
~THE COMPUTER SOCIETY 
~OF THE IEEE 

+ THE INSTITUTE OF ELECTRICAL 
•••• AND ELECTRONICS ENGINEERS, INC. 

\\ \\\u \‘_-l- m n p./.’

\m6“: ‘II/ (“1/ I!” _

“\WQMCmm M

THE COMPUTER SOCIETY THE msm'urzos ELECTRICAL soc-um
OF THE IEEE m mo ELECTRONICS emnussns. mc. mess

 
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

cmillevi
Text Box
IBM Ex. 1006

https://www.docketalarm.com/


The papers in this book comprise the proceedings of the meeting mentioned on the cover and title 
page. They reflect the authors' opinions and are published as presented and without change, in the 
interests of timely dissemination. Their inclusion in this publication does not necessarily constitute 
endorsement by the editors, Computer Society Press of the IEEE, or The Institute of Electrical and 
Electronics Engineers, Inc. 

'?J.y/&~ 
OVGR_ 
QP-
7 . cr 
03 
1 7'1-

Published by Computer Society Press of the IEEE 
1730 Massachusetts Avenue, N.W. 

Washington, D.C. 20036-1903 

Cover designed by Jack I. Ballestero 

Copyright and Reprint Permissions: Abstracting is permitted with credit to the source. Libraries are 
permitted to photocopy beyond the limits of U.S. copyright law for private use of patrons those articles 
in this volume that carry a code at the bottom of the first page, provided the per-copy fee indicated in 
the code is paid through the Copyright Clearance Center, 29 Congress Street, Salem, MA 01970. 
Instructors are permitted to photocopy isolated articles for noncommercial classroom use without fee. 
For other copying, reprint or republication permission, write to Director, Publishing Services, IEEE, 345 
E. 47th St., New York, NY 10017. All rights reserved. Copyright © 1988 by The Institute of Electrical 
and Electronics Engineers, Inc. 

Computer Society Order Number 827 
Library of Congress Number 87-83477 

IEEE Catalog Number 88CH2550-2 
ISBN 0-8186-0827-7 (paper) 

ISBN 0-8186-4827-9 (microfiche) 
ISBN 0-8186-8827-0 (case) 

Order from: Computer Society of the IEEE 
Terminal Annex 
Post Office Box 4699 
Los Angeles, CA 90080 

SAN 264-620X 

IEEE Service Center 
445 Hoes Lane 
P.O. Box 1331 
Piscataway, NJ 08855-1331 

Computer Society of the IEEE 
Avenue de Ia Tanche, 2 
B-1160 Brussels 
BELGIUM 

• THE INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, INC. 
11!1!1! 

ii 

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/
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NCR Corporation 
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3325 Platt Springs Road 
West Columbia, S.C. 29169 

ABSTRACT 

An integrated data dictionary for a rela­
tional DBMS provides a centraliZed mana~e­
ment environment for maintaining informatiOn 
about the data in the database relations. How­
ever, current relational data dictionaries do not 
provide adequate facilities for the capture and 
representation of high-level semantic information 
about the enterprise whose data is stored in the 
tables of the database. This paper describes an 
approach for enhancing an integrated relational 
data dictionary in order to capture and faithfully 
present this high-level enterprise schema in a 
form which can be incorporated directly into the 
relational database system. The approach, 
referred to as EDICT, allows for the specifica­
tion of the enterprise schema for a database as 
an extension of the data dictionary by storing the 
schema as a set of normalized tables. In addi­
tion, it facilitates more effective use of existing 
data dictionaries by providing an extended 
meta-schema which describes the structure and 
use of the dictionary itself. 

1. lNTRODUCflON 
It has been more than fifteen years since the rela­

tional model was first introduced [CODD70], and in that 
time, many commercial DBMS products built around this 
model have become powerful tools for defining and 
managing data of interest to an organization or enterprise. 
Most, if not all, commercial products provide facilities for 
data acquisition (via forms), data management (via data 
dictionary) and data reporting (via reports). 

The data dictionary is arguably the most important 
facility of a DBMS in that it provides the capability of 
managing and maintaining the consistency and inte~rity of 
the data stored in the DBMS, as it is used and modified by 
a number of users simultaneously. For a given DBMS, a 
data dictionary generally provides data about both the logi­
callevel as well as the physical level. 

However, the data dictionaries of most commercial 
products are somewhat lacking in terms of the scope and 
the ~e of data that is made available for use in managing 
the mformation stored. First, many of the semantic con­
straints which are captured in the enterprise domain 
model are lost in the conversion to the DBMS schema 
tables. Second, most data provided by the data dictionary 
is useful for the system to manage the current state of the 
database, but is not much help in assisting the user in 
managing the underlying data model, or schema, as its 
evolves over time. Thus, the user or administrator must 
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handle all schema mana~ement outside of the DBMS 
environment and then mcorporate changes manually. 
Third, for existing databases, the facilities for querying the 
data dictionary are limited, in that its internal structure, 
function, and use are opaque to the user; however, there 
are many instances when a user or application would like 
to query information about the dictionary catalogs them­
selves, and not what is in them. 

This paper presents an enhanced data dictionary facil­
ity, known as EDICT, which captures and represents addi­
tional knowledge of interest to the database user. EDICT 
is integrated into the DBMS, utilizes a single representa­
tional framework for capturing multiple levels of 
knowledge about the database, and utilizes a single query 
language to access its tables--that which is supJ.>orted by 
the DBMS (e.g., SQL). In addition, this paper Will discuss 
these extensiOns in the context of an information.architec­
ture which incorporates multiple levels of information into 
the enhanced dictionary. 

The basic premises for this examination of an 
enhanced data dictionary are: 

1. to provide extended representation capabilities 
to existing data dictionaries in commercially 
available products; 

2. to allow knowledge about the enterprise schema 
to be captured and represented directly in the 
database itself, having the ability to be examined 
and utilized; 

3. to allow knowledge about the structure and 
inner workings of the data dictionary to be cap­
tured and represented directly in the database; 

4. to provide an environment for developing 
loosely-coupled knowledge base management 
systems (KBMS) which provide for the intelligent 
management and control of data and knowledge 
about data; and, 

5. to provide an environment, facilitated by the 
data dictionary, where the database design 
activity can be carried out by computer. 

The remaining sections of this paper are organized as 
follows. Section 2 discusses the data dictionary concept as 
applied in current commercial and research systems 
relevant to this paper. Section 3 presents the EDICT 
architecture and its components. Finally, the !aper 
presents an example database application an the 
corresponding schema tables under EDICT. 

The discussion in this paper will use the 
ANSI/SP ARC DAFTG database model as a point of 
reference for this discussion. In addition, the schemata 
presented are defined in terms of the E-R data model. It 
Is assumed that the reader is familiar with both. 
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2. THE DATA DICfiONARY CONCEPT 
The data dictionary has been discussed in [ATRESOJ, 

[HAWR85], and other sources, as a repository for data, 
from both logical and physical levels of the database sys­
tem. This information 1s useful in describing the contents, 
organization and use of data stored in the database. 

However, one major aspect for the use of the data 
dictionary is during the schema design process [TSIC82, 
KAHN85, JARK86J. Here, the data dictionary is used to 
document functions and data classes, along with relation­
ships and behavior of data in the enterprise. This is useful 
for purposes of more effective communication among 
designers, users, and administrators. Most data dictionaries 
do not directly support this activity. 

There has been much work in the area of extending 
the ideas of what information can and should be captured 
in the data dictionary, and how this additional information 
can be used. 

The basic premise for most work in this area involves 
the definition of multiple levels of abstraction, with distinc­
tions between data, meta-data, schema, and meta-schema. 
Generally, the descriptions at the higher levels defines the 
structure of the level just below it; i.e., a level is the inten­
sion and the level below it is the extension. The most not­
able work in this area is the proposed ANSI/SP ARC 
reference model for DBMS architecture [BURN86]. 

The ANSI/SPARC DBMS reference model, pro­
posed by the batabase Architecture Framework Task 
Group (DAFTG), presents a multilayered architecture for 
descnbing the definition and use of data in a DBMS. The 
description of data is at four levels--application data, appli­
cation schema, data dictionary schema, and data model 
schema--where each level is the extension (i.e., the "data") 
of the level above it and is the intension (i.e., the 
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"schema") of the level below it. Furthermore, the levels are 
self-describing, in that each level's intension is itself stored 
as part of its extension. This is presented in the context of 
te ANSI/SP ARC 3-schema architecture. 

This architecture is referenced and used in [MARK83, 
MARK87], where the management of metadata is handled 
by defining operators which facilitate dynamic modification 
of the data and schemata via changing the contents of the 
corresponding intension descriptions. 

The EDICT approach is very similar to the DAFTG 
architecture; in fact, it conforms to it where appropriate. 
The major distinction between DAFTG and EDICT is 
that (as will be shown) the DAFTG model doesn't concern 
itself with data and schema descriptions which are outside 
the context of the DBMS environment. The EDICT archi­
tecture is primarily concerned with incorporating the 
enterprise schema into the data dictionary. The enterprise 
schema is independentof any DBMS implementation and, 
as such, is an enhancement to the DAFTG architecture. 

A similar approach to DAFTG is presented in 
[GOLD85] for IRDS, which is also a multilevel self­
describing data architecture. Other ideas for the inclusion 
of semantic information into the definition and manage­
ment functions of a data dictionary are presented in 
[BRAT83, MART83, RUSP83]. EDICT shares the same under­
lying representation for schema modeling--the Entity­
Relationship Data model [CHEN76]. 

3. ARCHITECfURE 
EDICT is a multilayered architecture for facilitating 

the development and management of information in a 
relational DBMS; however, the architecture is generic 
enough such that it could be applied to other types of 
DBMS's. 
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Figure 1. EDler Architecture and Components 
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EDICT is defined as enhancements to existing rela­
tion3'-~ data dictionary f3'-cilities! through the definition of 
addittonal schemata which are mtegrated into the diction­
ary proper. 

FT' re 1 presents the architecture, which has horizon­
tal an vertical dimensions. The horizontal dimension 
~bows the flow of knowledge during the process of design­
mg a database--from the acquisition of enterprise 
knowledge into an enterprise schema (such as can be 
developed using the E-R model), through the mapping to 
the conceptual schema (which is the relational model) to 
finally mapping to the internal schema (which is the under­
lying storage structures and indexes). 

The vertical dimension shows the levels of abstraction 
between data and the associated schema which defines its 
structure, a.t the level just above it. The conceptual 
schema defmes the structure of the enterprise which is 
capable of bein~ rep~esented in the u~derlying relational 
data model. It IS denved from a mappmg of the enterprise 
schema (e.g., an E-R diagram) according to a methodol­ow such as [DUMP81, BONN84]. The E-R model is not 
directly represente~ in the DBMS, but its mapping to the 
conceptual schema IS. 

The descriptions of the conceptual schema are kept in 
the dictionary schema (i.e., data dictionary or system cata­
logs). The dictionary schema contains data about the con­
ceptual, internal, and external schemata (the applicability of 
~he ~~erntfl schema is ~ot considered in this paper, but is 
1mphc1tly mcorporated mto the EDICT architecture). 

l!P to this point, the EDICT architecture is compati­
ble w1th DAFfG, but now EDICT makes a distinction 
between the dictionary schema and the dictonary meta­
schema. The dictionary meta-schema contains data which 
de~ines the structure and use of the dictionary schema. 
Th1s goes beyond the notion of having a self-describing 
schema, but it may be a matter of interpretation as to 
whether the dictonary meta-schema should be a distinct 
level or not. However, there is considerable value in hav­
ing this meta-schema available for query by users or afpli­
cations (RTI85), such that the structure and definition o the 
data dictionary can be understood. 

It should be noted that the DAFfG's data model 
schema level is not covered in this paper, but is implicit in 
the EDICT architecture. Most commercial data dic­
tionaries incorporate some portion of this schema (i.e., 
capturing portions of the relational semantics in the rela­
tional tables of the data dictionary). 

However, a schema which is more useful, under the 
premises discussed at the outset of this paper, is that of 
the enterprise meta-schema. This schema allows the 
"essence" of the enterprise schema, captured in a OHMS­
independent semantic data model (such as the E-R 
model), to be represented and preserved in the underlying 
DBMS data model. 

Thus, the EDICT architecture could be considered a 
subset as well as a superset of the DAFfG reference 
model--a subset in that It deals explicitly with most of the 
components of the intension-extension dimension, and a 
superset in that it defines an additional level in the point­
of-vie~ dimension for the modeling of the enterprise 
domam. 
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In the following descriptions of the EDICT com­
ponent~, t~e E-R data model is used to represent the 
semantic mtent of each of the schemata. With each 
schema, t~e E-R representation is mapped to its 
correspondmg representation in the relational model. The 
schemata presented are by no means complete but are 
shown with enough detail to illustrate the concept~. 

~t should be . noted, as a general principle, that the 
relattonal model IS less expressive than the E-R model 
and, as such, cannot retain the full semantic intent from 
the E-R model--thus, information is lost in the mapping. 
In the context _of EDICT, the enterprise meta-schema 
serves the functton of preserving some of these semantics 
which would otherwise be lost. 

3.1. Enterprise and Conceptual Schemata 
. . The en!erprise sche~a captures the objects and asso­

CIB;tions whtch are 9f mterest to the S_{>ecific enterprise 
bemg modeled. In this paper, the enterpnse modeling pro­
~edure is used to capture information about the enterprise 
m te~ms ~f the cons~ructs of th~ E~R model--entity sets, 
relattonsh1p sets, attnbutes, cardmahty, etc. The enterprise 
schema is 3: ~epre~entation whic_h .is independent of any 
DBMS-specific enVIronment. This IS mapped to a specific 
DBM~ environment via the logical data model supported­
-relattonal tables. The enterprise schema exists as data in 
the enterprise meta-schema tables of the supporting 
relational DBMS. The schema shown in Figure 2 is for a 
food-coop example discussed in the next section. 

Figure 2. E-R Model of Enterprise Schema 

The enterprise schema is mapped to a relational 
schema, which is the conceptual schema for a relational 
database. In a DBMS environment, the relation schemes 
are created, and the user must enter the data instances. 
The relational schema for Figure 2 is shown below: 

SUPPLIERS(~. ADDR) 
ITEMS( INAME) 

MEMBERS(~. MAD DR, BALANCE, SPOUSE_ MNAME) 
DELIVER( SNAME, ~. PRICE) 

ORDER( MNAME, INAME, ORDER _NO, QTY) 
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