r ecord-oriented data types with inheritance (such as applications r equir ed for multi-media pr esentation or engineering design).

Object Storage in Project DOE 3

PSM The Pr oject DOE Persistent Storage Manager (PSM) can be thought of as a simple ODBMS that pr ovides object storage and r etrieval mechanisms without the mor e advanced ODBMS featur es such as versions, complex queries, and object-level, multi-user concurr ency contr ol. The PSM is designed for applications that do not r equir e these mor e advanced featur es and that should not be bur dened with the associated cost. The PSM is integrated with programming languages in a fashion similar to ODBMS, which simplifies upgrade to a full ODBMS if and when additional functionality is r equir ed.

ORBs

Object Request Br oker (ORBs) ar e used to communicate between objects in distributed envir onments. An ORB is designed to support transpar ent communication and distribution of objects among applications fr om dif ferent vendors installed on distributed, heter ogeneous platforms. The ORB pr ovides services for a client to transpar ently:

• locate an object in a wide ar ea network • verify that the object is the expected type • invoke a method on that object to generate a desir ed behavior • transfer invocation data to and fr om the object in a type-safe and

architectur e-independent fashion

This technology makes it possible for applications or database systems written by dif ferent vendors to exchange information. The client is insulated fr om having to know what application or vendor cr eated the object, and fr om having to worry about the har dwar e or operating system wher e the object is resident. Y ou can write object “wrappers” ar ound existing applications to allow them to coexist in an object-oriented world.

ORB Client to Server Object Interfaces

The ORB client/server ar chitectur e is described in the SunSoft Project DOE: Futur e Solaris Technologieswhite paper; it is r ecommended that you r ead this paper or have some understanding of the ORB, BOA, IDL, and the r est of the DOE ar chitectur e befor e proceeding with this document.

4 SunSoft — April 1994

In the world of DOE, client objects call server objects thr ough the ORB. The call interface for the server objects is described in IDL. The server objects must manage the data that they r equir e for the functionality that they support; typically , they will keep their data in some kind of storage manager . Figur e 1 pictorially r epresents the ar chitectur e.

Note – The same object may be a client object in one context and a server object in another context; server objects pr ovide a service, and client objects invoke the server objects to use that service.

Figure 1 Object storage in the DOE envir onment

Figur e 1 shows two interfaces in this ar chitectur e for which standar ds need to be established:

1. An object adaptor interface that connects the ORB and the server objects.

An object adapter is the interface by which the ORB locates and invokes a server object when it is called by a client. An ORB objref (object reference) uniquely identifies a server object.

2. A storage manager interface that connects server objects to the storage manager used to stor e their persistent data.

Storage Managers for Application Objects

Storage Manager Interfaces ORB Server Objects BOA ODA

Object Adaptor Interfaces

ORB ORB Client Objects

Object Storage in Project DOE 5

A server object locates and accesses its persistent data thr ough this interface. If the storage manager is the PSM or an ODBMS, this data is maintained as one or mor e data objects per server object accessible thr ough unique identifiers.

In both cases, mor e than one alternative interface standar d is needed because a wide range of application r equir ements within the ar chitectur e needs to be supported.

Object Adaptors

The CORBA specification defines a Basic Object Adapter (BOA) intended for typical medium-to-lar ge server objects (such as documents or windows) implemented in a host pr ogramming language.

The CORBA specification also anticipated the need for other types of adaptors for server objects. SunSoft has pr oposed an additional adaptor , called an Object Database Adaptor (ODA).

The ODA allows clients to access application objects stor ed in an ODBMS via the ORB. Calls to objects that ar e implemented via an object database ar e routed thr ough the ODA. The object database engine is then invoked to retrieve the state and set up the customer -supplied methods for the objects. See “Object Database Adaptor” for a discussion on SunSoft’s appr oach to developing a pr ototype for an ODA.

Storage Manager Interfaces

A standar d API needs to be defined for how server objects interface with the storage managers used to stor e objects in an application. Figur e 2 illustrates some choices for storage manager interfaces.

6 SunSoft — April 1994

Figure 2 Choices for Storage Manager Interfaces PSM Users of the BOA and SunSoft’s DOE will have the ability to stor e objects directly in the PSM that will be pr ovided as part of the DOE envir onment. The interface to the PSM is via an API based upon C or C++. The PSM softwar e supplies basic object storage capability for applications using SunSoft's DOE softwar e. See “Persistent Storage Manager” for a discussion of the PSM.

The C++ interface is intended to be a subset of a full C++ ODBMS API standar dized by the Object Database Management Gr oup (ODMG). See “C++ Object Database Interface” for a discussion of the ODMG standar d.

PSM Engine

ODBMS

PSM API

ODBMS API

Server Objects BOA

Storage Manager Interfaces

Storage Managers

Object Storage in Project DOE 7

Although the PSM has less functionality than a full ODBMS, it has the advantage of using less system r esour ces and being available as part of DOE. To help customers upgrade to a full object database, the PSM pr ogramming language binding is tar geted to be a compatible subset of the ODMG standar d.^1

Note – A derivative of the PSM interface was submitted to the Object Management Gr oup (OMG) in r esponse to a r equest for pr oposal (RFP) for persistence and was accepted as OMG COSS1 .

ODBMS

For applications that need mor e sophisticated database capabilities than the capabilities that ar e provided by the PSM (such as concurr ency contr ol for data access, r elationships, and complex query support), an object database is the right choice for storing objects. An object database can pr ovide persistence for any data str uctur e that can be described in the host pr ogramming language. Most object databases also support a query language and shar ed access to the data fr om multiple users and distributed sites though locking, versioning, and transaction mechanisms.

Because both DOE and object databases pr ovide mechanisms for building distributed applications, it is SunSoft’s goal to pr ovide, either dir ectly or through partnerships, a way for users that start with PSM to upgrade to a full-fledged object database; and for existing applications to shar e data between object databases and applications based upon the PSM.

Persistent Storage Manager

The PSM is built on a storage management engine supplied by Object Design, Inc. (ODI). The PSM is designed for DOE applications with simple object persistence r equir ements.

SunSoft's implementation of the PSM is based on a PSM Engine (PSME) developed by ODI. The PSME, a subset of ODI’s database pr oduct, uses much less memory and system r esour ces than a full object database pr oduct, yet

1. It is not a pr ecise subset at the time of this writing because ODMG and PSM ar e still moving tar gets, and because ODBMS do not yet support multi-thr eaded pr ocesses.

8 SunSoft — April 1994 allows the PSM to pr ovide basic storage management for objects. SunSoft has extended PSME with a layer of softwar e that exports the PSM interface. Figur e 3 illustrates the PSM.

Figure 3 Persistent Storage Manager

The PSM is intended for use by new applications in the DOE envir onment that have basic storage management r equir ements but that do not need advanced database featur es such as sophisticated queries, data object versions, or multi- user database transactions. These applications implement concurr ency contr ol (if any) thr ough ORB pr otocols rather than thr ough a database; concurr ent data access is not necessary since their data is private.

The PSM pr ovides data storage at the granularity of individual data objects. An application's data objects ar e described in an extension of IDL rather than an extension of the host pr ogramming language declarations (as in ODBMS). The use of IDL pr ovides a number of advantages:

• The schema description can be used for database access fr om multiple

programming languages.

• DOE users ar e already familiar with IDL.

PSM Engine PSM API

Storage Manager Interfaces

Storage Managers

Server Objects BOA

Object Storage in Project DOE 9

• Data objects can semi-transpar ently be r eplaced with ORB objects as an

application schema evolves (for example, the application need not be rewritten if pr eviously stor ed data attributes ar e instead computed).

The interface between the PSM data objects and the application is not thr ough IDL and ORB calls, however; it is pr ovided dir ectly from C or C++ in or der to provide performance and pr ogramming convenience similar to the best ODBMS.

SunSoft wants to make it easy for a PSM customer to upgrade to a full object database pr oduct. Some customers will find that as their application evolves, they r equir e mor e functionality than the PSM pr ovides. T o rewrite all data management aspects of the application in or der to switch to a full object database is not desirable.

We are keeping the PSM C++ interface as close as possible to the evolving C++ interface standar d defined for object databases by ODMG. This will make the upgrade to an object database will be straightforwar d — the application program written for PSM should continue to work with the full object database product, and the customer can incr ementally take advantage of the full object database functionality as is convenient.

C++ Object Database Interface

An object database pr ovides an ar chitectur e that is significantly dif ferent than other DBMS as viewed by the customer and have significant added value in SunSoft's object envir onment. Rather than pr oviding only a high-level query language such as SQL, an object database transpar ently integrates database capability with an application pr ogramming language. This transpar ency makes it unnecessary to learn a separate query language, obviates the need to copy data between database and pr ogramming language str uctur es, and supports substantial performance advantages thr ough data caching in applications. In addition, object databases pr ovide the query language capabilities of r elational systems, augmented to support the mor e compr ehensive object-oriented data str uctur es.

ODMG Standardization Effort

At SunSoft's invitation in 1991, the object database vendors formed a consortium, the Object Database Management Gr oup (ODMG), to work on standar ds for pr ogramming language interfaces for their pr oducts. The ODMG

10 SunSoft — April 1994 is establishing shar ed, consistent pr otocols for managing objects supported by the object databases. The focus has been on the C++ interface for object databases.

At the time of this writing, ODMG has completed Version 1 of their standar d, which has been published as “ODMG-93”.

The ODMG C++ standar d benefits object database customers r egardless of whether they use the ORB. The establishment of the standar d facilitates building-blocks for customers, enhancing the overall utility of object-oriented softwar e systems.

The ODMG standar d also incr eases the popularity of object databases. Much of the early success of r elational databases came fr om the standar dization that they of fered. For example, the SQL standar d allows a high degr ee of portability and inter -operability between systems, simplifies learning new r elational DBMS’s, and r epresents a wide endorsement of the r elational appr oach. These advantages ar e especially important for object databases because the pr oducts in this ar ea are offered by r elatively new companies. The standar d pr ovides the investment pr otection of application portability acr oss many vendors and also provides syner gy for multi-vendor tools for application development.

The intense ODMG ef fort has given the object database industry a “jump start” towar ds standar ds that would otherwise have taken many years. The data schema, pr ogramming language binding, and data manipulation/query languages ar e portable. Eventually , the standar ds pr oposal should be helpful in allowing inter -operability between the object database pr oducts as well (for example, heter ogeneous distributed databases communicating thr ough the ORB).

Components of ODMG Standard

The following major components of the ODMG standar d ar e described fully in the ODMG-93 Object Database Standar ds document:

• Object Model

The ODMG members have agr eed to support a common data model based upon the OMG Object Model. Since the OMG cor e model was designed to be a common denominator for object r equest br okers, object database systems, object pr ogramming languages, and applications, ODMG has defined extensions for object databases, in keeping with the OMG vision.

Object Storage in Project DOE 11

• Object Definition Language

ODMG defines a data definition language for object databases. This language is called the object definition language, or ODL, to distinguish it from traditional database data definition languages, or DDL. OMG IDL is used as the basis for the ODMG ODL syntax.

• Object Query Language

ODMG defines a declarative (non-pr ocedural) object query language (OQL) for finding and updating database objects. Wher ever possible, SQL syntax is used as the basis for OQL, although OQL must support mor e powerful capabilities (the r esults of a query need not be r elations).

• C++ Language Binding

The ODMG draft defines the standar d binding of object databases to C++. It explains how to write portable C++ code that manipulates persistent objects. This binding is called the C++ OML, or object manipulation language. The C++ binding also includes a version of the ODL based on C++ syntax and a simplified version of OQL for queries on C++ object collections.

• Smalltalk Language Binding

The ODMG draft defines a standar d binding of object databases to Smalltalk. The Smalltalk binding is (symmetrically) called OML/ODL for Smalltalk.

• Object Database ORB Binding

An appendix to the ODMG document describes the ar chitectur e for the object database adapter for the ORB.

The ODMG standar d will be extended at a futur e date to incorporate other programming language bindings and an IDL binding.

Note – Unlike r elational DBMS, object database data manipulation languages are tailor ed to specific application pr ogramming languages in or der to pr ovide a single, integrated envir onment for data manipulation. Ther efore, a new chapter is needed in the standar ds document for each language binding.

Object Database Adaptor

The object database adaptor (ODA) makes object database objects into ORB objects; it pr ovides an interface between the two object envir onments. Figur e 5 illustrates this concept.

12 SunSoft — April 1994

Figure 4 Object Database Adaptor

The ODA will allow customers that stor e objects in an object database to make their objects automatically accessible thr ough the ORB.

Object databases overlap somewhat with the ORB in the functionality that they provide. Both systems pr ovide r emote access to objects; both systems have an object identifier mechanism and a mapping to make their objects look like C++ objects. However , an object database pr ovides r emote access to an object's data, which is then cached locally , while the ORB pr ovides r emote access to an object's methods, which ar e executed r emotely . Thus, the systems ar e optimized for dif ferent application workloads and pr ovide complimentary functionality .

The goal for an object database adaptor (ODA) is to allow object database products to integrate seamlessly with the ORB. Although we have not yet determined what design would give maximum value for our investment, preliminary work suggests that a simple ODA based upon the existing BOA could yield a number of benefits. In the longer term, a mor e sophisticated ODA could support some of the mor e advanced featur es of object databases and enhance the integration of these capabilities.

ODBMS

C/C++ API

Storage Manager Interfaces

Storage Managers

Server Objects ODA

Object Storage in Project DOE 13

Status

Objectivity has agr eed to design and build an ODA to interface the Objectivity/DB pr oduct with the ORB. V ersion 1 of the ODA will use the existing SunSoft BOA and all of the work will be done outside of SunSoft. SunSoft will publish the ODA API so that other vendors can adapt it to their products. At this time, no design documents ar e available fr om Objectivity .

The essence of ODA V ersion 1 would be a mechanism allowing object IDs used by the database to be “wrapped” in a ORB object r eference. This wrapper allows an application to hand out r eferences to its database objects for invocation (r emotely or locally) thr ough the ORB. It allows r eferences to database objects to be stor ed in a non-database application or in another vendor's database system.

Procedur es in our ORB libraries allow a customer to stor e a limited amount of application-defined data inside of objrefs; this capability can be used to hold the object IDs needed by the database system. When the object is later invoked, a “router” pr ovided by the object database system can be invoked to find and initialize the object's state when it is invoked, given the object ID information.

For ODA Version 1, the object would always be invoked on a specific machine. The machine and r outing pr ocess would be specified when an object database registers with the ODA.

Running in the client pr ocess is mor e complex to support due to security , data integrity , and concurr ency contr ol issues. ODA V ersion 2 will permit the server objects to be invoked in the client's addr ess space, utilizing the object database's capability to cache data and r un r emotely . ODA Version 2 will probably be built using the Library Object Adaptor technology that SunSoft plans for a later r elease of the ORB.

When to Use

There are several potential benefits of an ODA, the most important of which is that ODBMS and the ORB can be used as complimentary technology longterm:

14 SunSoft — April 1994

1. SunSoft customers will find it easier to use object database pr oducts in conjunction with the ORB (including customers that start with one of these products, then want to use the other pr oduct). This compatibility makes the ORB attractive r elative to other ORB implementations, and makes it mor e likely that users of object databases will try using the ORB as well.

2. The effort leverages development investment in ORB technology and tools.

3. The ODA allows customers to use both an object database and the ORB, as appr opriate. The customer may utilize the r espective str engths of both these technologies.

4. The ODA and ORB lay the gr oundwork for a multi-vendor heter ogeneous distributed database system.

Summary

There are a variety of ways to stor e and access object data in the DOE envir onment. SunSoft is working with partners to pr ovide customers maximum flexibility for object-granularity data storage including access through the PSM, a C/C++ object database interface, an IDL object database interface, and an ODA.

To facilitate definition of a C/C++ object database interface, SunSoft is working in conjunction with the ODMG to standar dize on interfaces to object databases; the query language, the object model, and the pr ogramming language bindings. The goal is to make it possible to write pr ograms that can work with any of the object database pr oducts.

SunSoft, Inc. 2550 Garcia Avenue Mountain V iew, CA 94043

For mor e information, call 1 800 227-9227.

Printed in USA 4/94 93382-002