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Letter from the Guest Editor

This issue of the Database Engineering Newsletter is devoted

to the topic of Design Data Management, i.e., how to apply tradi

tional database system techniques to the new applications area of

the design environment. We have reports of current research from

five groups in Academia and Industry: Boeing Computer Services,
I.B.M. Research at San Jose, Stanford University, U.C. Berkeley,
and the University of Wisconsin—Madison.

The papers fall into three categories. The group from Boeing
describe their design environment and its data management

requirements, from the viewpoint of the CAD applications builder.

The papers from I.B.M. and Wisconsin describe systems to support
design data being built by database people. The remaining two

papers, from Stanford and Berkeley, address the question of

whether conventional database systems can provide adequate per
formance for CAD applications. Interestingly enough, the two

groups come to very different conclusions!

In reading these reports, one is immediately struck by two

common themes: support for hierarchically constructed design
objects (e.g., “composite objects”, “complex objects”, “ragged
relations”, “design hierarchy”), and the pervasive need to keep
accessing costs “reasonable.”

All of these papers are snapshots of works—in—progress. We

are just beginning to understand the problems and how they map
into database system structures. We are far from solving all of

them. Design data management is beccming an important area of

database research as we enter the mid—1980s.

Yours truly,

J~1
Randy H.

Madison, in
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Engineering Data Management Activities

Within the

IPAD Project

H. R. 3ohnson

D. L. Bernhardt

Boeing Computer Services

Seattle, Washington

ABSTRACT

In this paper we summarize the research and development in engineering data base

management systems by the IPAD project at the Boeing Company.

1.0 Introduction

In 1976 NASA awarded the Boeing Company a contract to develop IPAD (Integrated
Programs for Aerospace-Vehicle Design). The specific goal of IPAD was to increase

productivity in the United States aerospace industry through the application of

computers to manage engineering data. The contract included a requirement for Boeing
to form an Industrial Technical Advisory Board (ITAB) to guide the development of IPAD

i] .
Members of ITAB represent major manufacturing (aerospace and other) and

computer companies. NASA, Boeing, and ITAB have worked together since that time to

analyze engineering design methodologies; to establish requirements for integrated,
computer based systems for managing engineering data, and develop software to

demonstrate these concepts. Results have included development of the RIM and IPIP

data base management systems and a network facility for mu1ti-~st intertask

communication. IPAD documentation and software is in the public domain. ee2] for a

comprehensive discussion of IPAD objectives and products.

2.0 Requirements for Engineering Data Management

Early in the IPAD contract, the engineering design process was analyzed and a number of

requirements for engineering data management were identified. This work was

documented n3 , 4]. The following briefly summarizes these requirements.

Some of the more obvious requirements included: a FORTRAN interface; support for

scientific data types for both scatar and non-scalar (large matricies) attributes; selection

and projection of data with respect to specific elements in matricies; support for

defining and manipulating geometry data and interfacing this with design drafting and

graphic display systems.

Multiple levels and styles of data description are required to provide for differing data

requirements and for data independence to support a variety of users in a dynamic
environment. Specifically, the network and relational data models are required.

‘This work is funded under NASA contract NASI-14700.

2Correspondence may be addressed to the IPAD Program Management Office, The

Boeing Company, P. 0. Box 24346, Seattle, WA 98124, M/S 73-03
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Support is required for dividing a data base into logical partitions, each containing data

associated with an engineering task. A logical partition, referred to in the following as a

“data set”, may include tuples/records from one or more relations/record types. A

relation/record type may span data sets. Facilities must be provided to restrict access

to data sets.

The data manager must also support user description of data sets. This meta-data may

include information such as sources, uses, time of creation, and the quality of data in the

data set. The data manager must support user access to this meta-data.

Versioning of data sets is required to support the iterative nature of the design process.

The data manager must provide for efficient access to versioned data sets while

minimizing physical redundancy across versions. Comparative analysis of versions of a

data set should be supported, along with facilities for tracking the history of change to a

particular design.

A mechanism must be supported to release (approve or sign off) a data set and to insure

that it cannot be changed once released. New versions may be created and modified to

record design changes.

Long term archival of data sets must be supported by the data manager. Archived data

sets must be available upon user demand. Data describing archived data sets must be

available for online perusal.

The data manager must support interactive retrieval and update to support interactive

design and ad hoc queries.

The data manager must support distributed processing in a loosely coupled network of

heterogeneous machines so that data may be communicated between geographically
dispersed divisions of the same firm as well as firms which have received subcontracts

for portions of the design work. The data set is one natural unit of transfer within the

network.

A uniform interface to system facilities should be provided to facilitate learning and use

of the system and communication with other users.

To support the total CAD/CAM environment, the data manager must also provide
support to manufacturing in the traditional sense in terms of providing support for shop
scheduling, material requirements planning, inventory control of finished goods, and the

accounting function. It must also provide for the generation of machine tapes to aid in

the transfer of the design which exists in the data base to the tools which will machine

the parts of the designed product. See 5] for a more complete description of these

requirements.

Finally, the data manager must provide capabilities to support project management.
This should include triggering on user meta-data so that the creation of data sets may be

scheduled and progress monitored by the system.

3.0 The RIM Data Base Management System

The RIM (Relational Information Managment) data base management system was

developed on the IPAD project to explore relational data base concepts prior to the

development of IPIP. RIM has been enhanced by the University of Washington and The
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Boeing Company in cooperation with ITAB and the IPAD Project.

A RIM data base may be accessed in read mode by multiple users. Access to the data

base is restricted to single user, when it is opened for update.

RIM supports a single level of data definition. Relations are organized into schemas.

Schema definition may be entered and modified interactively through a menu interface.

Rules on data relationships within and between relations may be declared. Rules can be

used as constraints, although the user may turn rule checking off and on.

RIM provides several scientific support capabilities with its matrix, vector, and real data

types. It also supports a tolerance capability which supports qualification by user-

specified approximation of equality.

RIM offers both algebra-level (including join) and calculus-level (excluding join) data

manipulation commands through an interactive interface, along with facilities for

formatting retrieved data. RIM supports the calculus-level data manipulation commands

for FORTRAN programs via subroutine calls.

RIM is written primarily in FORTRAN 66, but will compile in FORTRAN 77. It is

available on several hosts: CDC, UNIVAC, VAX, and PRIME. More than 130 copies of

RIM have been supplied to universities and corporations. RIM is used on a daily basis in

many of these organizations.

4.0 The IPIP Data Base Management System

The IPIP (IPAD Information Processor) data base management system is intended to

manage engineering data over time through CAD and CAM environments. To this end,

IPIP supports multiple data models, multiple levels of schemas, and concurrent, multiple

user access through multiple application interfaces in a distributed environment.

Scientific data types and arrays are supported. Composite objects called structures,

which may consist of multiple tuples from multiple relations, may be declared and

manipulated as entities to manage geometry and other scientific data. Data may be

partitioned logically into data sets to support concurrent access, versioning, releasing,
and archival procedures. See 6]for a general description of IPIP.

IPAD has developed a general purpose network facility for intertask communication in a

hetergeneous distributed processing environment. The IPAD network has been

implemented in accordance with ISO specifications of layered protocol. Access to IPIP

and IPIP-managed data is via this network. See 7] for a general description of the

network facility. IPIP and the network are written primarily in Pascal.

1PJP is in early stages of release and consequently is in an evolutionary state. For

example, the latest version of IPIP supports some of the locking aspects of data sets, but

not versioning, releasing, or archival; and initial facilities for the declaration and

manipulation of structures are in integration testing. Application interfaces are limited

to FORTAN programs. IPIP proper, its schema compilers, and CDC and DEC FORTRAN

precompilers execute on CDC CYBER series machines operating under the NOS

operating system. DEC VAX 11 FORTRAN programs against the CYBER-resident data

base may be submitted via the IPAD network from a VAX 11/780 (operating under the

VMS operating system) and then executed on the VAX, DML commands being forwarded

to the CYBER for execution and results being returned via the network to the VAX.
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Application programs submit and receive data in native machine representation.
Currently, IPIP is executing only in a test environment at the Boeing IPAD site.

4.1 Compliance With Standards

One major objective of IPIP has been compatibility with specifications for data

definition and manipulation languages which seem to be leading to a standard. It was

felt that this approach would take advantage of previous work and tested constructs,

would facilitate migration between standard compliant systems and IPIP, and should

facilitate incorporation of IPIP extensions into standards.

Given the work of CODASYL and ANSI committees and the relationships between these

committees, and given the engineering requirement for a FORTRAN interface, the IPIP

Logical Schema Language (LSL) was based upon a subset of the 1978 CODASYL DDL 8]
and the IPIP Data Manipulation Language (DML) was based on a subset of the 1978

CODASYL FORTRAN DML 9] .
Extensions and departures from these specifications

were made in some instances. Some of these are discussed in the following sections.

4.2 Integration of User Interfaces and Capabilities

Integration has been a major objective of IPIP: integration of user interfaces and

integration of capabilities. A single Logical Schema Language (LSL) and Data

Manipulation Language (DML) supports both the relational and network data models and

applications, be they interactive or written in one of several programming languages.
The LSL is used at both the conceptual and external levels of data definition ioJ .

The

Internal Schema Language (ISL) resembles the LSL as nearly as possible. Scientific

features such as the structure-defined composite objects for geometry are integrated
with other data mangement capabilities.

Most aspects of data definition and data manipulation are invariant or are very similar

across data models, application environments, and logical and physical descriptions. The

DATA MODEL clause in the LSL determines which data model specific constructs (e.g.,
CODASYL set or relational foreign key) may be used in a particular schema. Relational

model specific constructs resemble corresponding network constructs. The HOST

LANGUAGE clause in the LSL and ISL specifies which host language rules must be used

in a particular schema to name relations and attributes and to specify data types.
(Alternate, host-independent names may be specified for readibility.) An application
treats both a simple object and a structure-defined composite object in the same way

(i.e., as a relation/record).

The advantages of this integration are several: less language to learn for users of

multiple data definition and/or data manipulation environments; uniformity of semantics

across environments; access to common data at any level of logical schema through any

IPIP-supported data model or application environment; support for the shop where just
one data model and/or application environment is desired; availability of capabilities
traditionally ascribed to one environment in other environments; commonality in

implementation supporting multiple environments.

4.3 Data Architecture
~

By data architecture we mean the framework for configuring data definition and data

manipulation. Data definition for IPIP is organized into schemas, which may be tied

together to provide data independence and various views of data. Data manipulation
commands appear in application programs and interactive sessions.
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There are three types of IPIP schemas: internal, logical, and mapping. The IPIP internal

schema corresponds to the internal schema of the ANSI DBSG 10] and the storage
schema of the CODASYL DDLC s] .

IPIP logical schemas correspond to ANSI

conceptual and external schemas and also to CODASYL schemas and subschemas. The

IPIP mapping schema is used for mapping between schemas of the other two types.

An IPIP data base is described by a single level of internal schemas and one or more

levels of logical schemas mapped to underlying logical and/or internal schemas. An

application program or session may be formulated against logical schemas at any level.

Logical schemas can be configured in the ANSI and CODASYL tree structure

arrangement to provide for centralized definition of a data base through a

comprehensive, base—level logical (conceptual) schema.

Multiple tree configurations of logical schemas can be coupled by mapping one logical
schema to multiple logical schemas or by invoking multiple logical schemas in a single
application program or session. This provides for decentralized definition of a data base

or of a federation of data asesll]. This coupling capability may be used for a variety
of purposes ranging from integration of existing data bases with minimal change to data

definition, to decentralization of data administration over multiple clusters of shared

and/or private data.

The ability to vary the depth of logical schemas supports control of data independence
over a data cluster. The ability to couple logical schemas horizontally supports control

of independence of data and data administration across data clusters -additional

dimensions of independence. Data independence is enhanced in both cases by the use of

mapping schemas, since change often involves only interschema mappings.

JPIP provides for pre-runtime binding of programs and logical schemas. Programs may

be bound at runtime regardless of whether underlying schemas have been bound.

Together, the richness of the IPIP data architecture along with IPIP binding options
permits tradeoffs between degrees of data independence and the overhead of creating,
maintaining, and referencing data description.

4.4 Support for Multiple Data Models

The IPIP LSL and DML support both the relational and network data models. These

languages were based on subsets of the 1978 CODASYL DDL and FORTRAN DML

specifications. Included were those CODASYL constructs supporting sets for which

relationships are determined by states (value or null) of corresponding attributes in

owner and members. Constructs specific to other set selection criteria were excluded.

Inclusion of some constructs (e.g., for set ordering and for multiple member types) was

deferred for one reason or another.

The CODASYL INSERTION and RETENTION clauses which specify constraints on

association/disassociation of members with/from owners were retained and extended

with respect to the handling of null attributes and dovetailed with an IPIP extension

(MEMBERSHIP clause), which provides for member records to be put into ownerless

‘potential’ set occurrences and to be associated automatically by IPIP with an owner

when it is created as well as providing for the CODASYL option where owner must exist

whenever member does (referential integrity in relational terminology). IPIP extensions

include explicit clauses governing IPIP propagation (both from owner to member and
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member to owner) of record deletion. The CODASYL SOURCE clause which provides for

system propagation of item state from owner to member was extended to provide for

bidirectional propagation.

For more direct support of the relational data model, a FOREIGN KEY clause was

included in the LSL using syntax which retained the relational flavor of the concept, but

paralleled set syntax. Clauses were included to specify insertion, retention, and

membership options in terms of item states. Propagation of record (tuple) deletion and

item state may be specified relative to foreign keys as well as to sets.

The IPIP DML provides for operations relative to foreign keys (by name) paralleling
CODASYL operations relative to sets. A WHERE phrase was incorporated into the IPIP

FIND, FETCH, MODIFY, and DELETE commands to support specification of more

general conditions for calculus-level operations. Relation name in a DML command may

be qualified by a cursor name to support program definition of multiple relations,

concurrently, over a single schema-defined relation.

A DATA MODEL clause was included in the LSL to govern which data model dependent
constructs (i.e., set, foreign key, or both) may be used in a particular schema.

‘RELATION’ and ‘RECORD’ are treated as synonyms in IPIP languages, and may be used

interchangeably regardless of data model specified. A DOMAIN clause, which was

included in the LSL and ISL to provide for user-declaration of data types, may be used

with either data model. And it is intended that in future releases of IPIP that regardless
of data model specified, DML commands across relations (records) may be expressed
either in the CODASYL style of referencing schema-declared relationships (e.g., FETCH
items of A, items of B VIA (name of) schema-declared set or foreign key relating A and

B; where a1=b1, ... an=bn is the criteria defining that relationship) or in the relational

style of in-line specification of relationship criteria (e.g., FETCH items of A, items of B

WHERE a1=b1, ... a~=b~). The full relational join is not available at this time.

The unified approach to support for the network and relational data models is described

more fully in 6, 12].

4.5 Other Scientific Capabilities

Currently, attributes of IPIP relations may be integer, real, character, or boolean scalars

or arrays. Selection and projection on individual elements of an array is not supported at

this time.

Initial capabilities for data set partitions of a data base are supported. A data set is

declared implicitly on first user access. Data set intersections with relations are the

units of locking data for read/update. Access by data set is supported by IPIP indexing
(B-tree). IPIP indexing and address conversion structures have been designed to support

access to versions of data sets while minimizing physical redundancy of data across

versions. Data sets may be used in specifying data to be processed by a prototype

facility for transferring data between IPIP and RIM data bases.

Composite objects called structures are supported to manage geometry and other

scientific data. A structure is defined in a logical schema to consist of tuples from a

tree or network of relations as related by foreign keys. A structure may also be defiiied

in terms of records and sets. A relation/record in one logical schema may be mapped to

a structure in another schema. Such a relation/record is said to be structure-defined. A

structure is manipulated (retrieval and update) as an entity through operations on a
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