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NOTICE: The project that is the s ubject of this report was approved by the 
Governing Board of the National Research Council, whose members are drawn from 
the councils of the National Academy of Sciences, the National Academy of Engi
neering, and the In stitute of Medicine. The members of the committee responsi
ble for the report were chosen for their spe cial competencies and with regard 
for appropriate balance. 

This report ha s been reviewed by a group other tha n the authors according 
to procedures approved by a Report Review Committee consisting of members of 
the National Aca demy of Sciences, the National Academy of Engin eering, and the 
In stitute of Medicine. 

The National Research Council was established by the National Academy of 
Sciences in 19 16 to associate the broad community of science and technology 
with the Academy's purpo ses of furthering kn owledge and of advising the federal 
government. The Council operates in accordance with general policies deter
min ed by the Aca demy under the authority of its congres sional charter of 1863, 
which establishes the Academy as a private, n onprofit, self -governing member
s hip corporation. The Council ha s become the principal operating agency of 
both the National Academy of Sciences and the National Academy of Engineering 
in the conduct of their ser vices to the govern ment, the public, and the scien
tific and engineering communities. It is administered jointly by both Acade
mies and the In stitute of Medicine. The National Academy of Engineering and 
the Institute of Medicine were establis hed in 19 6 4  and 1970, respectively, 
under the charter of the National Academy of Sciences. 
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Funding for the FCC program was provided through the following agreements 
between the indicated federal agenc y and the National Aca demy of Sciences: 
Department of Commerce Contract No. 50SBNB5C3528; National Endowment for the 
Arts Gra nt No. 42-4253-0091 ; the National Aeronautics and Space Administration 
Contract No. NASW-4029; National Science Foundation Grant No. MSN-8501109 , 
under master agreement 82-05615; and U.S. Postal Service gra nt, unnumbered. 

For in formation regarding this document, write the Executive Director, 
Building Research Board, National Research Council, 2101 Constitution A ven ue, 
Washington, DC 20418. 

Printed in the United States of America 

Copyright © National Academy of Sciences. All rights reserved.

Report From the 1985 Workshop on Advanced Technology for Building Design and Engineering
http://www.nap.edu/catalog.php?record_id=19237

http://www.nap.edu/catalog.php?record_id=19237


Chairman 

BUILDIMG RlSEARCB BOARD 
1985-86 

GEORGE S .  JENKINS, President, ConsUltation Networks Inc. , Washington, 
D. C. 

Members 
ROSS B. COROTIS, Chairman, Civil Engineering Department, Joh ns Hopkins 

University, Baltimore, Maryland 
RAY F. DeBRU HL, Director, State Building Division, Department of 

Administration, Raleigh, North Carolina 
RICHARD B. DeMARS, Chairman, Geupe 1-DeMars Inc. , Indianapolis, Indiana 
DAVID R. DIBNER, Senior Vice President, Bernard Johnson, Inc. , 

Bethesda, Maryland 
ROBER T C. DOBAN, Senior Vice President, Owens-Corning Fiberglas 

Corporation, Toledo, Ohio 
EZRA D. EHRENKRANTZ, President, The Ehrenkrantz Group, New York, New York 
DENOS c. GAZIS, Assistant Director, Semiconductor Science and Technology, 

IBM Research Center, Yorktown Heights, New York 
JOHN T. JOY CE, President, International Union of Bricklayers and Allied 

Craftsmen, Washington, D.C. 
RICHARD H. JUD Y, Director, Dade County Aviation Department, Miami, Florida 
FREDERICK I<R.IMGOLD, Associate Dean for Research and Extension, Virginia 

Tech, Alexandria 
ROBER T P. MARSHALL, Turner Construction Company (Ret. ), Vero Beach, 

Florida 
RICHARD L. TUCKER, Director, Construction Industry Institute, The 

University of Texas, Austin 
RALPH WIDNER, Executive Director, Greater Philadelphia First, 

Philadelphia, Pennsylvania 

iii 

Copyright © National Academy of Sciences. All rights reserved.

Report From the 1985 Workshop on Advanced Technology for Building Design and Engineering
http://www.nap.edu/catalog.php?record_id=19237

http://www.nap.edu/catalog.php?record_id=19237


COMMITTEE ON ADVANCED TECHNOLOGY POB. 
BUIIJ)IIfG DESIGN AND ENGilfEERDG 

Chairman 

JAMES H. BURROWS, Institute for Computer Sciences and Technology, 
National Bureau of Standards, Gaithersburg, Maryland 

Members 

HAROlD BORKIN, University of Michigan, Ann Arbor 
ALTON S. BRADFORD, Naval Facilities Engineering Command, Alexandria, 

Virginia 
H. LAWRENCE DYER, Control Data Corporation, Rock ville, Maryland 
RICHARD FIELD, General Accounting Office, washington, D. C. 
EDWARD POPKO, IBM, Kingston, New York 
SHIRLEY RADACK, National Bureau of Standards, Gaithersburg, Maryland 
KENNETH F. REINS CHMIDT, Stone & Webster Engineering Corporation, 

Boston, Massachusetts 
LEONARD SIMUTIS, Miami University, Oxford, Ohio 
ROBERT F. TILLEY, Computech, Bethesda, Maryland 

Liaison Representatives 

KIM BEASLEY, Veterans Administration, Washington, D. C. 
DONALD BOYLE, Food and Drug Administration, Rockville, Maryland 
LOUIS CHILDERS, U. S. Postal Ser vice, Washington, D. C. 
C. PATRICK DAVIS, U. S. Department of the Army, Atlanta, Georgia 
ROBER T J. FURLONG, u.S. Department of the Air Force, Washington, D. C. 
J. CARL GARRISON, National Aeronautics and Space Administration, 

Washington, D. C. 
JACK METZLER, U. S. Department of Energy, Washington, D. C. 
KEN T REED, National Bureau of Standards, Gaithersburg, Maryland 
DAVID SKAR, Naval Facilities Engineering Command, Alexandria, Virginia 
DWA INE WARNE, General Services Administration, Washington, D. C. 

Building Research Board Staf f 

JOHN P. EBERHARD, Executive Director 
PETER H. SMEALLIE, Project Director 
PATRIC IA M. WHOLEY, Administrative Assistant 
DELPHINE D. GLAZE, Administrative Secretary 
SHEILA A. DAVIS, Senior Secretary 

iv 

Copyright © National Academy of Sciences. All rights reserved.

Report From the 1985 Workshop on Advanced Technology for Building Design and Engineering
http://www.nap.edu/catalog.php?record_id=19237

http://www.nap.edu/catalog.php?record_id=19237


CONTENTS 

OVERV IEW 

1. DATA REQUIREMENTS FOR THE INTEGRATED DATA BASE 
(GROUP A) 

2. INTEGRATED PROJECT DATA BASE OONCEPI'UAL MODEL 
(GROUP B) 

3 .  A PR O POSAL FOR A PROIDTYPE DEMONS'IRATION OF AN 
INTEGRATED PROJECT DATA BASE ( GROOP C1) 

4 .  PR O POSAL FOR A DEMONS'IRATION B Y  COMMUNICATION 
(GROOP C2) 

APPENDIXES 

1 BIOGRAPHICAL BACKGROUND OF PARTI CIPANTS 

2 WORI<SHOP AGENDA 

3 PARTIAL GLOS SARY (DEVELOPED BY GROUP B) 

v 

Page 

vii 

1 

1 5  

27 

3 9  

41 

49 

53 

Copy r i gh t  ©  Na t i ona l  Academy  o f  Sc iences .  A l l  r i gh t s  rese rved .

Repo r t  F rom the  1985  Workshop  on  Advanced  Techno logy  f o r  Bu i l d i ng  Des ign  and  Eng inee r i ng
h t t p : / /www.nap .edu /ca ta log .php? reco rd_ id=19237

http://www.nap.edu/catalog.php?record_id=19237


Copyright © National Academy of Sciences. All rights reserved.

Report From the 1985 Workshop on Advanced Technology for Building Design and Engineering
http://www.nap.edu/catalog.php?record_id=19237

http://www.nap.edu/catalog.php?record_id=19237


OVERVIEW 

BACKGROUND 

Since 1982 the Commi ttee on Advanced Technology for Building Design 
and Engineering of the National Rese arch Council's Building Rese arch 
Board has been examining the potential for computer-based technologies 
in the building construction process. The purpose of the committee is 
to assess the long-range implications of how computer-based technolo
gies will affect future desi gn, construction and management of 
fa cUi ties. The committee's study was in response to a request from 
the thirteen agencies that comprise the Federal Construction Council 
to provide an informed assessment of the state of the art and its 
evolutionary direction. 

1983 WOODS HOLE WORKSHOP* 

The committee invited several other experts to join it at a work
shop held in August 1983 at the National Aca demy of Sciences Study 
Cent er in Woods Hole, Massachusetts. Participants at this first 
workshop, charse d with the challenge to develop a conceptual framework 
for the integration of computer-based technologies in the building 
process, fo und that "much valuable data associated with the design , 
construction and operation of a facility are lost during its life 
span. " The workshop participants stated that these lost data could 
potentially be used to improve the building process by providing the 
information needed for improving the per formance and responsiveness of 
future designs, and for bringing about a reduction in the life-cycle 
co sts associated with new facilities. The workshop concluded that 
ef forts should be made to explore the development of an integrated 
computer data base that would be available at all stages in the life 
of a building project. ** 

*Although the proper title of the workshops is Workshop on Advanced 
Technology for Building Design and Engineering, they are known to 
workshop participants and committee members as the ''Woods Hole 
Workshops. " 

**National Research Council, A Report from the 1983 Workshop on 
Advanced Technology for Building Design and Engineering, National 
Academy Press, Washington, D.C. , 1984. 
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1 9 84 WOODS JI)LE WORKSOOP 

This idea of an integrated computer data base became the core of 
the 1 9 84 Woods Hole workshop. As in 1 9 83 ,  the committee invited other 
experts to Woods Hole to focus on the concept�! framework of an 
integrated computer data base that spans the life cycl e of a building. 
Workshop participants gen erally agreed that there is a need for the 
development and impl ementation of an integrated project data base such 
as the model developed in F.lgure 1 .  
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FIGURE 1 Integrated project data base. 
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The integrated project data base will support all phases of the 
building project and will involve new ways of representing and 
exchanging data (such as building geometry and protocols for data 
exchange). The participants concluded that life-cycle cost considera
tions should provide the economic rationale for the building owner to 
invest in the development of an integrated project data base. The 
availability of an integrated projected data base makes it possible to 
have more efficient facilities manage ment that should result in savings 
to the building owner.* 

1 9 85 WOODS JI)LE WORKSHOP 

The 1 985 Woods Hole Workshop--the subject of this report-
addressed the developmental needs to formulate and construct an 

*National Research Council, A Report from the 1 9 84 Workshop on Advanced 
Technology for Building Design and Engineering, National Academy Press, 
Washington, D. C. , 1 9 85. 
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integrated project data base. The results of this exercise would be 
used to prepare a prototype for purposes of demonstration and research 
during 1 986 . 

To do this, the workshop focussed on the interface between the 
design/engineering phase and the construction phase. The passing of 
information from one phase to another has been likened to trying to 
pass information over a wall. Each participant has a distinct view of 
what is useful information. The archi teet and engi'neer place their 
intentions into drawings and specifications, not passing on the 
programmatic information that has led them to their decision. The 
contractor, representing the construction phase, must extract from 
these documents explicit (e. g. , materials and dimensions) and implicit 
(e.g. , square footages, undocumented construction details, and con
struction sequences) information for bidding and construction. Often 
the contractor must recreate information not explicitly stated (i. e., 
not passed over the wall), though possibly explicitly available at 
previous phases in the building life cycle. Of prime concern, however, 
is not the information that is explicit or can be recreated, but the 
information that is lost. 

The challenge presented to workshop attendees was to use the 
requirements for an integrated project data base developed in previous 
Woods Hole workshops to determine the data requirements and the con
ceptual representation of all data that pass through the integrated 
project data base. Chapters 1 and 2 of this report present the 
findings of the two working groups--Group A and Group B, respectively-
that examined these considerations. 

The group on ''Data Requirements for the Integrated Project Data 
Base" (Group A) took a user's perspective of the information needs for 
the data base. The group identified user data needs, developed rules 
for data inclusion and exclusion, identi fied users and uses of data, 
and listed incentives for users to update and use an integrated project 
data base. 

The group on "Integrated Project Data Base Conceptual Model" 
(Group B) focussed its ef forts on identifying required data base 
characteristics and exampl es of how these characteristics would be used 
by the building industry. The group constructed a model of the 
conceptual view of the data base, developed a data model sui table for 
implementing this conceptual view, and described the relationship 
between the conceptual view and its physical implementation. 

Chapt ers 3 and 4 of this report present proposals for different 
t ypes of demonstration projects. In Chapter 3 ,  the group on "Prototype 
Demonstration of an Integrated Project Data Base" (Group Cl) developed 
a proposal for demonstrating the concept of an integrated project data 
base by means of a prototype system. The prototype would represent and 
exchange data in such a way that, regardless of the hardware and 
softw are involved, information generated in one phase of a facility's 
deve lopment would be available in later phases of the process. 

Chapter 4 presents the findings of the group on "A Proposal for a 
De monstration by Communication" (Group C2). This group examined the 
need for communication of the usefulness of an integrated project data 
base to all potential users by deve loping a proposal for a video disk 
demonstration. 

ix 
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1 

DATA REQUIREMENTS FOR THE INTEGRATED DATA BASE 
(GROUP A) 

The working group on data requirements, Group A, was asked to 
explore the pragmatic information and knowledge necessary to describe 
an integrated project data base from the user's perspective. This 
section discusses the objectives of the integrated data base, the 
assumptions that would govern the user's view of an integrated data 
base, and the decision rules that would be applied to data for 
inclusion or exclusion in an integrated project data base. 

Members of Group A were: Len Simutis (chairman), Harold Borkin, 
Pat Davis, Jack Enrico, Robert Furlong, Ron King, William McCormick, 
John Metzler, Shirley Radack and Peter Smeallie. 

INTRODU CTION 

The 1984 Workshop on Advanced Technology for Building Design and 
Engineering identified the need for an integrated project data base 
that would support all phases of the building process and that would 
involve new ways of representing and exchanging data. Participants 
concluded that life-cycle cost considerations would provide the 
economic rationale for the building owner to invest in the development 
of the integrated project data base. This conclusion was based on the 
assumption that building owners would benefit by more efficient 
facilities management and thereby achieve cost savings. 

The 1984 workshop develope d a model of the integrated project data 
base that covered six phases in the life cycle of a building project 
(see Figure 1). According to the model, each phase of the process uses 
its own working files or private data bases. The integrated project 
data base bridges all six phases and contains information to support 
functions in more than one phase. Since the model and its descriptions 
were concerned primarily with the various processes that make up the 
overall building process, it was necessary to develop a description of 
the data base itself. 

This working group's charge was to develop the ideas and 
information that would provide the user's view of an integrated 
project data base. These ideas and information, blended with the 
other perspectives developed at the workshop, would help to guide the 
development of a demonstration integrated project data base in 1986. 

1 
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2 

ASSUMPTIONS 

As a framework for its discussion of the classes of data that 
would be included or excluded in the integrated project data base, the 
following assumptions were made: 

• Only necessary information would be contained in the integrated 
project data base. A great volume of data is collected and generated 
as a result of the building process. Many of these data are developed 
during one specific phase by one of the major participants in the 
process and may be lost, only to be recreated again by another 
participant. This was the significant factor driving the discussions 
held at the 1983 and 1984 workshops. However, some of the information 
collected may be of use in just one phase or of limited value during 
the life cycle of a building. Because the cost of collecting and 
storing this information would exceed the benefits of maintaining it 
in the integrated project data base, the group assumed that the data 
base would contain only the information that the facility owner or 
owner's organization decided was necessary and desirable to include. 

• The integrated project data base should be designed to be 
independent of specific software and hardware configurations. Computer 
technology and hardware configurations are changing rapidly. Owners 
of an integrated project data base would benefit from the ability to 
change hardware and software when less costly and higher performance 
systems become commercially available. Design of the data base should 
enable the owner to accommodate changing technologies and should allow 
for the adoption of new methods of data entry, improved computer-aided 
design techniques, and the widespread use of computer workstations and 
networks with different capabilities. 

• All of the data in the integrated project data base will not be 
accessed or used with equal frequency. Some of the data will be 
changed as the building changes and as requirements for information 
change. Some of the data will have historic value and may be stored 
in an archival file that is not part of the integrated project data 
base. However, the integrated project data base will contain a 
reference element to enable the user to locate the information that 
may be needed only infrequently. 

• Data can be added to the data base as changes are made to the 
facility, or as data begin to be collected in different ways as a 
result of changing technology. The added information would update the 
information in the data base to reflect changes to the facility and its 
contents. It also might be desirable to add new classes of data to 
reflect changing information requirements for facility management. The 
integrated project data base should be sufficiently flexible to allow 
for these changes. 

• Data available in the integrated project data base may be shared 
by those who use it and add information to it. A major benefit to be 
gained from the development of an integrated project data base is the 
improved quality of buildings, as well as more efficient facility 
management. Thus, the sharing of data may help building designers, who 
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can learn from operation and maintenance data collected for a specific 
project that are then applied to improve future design. Also, 
different participants in the building process should be able to 
respond to change and to exploit the data generated and collected by 
others. 

• A data manager or data administrator will be needed to maintain 
the integrity, consistency, and security of the integrated project data 
base. It will be essential that the various users of the integrated 
project data base use information that is correct and up to date. 
Without assurance of quality and timeliness, users will lose confidence 
in the information that they access or decisions will be based on 
faulty data. 

• Each integrated project data base will be unique, reflecting the 
needs of dif ferent owner organizations. Each organization will estab
lish for itself what information is important for its goals and poli
cies. Therefore, issues pertaining to user views apply to a class of 
data bases and do not describe a single type. There will undoubtedly 
be much of the same information collected by many organizations. 
However, individual differences must exist in order to serve the 
facility owner's organization best. 

• Users will continue to maintain their own private data bases as 
they contribute to and access the integrated project data base. These 
private data bases will include the working files and data that support 
individual participants in the building process and that do not meet 
the criteria that facility owner establishes for inclusion in the 
integrated project data bases. However, the integrated project data 
base may contain references to these private data bases so that the 
facility owner may locate the information should it be needed. 

OBJECTIVES 

The objectives for determining data requirements for the integrated 
project data base are as follows: 

1.  T o  identify user data needs for an integrated project data 
base. The content and structure of a data base should be tailored to 
the needs of those who intend to use and benefit from it. To design 
the data base properly, it is necessary to examine in some detail the 
potential users and the organizations to which they belong. 

When considering the needs of the users, the group recognized that 
those needs might be satisfied by a combination of data bases, some 
tied together to form an integrated project data base, and others 
independently accessible. Only those needs that justify the develop
ment of an integrated project data base were addressed. It was further 
noted that the user views the data base in the context of some specific 
application, and the data base must satisfy the various programs which 
it supports. 

Lastly, it was recognized that the organization that owns the data 
base (and perhaps the facility) will most likely wish to impose certain 
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special requirements. These requirements might stem from particular 
corporate objectives or policies. 

2 .  To develop criteria and rules for data inclusion and ezclusion 
in an integrated project data base. The feasibility of an integrated 
data base depends heavily on the selectivity applied in determining its 
content. Practical storage limitations and the perpetual cost of data 
maintenance dictate that only essential elemen ts be included. A key 
objective of the group was to formulate criteria for determining rules 
for inclusion or exclusion of data. In approaching this task, i t  was 
necessary to address classes of data rather than specific project data. 
Given a well-conceived set of decision rules, one must only apply those 
rules at the project-specific level to determine which data elements 
to include. The criteria should reflect the user's needs and the 
principles of efficient data management. 

3 .  To identify users, uses of data, and the desired characteris
tics of an integrated project data base. In addition to content and 
structure, the characteristics of the data base should be tailored to 
suit the potential user and intended uses. Potential users include 
planners and programmers, designers, constructors, operators, auditors, 
financiers, real estate brokers, and regulatory of ficials. In recogni
tion of the wide spectrum of potential users and applications possible, 
it is important to include information from all phases of project 
development. Likewise, it is importa nt to insure that the data be 
stored in forms most likely to serve potential users. Accessibility 
shQuld be addressed in terms of frequency of need, convenience of data 
maintenance, and desired response times. The use of off-line reference 
files, working files or references to archived materials should greatly 
simplify the integrated project data base and not adversely affect i ts 
usefulness. 

4. To identify incentives for users to update and use an inte
grated project data base. The initial development and maintenance of 
the data base will require the dedicated and disciplined efforts of 
those who use it and contribute to it. Assurance of quality over the 
life of the data base will require that each user be interested in data 
quality. For those users whose participation is temporary or rela
tively short-term, it will be necessary to provide other forms of 
incentives. The most likely form will be contract provisions with 
appropriate fee allowances. Other incentives might include free access 
to the data base for use in other business ventures or use by govern
mental bodies in their development of criteria for standards and codes. 

These objectives should serve to improve the building process in 
all of its phases, but more importa ntly to improve the end product, 
i. e. , the constructed facility. If pertinent information is captured, 
properly communicated and retained th roughout the process, each of the 
phases will m ore effectively achieve its objectives and the completed 
facility will not suffer in quality as a result of poor communications. 
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At the multi-project level, similar improvements should result. 
Intelligence gained from better records and feedb ack on lessons 
learned will contribute to improved planning, better design, more 
efficient construction and more enlightened facilities management. 

DE CIS ION RULES 

The following decision rules for inclusion and exclusion of data 
are based on discussions held at the 1983 and 1 984 Woods Hole work
shops. It was found that the problem of what items to be included in 
the integrated project data base was too complex a problem to be 
assessed by just listing the individual data elements that would be 
necessary. �o concepts emerged to assist in solving this problem. 
The concept of data classes that would include several elements or even 
subclasses of elements allows for a flexible data base that might 
include a cl ass of data, but would not necessarily include all elements 
that make up a class. This would allow development of a comprehensive 
data dictionary, but not necessitate the inclusion of all dictionary 
items in a data base. The second concept concerns inclusion and exclu
sion rules and provides general principles for development of both a 
comprehensive data dictionary and for the development of a specific 
data base. The fo llowing rules are presented with data classes rather 
than specific data items in mind. 

Inclusion Rules 

1.  Life-cycle use data. Data that affect the life cycle of the 
facility should be included in the integrated project data base. Data 
elements that influence the facility's life-cycle costs are items 
chosen during the design and construction phases and have the greatest 
effect on the maintenance and operation phase. The cost implications 
of these early decisions must be recorded in the integrated project 
data base. It is within the major building systems that the life-cycle 
use becomes most important and can have the greatest influence on the 
final product. 

2. Multiple use (long ter. and short tera). Data valuable in 
m ore than one phase is considered a multiple use. However, a data 
element used several times in any one phase, such as design and 
engineering, is not considered necessary for inclusion. Such data 
would reside in the wor k file. A typical multiple use element is the 
allowable floor area of a facility, used in the planning and 
programming phase, the design and engineering phase, and finally in 
the operation phase. This is an example of a long-term multiple use 
data element. Short-term multiple use implies that the integrated 
project data base serves as a pass-through medium, for example, at the 
transfer of an equipment list from the specifications list to those 
which are eventually installed in the facility. Such data can be 
removed from the data base after their last expected use. 
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3. Physical description. Data that describe the physical 
attributes of a facility should be included in the integrated project 
data base. This class of data will provide the basis for deriving much 
of the data to be used later in the building process. Ezamples of 
these elements include facility dimensions (length, width, height), 
material types (concrete, steel), and inventory of equipment. The lis t 
of physical description elements should be limited to the major 
building components. 

4. Intention. Performance expectations of the programmer and 
designer will provide useful data at the facilities management phase, 
for example, the reasons why a sloped roof was chosen over a flat roof. 

5 .  Historical references. The data class comprising historical 
references that relate to past uses should be included in the inte
grated project data base. These elements can provide the user wi th the 
information needed to make decisions on future uses. The elements can 
also aid the user in determining the outcome of changing the intended 
use. 

6. Major systea components. Major system components should be 
incorporated as separate data classes in the integrated project data 
base. This rule ensures that data relating to major building systems 
are retained wi thin the data base. The building's physical description 
should include many of the major components, but may not include all 
of them. Examples of major components include foundations, super
structure, roofing, mechanical, and exterior utility locations. 

Exclusion Rules 

1. Derived or generated data. The exclusion of derived or 
generated data removes from the integrated project data base any 
element that is redundant since it could be recreated from one or more 
elements (however, the derivation algorithm must be preserved if the 
derived data is ever to be accurately recreated). This rule will help 
reduce the size of the integrated project data base. It also reduces 
the chance of recording conflicting data. An example of this rule is 
that a room area need not be included when the room dimensions are in 
the data base. The room area can be derived from the room dimensions. 

2 .  Data in the external data base. An external data base 
includes i tems that are contained in industry standards and other 
generally available generic sources. The integrated project data base 
should not contain data that reside in the external data base (such as 
the specific steel members used in the building design i tself), 
although the source of the reference should be captured if the 
reference is ever to be recreated. 
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3. Ins1gn1f1cant data. Insignificant data must be defined and 
then excluded from the integrated project data base on a project-by
project basis. This exclusion is directly related to the facility 
owner's organizational policies. Some owners are interested in 
retaining information on all building fixtures, furniture and 
maintenance items. To another owner, such data may be considered of 
such in significant value that they are not important to track. Based 
on the policy of the owner, the integrated project data base can be 
reduced in size when the accounting of insignificant data is not 
considered im portant to the future use. 

4. Value to other data bases. Data whose value are greater in 
another data base should be excluded from the integrated project data 
base. This exclusion is directed primarily at the operation and 
maintenance phase. For example, maintenance records on equipment would 
be better kept in a wor king file than in the integrated project data 
base. 

Data Dictionary 

Preparation of a data dictionary of standard definitions that are 
clear for all the users of a data base will be a difficult task. 
Common definitions should be used where possible. The development of 
the dictionary will require considerable ef fort from all disciplines 
of the organization. Unfortunately, there are numerous examples of 
data bases within an organization using dif ferent definitions for the 
same element. 

A comprehensive data dictionary is desirable for elements used in 
work files and in the integrated project data base. The test for 
element inclusion in the integrated base will rest with the owner 
organization. However, the development of rules to enhance the 
consistency of evaluation should prove helpful in eliminating unneces
sary elements from the integrated project data base. While broad areas 
of agreement will be reached upon classes of data for inclusion, 
however, a cle ar dictionary will assist in avoiding misunderstanding 
of the meaning of data elements. 

While all phases of the building cycle will exert influence on the 
data elements to be included, the planning and design phases may exert 
the greatest initial influence. However, facilities management 
functions will most likely move into the most influential position in 
the future since it is at this phase that the greatest potential 
benefits of the integrated project data base will accrue. 

Existing data bases, even though not as comprehensive nor 
integrated as those assumed in this report, require maintenance over 
the life of the building. The resources for this maintenance can be 
easily underestimated. Lack of proper maintenance could result in 
out-of-date and poor quality data. Experience has shown that once 
data are perceived to be of poor quality, a prejudice is developed 
that becomes extremely difficult to overcome. 
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It should be recognized that data collection techniques can signi
ficantly influence the elements to be included. For example, current 
standard electrical meters are not conducive to automatic collection 
of data on electrical energy consumption. This has the capability to 
change not only the quality of data but to alter the application 
programs used. It is not too dif ficult to imagine that other forms of 
technology might be combined to change the whole magnitude of data 
quantity and possibly to enhance the quality. 

US ER  VIEWS OF THE DATA 

The concept of user views of the data recognizes that the data 
which are to be part of an integrated project data base will have 
dif ferent uses for dif ferent participants in dif ferent phases of the 
design, construction and management of a building. Consequently, 
either the integrated project data base must be created in such a way 
to anticipate these various uses and needs, or the data base must be 
structured to accommodate a variety of queries by dif ferent users to 
meet varying needs. 

For exampl e, data describing the structural elements of a roof will 
be used in the original form-giving design phase, and again in the 
calculations necessary for structural analysis. Also, the structural 
elements will be components to be priced, ordered and stored on-site 
prior to construction; they will be components in the construction 
process and will need to be sequenced in building assembly. Finally, 
they will be components requiring periodic inspection, maintenance, 
and perhaps replacement. Thus, information describing the same 
building component depends on its function for the various participants 
in the dif ferent phases of the building process. 

It is now possible to define user views of the data in a variety 
of ways since data base technology is developing the appropriate flexi
bility and resources to allow for fe wer structured queries and more ad 
hoc analysis. Until recently, it has been difficult, sometimes 
impossible, to query or analyze data in ways not anticipated in the 
original design of the data base. The analysis capability was 
dependent on the limits imposed by the structure of the data base and 
the mathematical or statistical methods incorporated into the data 
base computer programs. With these limitations becoming less 
significant through the development of more powerful softw are and 
hardware environments, it is now possible to enhance significantly the 
way the information stored in a data base is accessed and analyzed. 

For an integrated project data base, a number of alternative views 
of the data may be envisioned. One view of the data might include 
ver bal descriptions and text that capture the purposes of the project, 
the designer's intentions in proposing a particular solution, as well 
as transcriptions of meetings among the cl ient, designer, and 
developer. This same view of the data might also include copies of 
the program, bids, and contracts for the project. From this view of 
the data, information in the data base would be retrieved and analyzed 
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primari ly us ing teztual tool s for anal ys is , such as keyword se arches 
or cont ent analys is . 

Another vi ew of the da ta mi ght be spa tial  descript i ons of the 
fa cil i ty--i ts form and vol umes . This vi ew could be cons truc t ed 
graphi ca l l y  or ge ome tri ca l ly from d escript i ons of the st ruc tural 
el emen ts . Thi s same informa tion mi ght be used for plann ing of int eri or 
s pa c es , for est imat ing requirements for he at ing , ven t i lat i on  and air 
cond iti oning , and for meet ing fire codes . In each ins tance , the basic 
da ta elements are shared by a number of different users , but the 
anal ys i s  done wi th these el ements wil l be d ivers e .  

Fi gure 2 gi ves s ome exampl es of how var ious vi ews o f  the da ta ca n  
link us er requirements to a n  int egrated proj ect da ta base . As 
depi cted , pro j ect data ba ses are l inked to users th rough a var i et y  of 
appli cati ons or qu eri es which a cces s the data bas es for parti cul ar 
purpo ses . For exampl e , Us er1 and Us er4 bo th empl oy an appl i ca t i on  
program whi ch processes upda tes to the da ta base . Us er3 empl oys an 
ap pli cation program whi ch conduc ts an energy anal ys is of a prototy pe 
des i gn , whi l e  Us er2 does a facil i t y  management anal ys i s  compar ing 
u t il iz a t i on pa t terns in two different pro j ects . 

Project Database 

U ser 2 User 

User processes an update to the database. 
I 

4 

Other Project DB 

) Applications, 

Queries 

U!.er 2 does a facilities management analysis comparing utilization 

patterns in two different projects. 

User 3 does an energy analysis of a prl.l:.ilype design . 
User4 processes an update to the dalabase. 

FIGURE 2 User views of the data . 
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These ezampl es stres s that the des ireabil i ty of appli ca ti on 
programs and queri es  be ing const ruc ted independent of the software and 
hardware on whi ch the int egra t ed proj ect da ta bases may res i de .  Thus , 
the apPli ca t i on program, A2 , may reside on a mi crocomputer in a n  
engi neer ' s  of fi ce , b u t  wi ll l ink t o  tw o  da ta bases tha t thems elves may 
be lo ca t ed on s e para t e  comput ers in d i f ferent lo ca t i ons . Similarly , 
the energy analys is  program, A3 , mi ght res i de on a computer in a 
research laboratory at a univers i ty whi ch is acce ssed via telecommuni 
cati ons by an archi tec t ural firm in ano ther ci ty , wi th the integra t ed 
pro j ect da ta base i ts elf in st il l ano ther l oca t i on .  

USER IN CENTIVES 

Be ca use the l arge st benefi t of an integra ted pro ject da ta base wi ll 
ac crue to the fa c i l ity owner , incent ives to assure tha t us ers parti ci 
pa te and prov i d e  useful da ta wi l l have to be devised and promot ed by 
the facil i ty owner . Since mos t owners are unaware of the potential 
benefi ts invo lve d ,  fa ci l i ties ma nagement organizati ons wi l l  have to 
educa te the owners in ord er t o  ge t the ne cessary support . Such 
orga ni z at i ons have the greates t lik e l ihood of becoming the ma nagers of 
the int egra t ed proj ec t  da ta base . 

How the owner proce eds to del iver a fa ci l ity determines what 
incent ives need to be ap pl i ed .  For ezampl e ,  i f  the owner uses in-hous e 
resources to  program, design , construc t ,  a nd opera t e  a fa cil i t y ,  he 
mus t  be will ing to issue appropriate poli ci es and provide ne ces sary 
s upport of  the data base . On the other hand ,  i f  the owner contracts 
ou t the programm ing and des i gn  phas es , i t  woul d be in his best interest  
to : ( 1 ) hire a consul ting fa cil ities manager at  the earl i es t  po ssi ble  
t ime ,  (2) ass ure that the fa ci l i t i es manager or appropri ate da ta base 
ma nager inpu ts the requi rements int o  the earl y pha ses , a nd  ( 3) pa y 
ex tra fees , e . g . , to memb ers of the des i gn  te am to ins tal l da ta into 
the da ta ba se tha t the y woul d not normally provi de . 

Initial ly , be cause of cost , onl y owners wi th l ong-range strategi c  
pl ans or similarly interes ted buyers wi l l  have the incentive to use an 
integra ted pro j ect  da ta base , although a facil ity tha t conta ins such a 
data base may increase i ts re-sal e value . 

F INDINGS AND RECOMMENDAT IONS 

The data requi rements group concl uded that an integrated project 
data base will permit m ore economic and ef fi ci ent fac i l i t y  mana gemen t 
a nd improve the qual ity of a fa c i l ity , in terms of its res ponsivenes s 
to user needs , by provid ing use ful and t imely  da ta  for all parti ci pan ts 
in the buil ding process . In order to real iz e these benefi ts , the da ta 
base must be  planned , desi gned , and ma inta ined wi th these objec t ives 
in mind . The needs of fa c i l ity ma nagement should have a st rong 
influence on the cont ent of the data base . Cons equentl y , it may be 
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ne cess ary for owners to of fer incent ives t o  o ther parti ci pants in the 
proces s  to ensure tha t neces sary da ta are ca ptured , ma in ta in ed , a nd  
upda ted a s  ne cessary .  

Fa cil i ty ma nagement i s  emergi ng a s  the fa ci l i ty owner ' s  organiz a
ti onal el ement whi ch will  bene fi t the mos t . Fa c i l i ty ma na gement , a s  
d efined by the Int erna t i onal Faci l i ty Ma nagement As soci a t i on ,  i s  con
c erned wi th the ta sks of desi gn ,  cons t ruc t i on ,  ma int enance and ma na ge 
ment of the phys i ca l  environment a s  i t  relates to pe opl e and work 
process es--the practi ce of co ord inat ing the people and the work of an 
orga nizat i on  int o  the phys i ca l  workpl ace . Thi s proces s  involves such 
disci pl ines as archi tec t ure , build ing engine ering , int eri or planning 
a nd des i gn , cons truc t i on , finance , l easing , ma int enance , communi ca 
ti ons , informa ti on ma nagement , personnel mana gement , purchas ing , and 
worker comfor t  and safe ty . In vi ew of thi s broad sco pe of invo lvement , 
it  i s  cle ar tha t fa c i l i t y  management wi l l  have a s trong influence over 
the content of the int egra ted  pro j ect da ta base . 

The integra t ed proj ect da ta bas e  s erves a s  the primary int erfa ce 
among all  aspe cts of the pro j ect . The in t ernal structure of the da ta 
base s erves as a ma j or vehi cle for communi ca ti ons . Cons equently , the 
cont ent of the da ta base must be oraa ni z ed in a sta ndard way , po s sib ly 
us ing Uni forma t  or some o ther appropria t e  forma t . Exac tly whi ch data 
or da ta elements wi l l  be incl uded in the da ta base wi l l  be determin ed 
primari l y  by the fa c i l i ty owner ' s  vi ews and poli ci es ;  however , there 
wi ll be broad areas of agreement for incl usi on of cl a sses of da ta . 
Users of the da ta base  shoul d be able t o  re tri eve da ta from the da ta 
base in any one of a number of vi ews --words , numbers ,  graphi ca l , or the 
th ree mi xed in a s ingle vi ew--whi chever combina t i on mee t s  the ir  nee ds . 

Maint enance of the da ta base over the fa ci l i ty ' s  l ife wi l l  requi re 
a si gni fi cant commitment of resources . Cons equently , it  is  ess ential 
that  a da ta ma nager or admin i s t ra tor be des i gnated to insure tha t the 
da ta base i s  pro perly ma inta ined , and the da ta are cons i s t ent and 
re liabl e ,  s ince inaccurate informa t i on  is usually wors e than no in for
ma tion at  al l .  Changes in da ta col lec t i on t e chn iques ( such a s  di ag
nost i c  sens ors and voi ce-ac t iva ted da ta inpu t  dev i ces ) wi l l  have a 
ma j or im pac t on the da ta requiremen ts , es pecially i n  the fa c i l i ty 
ma nagement ar e a .  The introduc ti on of the s e  devi ces shoul d mak e i t  
ea si er t o  capt ure ess en t ial da ta at a much l ower cost and minim ize the 
huma n er ror fa c t ors . 

The group believes tha t fa ci l i ty owners who commi t the necessar y 
reso urces required to establ i sh and ma inta in an integra t ed proj ec t 
data base ca n re al ize  a re turn on the i r  investment . Table  1 shows 
vari ous ty pes of cost savings whi ch can be real ized in the fa ci l i t y  
ma nagement area th rough the use of a n  int egra ted proj ect da ta base . 
Fur ther , c er tain  intangible bene fi ts can also be rea l i z ed . For 
exampl e ,  the int egra t ed pro j ect da ta base : 

• provides cont inui ty of da ta ,  thereby reduc ing chances of human 
error , 

• int egra tes the track i ng and pl anning activi t i es , 
• provides a tool to mana ge change , 
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• gen era t es mul t i ple al t erna t ives ra pidly , and 
• enabl es d eci s i ons to be val idated .  

Also , the da ta base ' s  usefUlness is no t l imi ted to on e  project . The 
da ta are readily accessib l e  for compa r i s ons with other proj ects or for 
consol i da tion in summary fa cil i ti es managemen t  re por ts .  

TABLE 1 Are as of Potent ial Cost Sav ings : Return on Investmen t  in 
Fa cil i t y  Ma nagement Area 

I .  Occupancy cost savings 
A. Ongo ing renova t i on  
B .  Invent ory 

1 .  Equi pment 
2. Furni t ure 
3. Space--Ez cess  space control 

c. U!as e  management 
1 .  Opti on track ing 
2. Analys is ,  i . e . , expi ra t i on  revi ew 

I I .  Produc t ivi ty-rela t ed savings 
A.  Procurement 
B. Proj ec t mana gemen t 
c. Draf ting produc ti on 
D. Presenta ti on pre para ti on 
E. More effi ci ent use of O&M b ui l d ing s ervi ce eq ui pment and 

personnel 

I I I .  Growth/change cost savings 
A. Recapt ure 
B .  Moving 

1. Construc t i on  
2. Di sloca ti on  

C .  New space 
1 .  Cost-ef fe ct ive sta ndards 
2. Work load anal ys i s  

I V .  Ma int enance -rela ted savings 
A. Downt ime 
B .  Repl acements 
c. Res pons ivenes s 
D .  Pur cha se order genera t i on  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

R e p o r t  F r o m  t h e  1 9 8 5  W o r k s h o p  o n  A d v a n c e d  T e c h n o l o g y  f o r  B u i l d i n g  D e s i g n  a n d  E n g i n e e r i n g
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 2 3 7
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Re commenda t i ons 

The da ta bas e  envis i oned contains a l arge number of da ta i t ems tha t 
have to be a ssoci ated and accommoda ted in the propo sed data base 
s truc t ure . How to inFJt , upda te ,  and manage this usable da ta is 
impor ta nt beca use of the mul ti-pha s e ,  mul t i-par t i ci pant use envis i oned . 
Cri ti cal to  i ts success i s  end us er sa t is fac ti on .  If us er needs are 
not served , there is l i t tl e ,  i f  any ,  incent ive to pa r t i ci pa te . 

Da ta inte gri ty , securi ty , and maint enance wil l play a cri ti cal rol e  
i n  the qual i ty o f  the informa t i on  prov i ded .  Tradi ti onal and enhanced 
rul es for these i t ems shoul d be aut oma t ed and embedded i n  the da ta ba s e  
structure . A da ta d i ct i onar y tha t covers al l po ssib l e  par t i ci pa nt 
groups will al so be needed to insure the integri ty , se curi ty , and 
ma int enance propo s ed .  The dicti onary shoul d be an active , int egra t ed 
part of the da ta base . 

The da ta req uirements working group be l i ev es tha t a res ear ch 
proj ect shoul d be und ertaken to det ermine speci fi c da ta elemen ts and 
thei r  value ov er the l ife cycl e of the da ta base . A par t  of thi s  
re commenda t i on i s  tha t n ew  me thods for da ta bas e  admin i s tra t i on w i l l  
al so have t o  be deve lope d t o  ma nage the compl exi ty o f  the da ta base 
pro pos ed . 

The group s pe ci fi ca ll y  re commends resear ch and development in the 
fol l ow ing area s :  

1 .  Da ta base a dmin is t ra ti on  proce dur es tha t ma tch the compl exi ty 
of the da ta pro pos ed , 

2. Da ta ca pture procedures tha t separa t e  the par t i ci pa nts from 
the da ta input and ma int enance process , 

3 .  Int e ll i gent da ta edi tors t o  pres erve da ta base int egr i ty ,  
4 .  Da ta bas e  trans i t i on  s tandards tha t ac commodate vari ous l evel s 

of user s ophi s t i ca t i on  and da ta use , 
5. Analy ti cal  tool s to de t erm ine the real value of da ta to a 

s ingl e user and subsequent va lue to downstream users , and 
6. Incent ives to ens ure us er par ti ci pa t i on i n  the da ta base . 

Final ly , the group enco urage s the cont in ued suppor t of res ear ch in 
the area of us er int er face and sup por t probl ems a s  the y rela te to the 
integra ted pro j ect da ta base . An und ersta nd ing of user needs , thei r  
use o f  the da ta ,  and wha t incent ives are required for the i r  parti ci 
pa t i on  i s  essent ial to thi s pro j ect . 

As a �nera l re commenda t i on ,  the group sugge sts tha t the deci s i on 
rules d evel o ped in this work shop be t ested in demonstra ti on act ivi t y  
in the cont ex t of a re al orsa niz at i on  and a real pro j ect . 
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DflEGR.UED PROJECT DATA BASE OOHCEPTUAL MODEL 
(GROUP B) 

Previous workshops identified the importance of an integrated 
project data base to participants involved in different phases of the 
building process. While these wor kshops addressed the high value of 
the integrated project data base, they did not develop criteria for 
qualities that are necessary to make this data base responsive to the 
many dif ferent d emands that partici pants in the building process place 
on data. T herefore, the group on integrated project data base 
conceputal model, Group B, focused its attention on identifyin g 
required data base characteristics and developing examples of how these 
charact eristics would be used by the building industry. These provided 
more detailed specifications for the integrated data base. 

Members of Group B were: Bob Tilley (chairman), Charles Atwood, 
Ter ry Longstreth, Bl ake Mason, Kent Reed, Dan Rehak, David Skar, and 
Christos Yessios. 

INTRODUCI'ION 

In ord er to develop a conceptual model, the group followed a "blue 
sky" approach in describing a rich structure caps ble of meeting the 
complex data needs of the building industry. First, the integrated 
project data base model from the 1984 workshop was recast into a state 
machine model. This model emphasized that anyone in the building 
process could initiate an action against the cur rent state of data 
describing a facility. Given this model, the group focused on 
describing the conceptual views of the data at a level between a user's 
view and the physical level where data is stored. To sup port the 
integrated project data base, the group identified four major 
objectives of the conceptual model: data inde pendence, data dynamics, 
data consistency, and Dllltiple data views. At the conceptual level, 
it must be possible to define different data types such as geometry and 
text, to develop relationships between types of data, and to conduct 
operations such as storage an d retrieval on the data. These features 
at the conceptual level were modeled as a conceptual spe cification for 
data space contents. Finally, this model was ap plied to eight user 
views of a detailed design data space (see Figure 3 ) .  

15 
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Operations Meta data Meta 
Stored Data Meta Data 

Program Dataspace Program pataspace Operations Operations 

Numeric data +, -, •, I structure Define data Apply 

numbers sort(?) 
9.-

definition dictionary constraints 
store (new clus) 

ass ian 
retrieve 

constraint Define Text replace. Define new 
concatenate convert lexical definition structure 

dictionary 
sets of bytes sub-strina sort(7) 

en try 

relational calc data 
Geometric data intersect predicate calc null intenect 

dictionary 

surfaces join relationships 
relationships 

points weld 
predicate calc 

lines difference 
expressions 

solids project 
holes si�e 

planes 
pol nons 

lm_aae data clip 

bit maps composite 
convolutio11 

Relatlonsh Ips precedence 
between relat ionship 
specific 
en t i ty 
i n s tances 

FIGURE 3 Conceptual model :  abs tract ezampl es of con t ent spe ci fi ca t i on .  

ASSUMFI'IONS 

Tra di ti onally , the term "da ta bas e"  d enotes a speci a l ized structure 
of da ta whi ch provides for the s t orage , re tri eval and ma int enance of 
da ta in a uni form a nd consis t ent fa shi on ,  wi thin a given da ta process
ing environment . In the case of the int egra t ed projec t da ta base , the 
term "da ta base"  takes on a much broader d efini ti on .  It refers to the 
to tal i ty of bo th s t ored and impl i ed da ta which mi ght be encount ered in 
the var i ed and d is similar proces ses of b ui l ding d es i gn , construc t i on  
and maint enance . In this s ens e , the integra ted projec t da ta base i s  
n o t  easily definab l e  in terms of a s ingle sys tem vi ew .  Bo th the da ta 
so urces and the ir  associa t ed appl i ca t i ons vary cons id erabl y by virtue 
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of the range o f  parti ci pan ts i n  the overall build ing pro cess . Ac c ord 
ingl y , for the pur po se of refer ring t o  thi s  expa nded da ta environment ,  
the t erm da ta base is re pla ced by the t erm "da ta s pa ce , " t o  re fer to 
the Dill t i  tu de of da ta bases and po ssibl e ncn-da ta base da ta conta in ed 
in the to tal build ing process envi ronment . 

The und erl ying chal l enge of the conce ptual model ing group is  to 
produce a c er tain cons i s t ency of da ta re pres en ta ti on at the conceptua l  
l eve l ,  s o  tha t ,  regar dl es s  o f  s pe ci fi c appl i ca t i cns needs , a singl e 
uni fi e d  vi ew of da ta can be ma inta ined . In an ef fort to provide such 
cons i s t enc y and to  adhere a s  cl osely as po ss ib l e  to  the few aenerally 
re cognized model s for represent ing an overal l da ta environment , the 
ANS I /S PAR C  3-Schema Archi te cture ha s been adopted for use in 
illus tra t ing an overall  model of da ta .  

The conceptual schema of the ANS I /S PAR C  model impl i es two impor ta nt 
charac t eris ti cs ,  bo th of whi ch are re ta ined by impli ca ti on in the work 
of the concept ual  model ing group : 

1 .  The conceptua l schema is  fu nc t i onall y ind epend ent from the 
int ernal and ext ernal schema s , i . e .  changes made to the physi cal 
s t orage of da ta in the int ernal schema or in the user vi ews of the 
ext ernal schema should no t require changes in the conceptual s chema . 

2. The conceptual schema i ts elf is never acces sed or ma ni pu l ated 
d i rec tl y by  the us er , but s erves only a s  an overall repres enta ti on o f  
da ta , from whi ch a ll user vi ews are extrac ted . It i s , in essence , a 
super-set of all poss ible da ta conta ined in  the integra t ed projec t 
da ta base . 

OBJECTIVES 

1 .  To bui ld on the goals and reco .. endati ons of the 1 984 Woods 
Hole Workshop . The 1 9 8 5  wor kshop repres en ts the cont inuat i on  of a 
three -ye ar process of eval ua t ing the impl i ca ti ons of a dvanced te ch
nology on the des i gn , construc ti m. and ma nagement of b ui l d ings . Much 
valuable and im portant w ork em erged from the 1983 and 1984 Woo ds Ho l e  
workshops th a t  shoul d be recogn i z ed a s  a fo unda t i on  on whi ch  the work 
of  the 1 98 5  work shop shoul d buil d .  The first object ive of the concep
tual model ing group is to addres s the needs i dent ifi ed by the 1 984 
workshop and to a dvance fur ther d evel opmen ts in so lving those nee ds . 

2 .  To construct a aodel of the conceptual vi ew of the data base. 
Bui ld ing on the needs identi fi ed by the 1984 Woods Ho l e  Work shop ,  the 
second ob j ect ive i s  to construct fo rma l ly a conceptual repres enta ti on 
or model of a l l  da ta whi ch pass th rough the int egra t ed projec t da ta 
base . It shoul d d escribe how da ta are vi ewe d  a t  the conce ptual l ev e l  
and should d e f ine the conceptual da ta model . 

3. To develop a data 110del sui table for iapl eaaenttna the concep
tual aodel . The da ta model d evel o ped shoul d describe the ch arac t er
i s t i cs tha t  da ta ma y  po ss es s ,  a nd shoul d incl ude defi n i t i cns of the 
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rela ti onshi ps and opera t i ons allowed be tween and on the da ta ,  
respective ly . 

4.  To describe the relat1Esh1p between the conceptual n• aDd 
i ts physical iapla.entation. The la s t  obj ec t ive of the conceptual 
modeling group is to d escrib e  cl early  how da ta defi ned at the 
conceptual l evel are ex trac t ed to form ext ernal vi ews by vari ous us ers , 
a nd how the da ta are pi Ss ed to the in ternal l eve l  for phys i ca l  storage , 
re tri eval and ma intenance . 

EVO WT ION OF THE OONCE PUTAL MODEL 

The 1984 Woods Hol e  Work shop de fined the int egra t ed project da ta 
ba se as the conceptual model of the bui l d ing proces s ( s ee Fi gure 1 ) .  
In this re presenta t i on ,  three el emen ts are label l ed  "da ta base " . The 
ro l e  of the pro j ec t  da ta base i s  to provi de forma l ized int er fa ces 
be tween the func t i ons compris ing the build ing process . 

The group deve lope d  a conceptual model of the int egra t ed proj ect 
da ta ba s e  re pres ent ing the s ta t e  of the projec t .  In this pers pec t ive , 
forma l ized int er fa ces are no l onger vi ewed a s  being be tween func t i ons ,  
but as be ing be tween ea ch ind ivi dual func t i on and the s ys t em . Al l  
responsib il i ty for consis tency be twe en the func t i onal vi ew res ts wi th 
the da ta s yst em .  Inso far a s  the informa t i on  suppl i ed by a func ti on i s  
internally consist ent , the da ta sys tem wi l l  insure tha t cons i s t en t  
informa t i on is sup pt i ed to a l l  o ther par ti ci pa t ing func ti ons . 

A s ta te machine (more properl y ,  a fin i te s ta te machine ) repres en
ta tion wa s chosen a s  the vehicl e for communi ca t ing and re fin ing thi s  
vi ew o f  the pro j ect  int egra t ed da ta sys t em.  St a te machines ar e used 
to  model comput er-based processes whi ch mus t modify the i r  behavi or 
based on pa st exe cu ti on  schedu l es . A s ta t e  machine is  compo sed of two 
ma j or elemen t s : the ma chine s ta te ,  which con ta ins the "mem ory " of pa s t  
events , a nd  a s e t  of tra ns i ti on func t i ms whi ch ca n examin e  and modify 
the s ta t e . 

The sta te conta ins the da ta space and ca n  be acces sed and mani pu 
lat ed by the s ta t e  machine o pera ti ons o f  the da ta s ys t em .  Trans i ti on 
fu nc t i ons contain enca ps ulated sequences of opera ti ons whi ch  must be 
trea ted a s  a uni t by the s ta t e  machine . Once a transi ti on func ti on 
sa in s  access  to the da ta space , th rough any of the opera t i ons on the 
s ta t e ,  the s ta t e  machine mus t guarantee tha t the trans i t i on wil l 
compl ete a seq uence of opera ti ons whi ch res ul ts in a consi s t ent sta te 
at the t erm i na ti on of the trans i ti on func t i on .  The trans i ti on  func ti on 
mu st be gu ara nteed a cons i s t ent sta te upon sa in ing fi rst  ac cess to the 
s tat e ,  and the s ta t e  machine must guarant ee tha t al l schedules of 
para ll el exe cu ting trans i ti ons appear external l y to have been exe cu ted 
in s ome s erial ord er . Since ext ernal us ers of the s ystem can onl y vi ew 
or modify the da ta space th rough the in t erce ss i on of a tra ns i ti on  
func ti on ,  cons istency of us er vi ews is  guarant eed . 
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S TATE MAa UNE REIR� ENTATI<* OF THE INT�TED DATA S lS TEM 

Fi gure 4 sho� the group ' s  vi ew  of the int egra t ed cons truct i on  
program da ta s ys t em .  The s ta te con ta ins the da ta whi ch model the 
dynami cs of the construc t i m  func t i on s , a nd incl ude descript i ons of 
all owable de t erm i na t i on  gen era ti ons . The l i s t  of transi ti ons i s  
eq uivalent t o  the set of pro j ect func t i ms d epi ct ed i n  F.l gure 1. The 
re pres en ta t i on is  no t a s tri ct  int erpre ta ti on of the s ta t e  ma chine 
theor y , s ince in tha t the ory each tra ns i t i on mu st have a speci fi c 
tri ggering input and a precisely de fined set of a ssocia t ed inpu ts and 
outpu ts . The wor k fi l es and external da ta bases depi cted in F.l gur e  1 
are trans i t i on func ti ons a s  ap propria te . 
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FI GURE 4 Sta te machine model of the bui l d ing l ife cycl e .  
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The sta te machine diagram i s  a star t ing po in t  for the des ign and 
d evelopment of an integra ted da ta sys t em , but i t  requires subs tan tia l 
refi nement before i t  ca n be used a a  a basis for compu ter softwar e 
d evelopment . In parti cul ar ,  the na t ure of the da ta and opera ti ons mus t  
b e  speci fi ed , a nd the tra ns i t i on  fU nc t i ons must b e  subd ivi ded into much 
smal l er ,  inde pendent com ponen ts . The general l evel of thes e func t i ons 
wo ul d  impl y tha t  the pl anning pr ocess co ul d  not suppl y a consis tent 
change of the s tate  until  all plann ing had been comple t ed . 

� fUr ther refining the defi ni t i on  of the pl anning process , the 
s tate  trans i t i ons coul d re pres ent d i scre te el ements , such as one day ' s  
sche dul e ,  whi ch co ul d  be ent ered in to the sta te by a singl e tra ns i ti on ,  
add ing tha t one day ' s  informa t i on a s  a cons i s t ent uni t .  

THE OONCE PrUAL MODEL FRAMBJORK 

Cont en ts of the Conce ptual Model 

The conceptual model must be suffi centl y r i ch in content to s up po r t  
the crea t i on of the many req ui red us er vi ews o f  the proj ec t  da ta . Us er 
vi ews , i dent ifi ed by Group A, incl ude ver bal d escript i ons , s pa t ial  
descri pti ons , el emen ts of cons truc t i on ,  the process of cons truc ti on ,  
and the process of ma nagement and use . Three gener i c  i tems tha t must 
be conta ined in a conce ptua l model emerge from a first  anal ysis  of  
var i ous u ser vi ews .  The y are da ta ent i t i es ,  relati onships among da ta 
ent i ti es , and o pera ti ons .  

Da ta ent i ti es are obj ects about whi ch fa c tual informa t i on  i s  to be 
re c orded ; they are ei ther a t omi c  or nona tomi c .  An a t omi c da ta en ti ty 
repres ents an i r reducib l e  pi ece of informa t i on  whos e  va lue may be 
tex tual ,  num eri cal , or ae ome tri c . Associ a ted wi th an a tomi c da ta 
ent i ty i s  i ts  doma in ,  whi ch is the set of a l l  l ega l  va lues . An e za mpl e 
of an a t omi c  da ta ent i t y  i s  a TASK-B TART -DATE , whi ch ha s a s ingl e  
va lue . I t s  doma in i s  the s e t  of da tes from pro j ect ince pt i on  to 
current dat e ,  as well as null . An e xam ple of a nona t omi c da ta en ti ty  
i s  a l ogi ca l  co llect i on  of  da ta ent i t i es repr es en t ing var i ous e l ect ri
cal and me chani cal pro perti es of  a pump .  I t  mus t  be empha s i zed tha t 
da ta ent i ti es have no intr in s i c s ema nt i c  me aning . Re lat i onshi ps 
capt ure the s emanti c mean ing of da ta ent i ti es in t erms of de pendency 
s t ruc tures , whi ch may be of the form 1 : 1 ent i ti es ,  l : m ent i ti es ,  or m : n  
en t i t i es . These de pendenci es are not inherent in the ent i ti es , but are 
defi ned external ly . The y can be expres s ed as rul es whi ch ar e exe cu t
able constraints .  An e xam ple of a s emanti c de pendency e xpressed a s  a 
rul e i s : " i f x i s  a phys i ca l  ob j ec t , then x ha s we i gh t . "  This 
relati onship is  im posed by the s emanti c mean ing of "physi cal . " 

Opera t i ons are ac t i ons tha t are taken on a s  par ts of the 
conceptual model or the model i tself . Opera ti ons on the da ta include 
s t orage , retri eval , updat es and del et ion . Ope ra t i ons on the 
de fini t i ons of the da ta enti ti es incl ude changing descri pti ons or 
creat ing new ones , cha ngi ng r e la t i onshi ps , a nd defi ning new opera tors . 
In add i ti on ,  there are o pera ti ons to e xe cute ( en force ) the rules tha t 
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express rela t i onshi ps .  Opera t i ons on the conceptual model i tsel f 
incl ude cha ngi ng the und erl y ing l ogi c sys t em .  

The conten ts of the conceptual model can b e  s pe ci fi ed now i n  the 
terms d iscu ssed above . Abstra c t  exampl es are illustra ted in Fi gur e  3 . 
The s t ored da ta ty pes needed t o  provide a varie ty of us er vi ews for a 
fa ci l i ty pro j ect incl ude numeri c ,  tex tual , ge ome tri c ,  image , a nd  
rela t i onshi p da ta .  The s t ored da ta ty pes di f fer in t erms o f  whi ch 
type s of ope ra ti ons can be pe r formed on them at the program l evel , tha t 
is , wi thin the act ivi ty func ti ons or trans i t i on  func tions described 
earl ier . For exa mpl e ,  ari  thma t i c  ope ra tor s are defined w1 th res pe ct 
to num eri c da ta but not to tex tua l da ta , or conca tena ti on i s  de fined 
wi th res pe c t  to numeri c  da ta but not to t extual da ta . As shown in the 
third col umn of F.l gure 3 ,  there are primi t ive o pera ti ons tha t can be 
pe r fo rme d  on all the stored da ta ty pe s .  These ope ra t ions incl ude 
s t oring an i t em ,  re tri eving i t , and re plac ing i t .  Col lect ively , such 
ope ra t i ons form a rela t i onal algebra or re la t i onal ca lcu lus s uch as 
predi ca te cal cul us . 

As in the ca se of the opera t i ons ,  i t  is  useful to s eparate the 
hi gher l evel or "me ta " da ta rela ti onshi ps tha t are ap pl i ed a t  the 
progra m l eve l  from those  at the da ta space l eve l  of the model . Aga in , 
the s t ored da ta ty pes are d i f f erentia t ed by the k inds of me ta da ta 
re la t i onshi p a t  the program l eve l . For exa mpl e ,  numer i ca l  eq ual i t i es 
and in equal i ti es ap pl y  to numeri c da ta ,  while le xi cal qual i ti es appl y  
t o  textual da ta . At the da ta s pa ce l eve l , the me ta da ta ar e shared by 
all  the s t ored da ta ty pes and include defined s t ruc t ures and 
co nstra ints ( rul es ) ,  expres si ons in the ca l culus of the opera t i ons 
defined in the da ta s pa ce , and rela ti onshi ps in the da ta di c ti onary . 

The me ta (hi gher l eve l )  o pe ra t i ons and me ta da ta ope ra t i ons 
i l lus tra ted in the la s t  two col umns of F.l gure 3 comple te the s pe ci fi 
ca ti on  of the cont ent of the conceptual model . Me ta ope rati ons incl ude 
de fin ing a new class of da ta di c ti onary and de fin ing a new s truc t ure . 
Meta da ta ope ra t i ons incl ude defining an ent ry in a da ta dict i onary .  

Gen era l Conce p ts 

The pre ceding s ecti on ha s i l l u stra ted a wi de var i et y  of t ypes of 
da ta ,  o pera t i ons and o ther s im i l ar com ponen ts whi ch are the required 
i tems of the genera l conce ptual model of the integra ted da ta space used 
in the build ing process . A curs ory overvi ew of these i t ems may lead 
to the i dea tha t no  uni fying or abs trac t struc tur e of the model is 
pres ent . On clos er e xamina ti on ,  the conce ptual s truc t ure i llus tra t ed 
in Fi gur e  3 and discu ssed bel ow ma y  be infe r red . The purpo se of thi s  
conceptual s truc t ure i s  t o  reduce the vari ety  o f  i t ems pres ented ab ove 
t o  a hand fU l  of we ll d efined , but abs trac t ,  concepts . 

The basi c hi erarchy of conceptual m odel concep ts i s  d ivided in to 
two components : "da ta " a nd "o pera t i ons . "  The da ta component 
repres en ts all the in forma t i on whi ch describes the build ing and 
bui l ding proces s . The integra ted da ta space exi s ts to hold all of 
these da ta ;  a l one , how ever ,  da ta are mean ingl ess . A set of mechan isms 
to acce s s  and ma ni pulate  the da ta i s  needed . These  co ll ec t ively ca n 
be deno t ed a s  da ta o pera t ors or , s imply , o pera ti ons . 
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The da ta por t i on  o f  the Jll) del ca n  b e  spl i t  in t o  tw o  JBr ts . The 
first part , deno t ed "s t ored da ta , " is  us ed  to repres ent the " fac tual " 
d escri pt i on  of the bui l ding . Ty pi ca l  eampl es inc:l ude i tems such as 
"beam 17 ha s l eng th 25'  -0" " and "project s t art -up date i s 8/11/85. " 

In addi ti on to the s e  fa c ts , there i s  a l ar ge body of h i gher l eve l  
informa ti on whi ch d escribes the na t ure and charac t eri s ti c:& o f  the da ta .  
We re fer to  thes e  da ta as  me ta da ta .  Some typi ca l  ea mpl es incl ude 
s tat emen ts tha t "be am leng ths are c ons trained to be posi t ive numbers " 
or " s tar t da te for an ac t ivi ty mu st precede finish da t e . " Thes e me ta 
da ta are im portant in tha t they define the mean ing or s emanti c:& of the 
s t ored da ta .  The y provi de the informa t i on  whi ch perm! ta the opera ti ons 
to mani pula te and und ers tand the s t ored da ta in a meaningful fa shi on .  

Si mi l ar l y , the ope ra t i ons ca n  be spl i t  into tho se opera t i on s  whi ch 
work on the da ta and those whi ch work on o ther o pera ti ons . Opera ti ons 
on the da ta ca n  be fur ther spl i t  in to  tho se  whi ch ope ra t e  onl y on the 
s t ored da ta deno t ed the "s t ored da ta o pera ti ons " ( such a s  fet ch , s t ore , 
delete , e tc . ) a nd tho se whi ch opera te on the me ta  da ta whi ch are 
deno t ed "me ta da ta o pera ti ons . " Exam ples of me ta da ta o pera t i on s  
incl ude "d efin e  a new constra int on s 011e da ta i tem " or "d efine a new 
type o f  rela ti onshi p . " In thi s  way , the da ta o pera ti ons provide 
me chani sms to ma ni pulate  and act on all the type s of da ta stored in and 
de fining the da ta s pa ce .  Any given set of o pera ti ons , however , may no t 
be compl ete or cor rect . Thu s ,  ma ni pu l a t in g  the opera tors i s  al so 
requi red . For e xam ple , introduc ing a new da ta t y pe  may require 
changing the da ta acce s s  ope ra t i on .  Any opera t i on  tha t manipulat es the 
current set  of o pera ti ons i s  an o pera ti on on an o pera t i on ,  or a "me ta 
opera ti on . " 

By anal ogy , one may cons ider ex tend ing the s e  general concepts w1 th 
add i t i onal i t ems such a s  me ta -meta da ta ( i . e . , informa ti on whi ch 
defines the me ta -da ta )  and me ta-me ta opera ti ons . A cl earer me thod , 
how ever ,  i s  to introduce re cursi on into the conce p ts of the m odel . 
Consider onl y the da ta por t i on of the model . The two ba si c concepts 
are the s t ored da ta and the me ta da ta .  The me ta da ta com ponent , 
ho"Wever , mu st be stored in the da ta  spa ce . Ra ther tha n treat ing me ta 
da ta a s  a special set  of da ta wi th s pe cial ri gh ts and pr ivi le ges , 
cons ider i t  to be ye t another type of s tored da ta . Thus , the me ta data 
whi ch are rela ted to these s t ored me ta da ta be come the me ta -meta da ta .  
Ad mi tting s uch re cur s ive defin i ti ons permi ts us to s impl ify the model 
to only thos e few conce p ts . In i ts most genera l t erms , the model mus t 
s uppo r t  onl y stored da ta and ope ra t ions on the stored da ta ,  wi th all 
o ther c om ponen ts be ing trea t ed as one of the classes (basi c  or me ta )  
of the s e  two i tems . 

Thi s concept , whi l e  abs t rac t ,  i s  very po "We r fu l  and genera l , 
a dmi t t ing a self -de fin ing vi ew of the conceptual model of the 
integra ted da ta spa ce . 

An Eu mpl e :  F rom the Conce ptual Da ta to the Us er Vi ew 

The intent of thi s e xam ple i s  to  i llus tra te how a us er vi ew can be 
e x trac ted from an int ernally stored conceptual da ta base . Tha t i s , 
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how the "ima ge " i n  Fi gure S i s  gen era t ed f r om  informa t i on s t ored in 
the da ta base .  

In seneral , wha t  i s  conta ined in the da ta bas e  i s  not neces sar i l y  
in the form needed by the us er . There fore , a set  of acti ons mus t  b e  
appl i ed on th e  informa t i on conta ined i n  the da ta base t o  t ra nsform i t  
into a us er vi ew .  The e xac t  charac t er i s ti cs of these a c t i ons are 
i mpl ementa ti on d epend ent . The y  depend on both the impl ementa ti on of 
the da ta bas e  and the im pl ementa t i on of the programma ti c procedures 
whi ch exe cu te the ac t i ons . Consequentl y ,  to be abl e to pres ent an 
e xam ple ,  c er ta in a s sumpti ons abou t the im pl ementa ti on are required . 
The y are : 

1 .  The user vi ew  co inci des w1 th cur rentl y ac cepta b l e  sta ndards fo r 
coDIDun1 ca t 1ng de tai l ed desi gn do c\DDen ts . The word "do c\DDent " does no t 
i mpl y  pa pe r  and ca n  be any me d i um  ma de ava ilabl e by the e l ectroni c 
te chnologi es .  

2 .  The user ma y  be a pe r s on  or a program. 
3 .  The im pl ementa t i on of the conceptua l da ta ba se contains 

in forma t i on  whi ch ma y  be extrac ted through a more or l es s  d irect 
re tri eval o pera ti on .  

4 .  Thre e-d i mensional informa t i ona l l y  compl ete model s  ar e used fo r 
the re pres enta ti on of the physi cal en t i ties of a build ing . An informa
t i onally  compl ete model i s  d efined to be a re la ti onal networ k  tha t 
incl udes s pa tial s emanti cs and at tributes . 

Given the above asslDDpt i ons , the der iva t i on  of a pa r t i al user vi ew of 
de tai l ed des i gn  do cumen ts from a hy po the ti cal da ta bas e  for a one -cla s s  
school bui l ding wo ul d be as  fo ll ows (s ee Fi gure 5) : 

A. Floor-Plan . The ge ome try of the plan i s  ex trac ted by tak ing 
a hor i z onta l  sect i on  of the th ree-d imens i ona l  se ome tr i c  mo del . 
Symboli c re presenta ti ons of el emen ts such a s  do ors and wind ows are 
e x tra c ted by proces sing the sema nt i cs of elements enco unt ered by the 
re ference (cut t ing ) plane .  Int eri or d e ta il s ( such a s  furni t ure la you ts 
and fi x tures ) are derive d th ro ugh ver t i ca l  or thographi c pro j ect i ons of 
el emen ts a sso cia ted wi th res pect ive int eri or s pa c es .  Other de ta i l s  of 
a user vi ew of a fl oor pl an ar e extrac ted in a similar fa shi on and (a s 
a lready po inted out ) de pendent on the parti cul ar impl ementa ti on .  

B. Tezt Label•. As s uming tha t  the text labe l i s  not just an 
anno ta t ed no te ( i f  it i s , see i t em  D bel ow ) , but a s emantic a t tribut e 
a ssociated wi th a n  e l ement , then the respe ct ive re lati onshi ps need to 
be tra ced and reso lved to re tri eve the l abel and i ts a ssocia ti on ,  for 
incor pora t i on  in the user vi ew .  

C .  &u.erie Label •. As suming tha t  the numer i c  label is  not an 
anno ta ted no te , but a value (quanti ty )  whi ch can be inferred from the 
informs t i on  in the da ta ba se , the re l eva nt know! edse is proce ssed and 
the val ue ca l cula t ed .  Two ca te gori es of num eri c values are shown in 
the exampl e .  The fi r st cons ists of the ar eas of the rooms . The 
ge ome try of e a ch ro om i s pro c essed and i ts area i s  ca l cula t ed .  The 
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Detai led  Design 
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'--® 

S &oraae A d m i n i ura&or Reu Room 
70 S.P. 1 12 S.F. 70 S.P. 

1'1141-----32'-4" ------1111 

Use r  View 

A Floor Plan Image 

B Text labels 

c Numeric Labels  

D A nnotations 

E Construction Specs 

F Energy Analysis 

G Simple Frame Structural 

A n alysi s 

2 4  

40'-6" 

� 
(NOTES) 

Actions on Conceptual  Data 
Section o f  3D model by reference plane, and projection.  

Resolve relationships 10 retrieve rei event attri b u tes. 

Dimens ion line, take resuhina intersection and aet end 
points, size. 

Retrieve and/or infer alphanu meric and/or symbol ic  
notes, 10 be attached to floor plan . 

Possibilities: Various data as is ; Inferred from data 
and meta data; Combination of both . 

Develop surface areu, spatial volumes, resolve 
relations, aet characteristics, provide 10 energy 
analysis program 

Extract relevent aeometty, provide 10 structural 
analysis proaram. 

F I GURE  5 Partial ua er vi ew of de ta i led desi gn do cumen ts from a 
hypo the ti ca l  da ta bas e for a one-cl ass school bui l d ing . 
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s econd ca tegory consi s ts of dimensional informa t i on .  Any pa ir of po in t  
co ord ina tes ( i n  the two -d imensi onal plan sec ti on )  can b e  processed and 
their d is ta nce ca lculated .  Bo th ca tegori es of numeri c  label s are 
inc or pora t ed in the us er vi ew .  

D .  Anaota ti aoa .  De fi ned to be alphanumeri c  and / or symbolic  
no tes a t ta ched to a draw ing as part of a us er vi ew , anno ta t i ons may be  
re tri eved dire ctl y or infer red af ter proce ssing r e l eva nt knowl edge 
conta ined in the da ta/knowl edge bas e .  

E .  Conatruct1tm Speci f:l ca t1aoa .  As wi th the anno ta t i ons ,  the y 
cons i s t  o f  various da ta re tri eved d irec tly as  well  a s  informa ti on 
infe r re d  from knowl edge in the stored da ta and/or the me ta da ta . 

l. BDeray ADalya:la . Rel evant geome tri c informa ti on ( such as 
ar eas , volumes , s pa tial re la t i ons )  a nd  non-ge aae tri c at trib ut es ( s uch 
a s mat eria l ty pes ) are re tri eved and/ or inferred from the da ta base and 
tra nsmi tted to an energy ana lys is program. The data given to the 
program as well as i ts out put consti tute the us er vi ew of the energy 
a nalys i s .  

G .  St ructural Analya:la . Thi s i s  simi l ar t o  the energy ana lys is , 
except tha t the rel evant ge ome tri c  and non-geome t ri c  da ta ex trac t ed 
from the da ta base are now tra nsmi t ted to a struc tural analys is 
program . It shoul d be no t ed that s truc t ural anal ysis programs o f  
var i abl e compl exi ty have to be empl oye d  depend ing on the structura l 
requiremen ts of the build ing in ques ti on .  

CX>NCLUS IONS 

Having cont inued the re finement of the model present ed in the 1984 
wor kshop at the conceptual l eve l , the group concl uded tha t an 
int e gra t ed project da ta base can be d evel o ped whi ch i s  d i s tr ibuted , 
dyn ami c ,  a nd respond to mu l t i pl e user s . It i s  dis trib uted across 
ge ographi c and orsan i za t i onal boundari es . It ac commoda t es the deman ds 
of  m l t i pl e  vi ews of the same da ta by di f ferent user s  for d i f ferent  
purposes . It d ynami cal l y  res ponds to  changes i n  the content and 
d efin i t i on  of the sta te mach i n e .  The technolog y to develop s uch a 
da ta base is c ur ren tl y a t  the s ta te of the art . The group re co gn i z e s  
tha t  sign i fi ca nt software deve lopment i s  need ed . 

The group ha s d evelo ped a conceptual model whi ch will probabl y be 
i mpl ement ed as  a me ta langu age . Possib l y , this mi gh t  be achi eved by 
us ing ent i ty-rela ti on ,  obj ec t -ori ent ed or arti fi cial intelli gence 
frame -based techniq ues whi ch ca n be bui l t as ex tensions of a conven
ti onal da ta base ma chine s ta t e . The group has not a t  this po int 
d efin ed the conceptual mo del to the po in t  tha t i t  i mpo ses a singl e 
1m pl em en ta t1  on . 

The technologi es exi s t  th a t  coul d be used to impl ement the 
conceptual model ,  a l though the tool s ,  te chn iques and pro cedures are no t 
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widely available or und ers tood . Em ergina te chnologi es (such as auto 
ma t i c  program genera tor s ) wi ll fa ci l i ta t e impl ementing the conceptual 
model in the fut ure . The programs d eveloped must und ers tand and 
express this conceptual model to take maxi mum benefi t of i t . EZi s t ing 
programs may be included ov er thi s trans i ti on peri od , but only at am ' s 
l eng th  th rough tra nslat i on  progra• whi ch ca nnot take full advantage 
of the model . 

REOOMMENDATIONS 

The s peci fi c  re commenda ti ons of the group are : 

1 .  Ef for ts sho ul d  cont inue to refine aspe cts of the conceptual 
model and trans i t i on  func t i ons be fore a t t empt ina implementati on .  

2 .  Ezi s t ing sys t ems sho ul d  be evaluated in th e  l ight of the 
conceptual model pres ent ed here . Be cause the conceptual model is not 
fu l ly deve l ope d ,  effor ts sho ul d  be ma de to examine the par ts of the 
m odel that are known and und ers tood . 

3 .  Re s ear ch and fu tur e wor kshop discu ssions shoul d continue on 
the fol l ow ing topi cs :  

• int er fa ce of l eve l s  (external , conceptual , a nd  int erna l , 
espe cially us er vi ew to conceptual m odel ) ,  

• defini ti on of tra ns i ti on  func ti ons , 
• da ta capt ure proced ures , 
• consi st enc y  i s sues , a nd  
• da ta base  admin i s tra ti on i s sues . 

Ef for ts shoul d be suppor ted to l ink the needs of tho se in the 
build ing industry wi th those do ing w ork on arti fi cial int el li gence . 
The rol e  of ar t i fi cia l  int el l i gence in the deve lopment of the 
integra ted proj ec t da ta base should be fur ther expl ored . 
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A PROPOSAL lOB. A PROTOTYPE DEMOMSmATION OF 
AN INTEGRATED PROJEcr DATA BASE ( GI.OUP Cl ) 

During the cours e of the wor kshop , Group C spl i t  int o two s ec t i ons , 
Cl and C 2 .  Group C 2  concentra ted o n  the d evel opment o f  a proposal to  
communi ca t e  the usefu l nes s of  a int egra t ed pro ject da ta ba se ( s ee 
Chapt er  4 ) . Group Cl saw i t s charge a s  do i ng  t�e prel iminary planning 
for a pro to t ype demonstra t i on  of an int egra t ed pro j ec t  data base 
incl ud ing d eveloping hi gh-l evel functi onal requi remen ts , de fini ti ons , 
a nd the scope of the ef fort  (cost and ma npo wer requi rements ) .  The 
group cons i s t ed of Jim Burrows , Ken B.e inschmid t ,  Fred Ki t chens , Bo b 
He teri ck ,  Di ck Zi tzma nn and Pa ul Sca r po ncini . 

INTRODUCI'ION 

Compu ter-based technologi es have ha d  a sign i fi ca nt and po si t ive 
im pac t on the exi s t ing build ing process . Whil e  the resul t is an 
adva ncement of the bui l d ing process , i t  ha s creat ed i s lands of 
au toma ti on involving ind ivi dual da ta ba s es wi thout ( in mos t ca s es )  
communi ca t i on  and tra nsfe ra bi l i t y be twe en different compu ter sys t ems 
and be tween phases of the bui ld ing process . There fore , the build ing 
proce s s  is  fragment ed , and there is  cont inued segmenta t i on  of the 
professi onal s and func t i ons involved . 

The ever-inc reasing co st of des ign , const ruc t i on ,  opera t ing and 
ma intaining fa c i li t i e s  d emands a more e f fi ci ent approach to  the overa l l  
bui l d ing proce s s . Whi l e  the co st of des ign and con st ruc t i on  i s  qui te 
hi gh ,  it is est ima ted to average onl y be tween 7 and 17 percent of the 
to ta l  l i fe-cycl e co st of a fac i l i t y ;  the rema ining 83 to 93 pe rcent of 
the to tal cost  i s  in opera t i on and ma i nt enance . *  

Some of the co sts incur red th roughout the l ife cycl e of the 
bui l d i ng process are due to the fac t tha t informa ti on genera ted in one 
pha s e  of the bui lding process  i s  no t ava il abl e in subsequent pha ses 
and mu st be re gen era t ed . Much of the da ta needed are lost or 

*Na t i onal Res earch Counci l ,  A Report from the 1984 Workshop on Adva nced 
Te chnol ogy for Build ing Desi gn and Engine ering , Na t i onal Academy Press , 
Wa shi ng ton , D . C . ,  1 9 85,  pp.  3-4 .  
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di scarded s im pl y  be caus e the vari ous parti ci pants do not coord ina t e ; 
however , even wi th the best of int ent i ons to t ra nsfer da ta , there is 
no gen eri c  means of integra t ing informa t i on genera t ed on incompa t i bl e  
sof tware and hardware ut i l i z ed in the proces s .  

An ap proa ch i s  needed tha t provides a means o f  represent ing and 
exchanging da ta in such a wa y  tha t ,  regardl es s of the hardwa re a nd  
sof tware involved i n  the l i fe cy cle o f  a facili ty , informa t i on 
genera t ed in one pha se of deve lopment is  ava ilabl e in subs equent pha ses 
of the build ing process . The approach currentl y be ing inves t i 11 t ed in 
thi s ( a nd  previ ous )  wor kshops is terme d  the int egra ted pro j ect da ta 
bas e . 

The genera l goal of the group wa s to d evelop a propo sal for d emon
stra t i ng the concept of an integra t ed proj ect da ta bas e  by means of a 
pro to type sys t em.  The pro to type coul d be used to i dent i fy design 
probl ems , to work out sol u t i on s t rategi es ,  to t est da ta base integra 
t i on  and struc tural concepts , a nd t o  obtain fe edback from representa 
t ives of the po t ential us er c ommunity  on the princi ples in  the 
pro to t ype , a nd  on i mprovements in the ex tend ed sys t em .  

The c om ponen ts o f  the pro to t y pe  desi gn include the following : 

• a re lat i onal da ta base management sys t em ( DBMS ) a nd  query 
la nguage , 

• two or more sof tware ap pl i ca t i ons sys t ems , 
• c om pu t er hardware capabl e of sup port i ng  the selec t ed DBMS and 

appl ies t1 on s ,  
• engin eer ing worksta t i on s  wi th graphi cs capa bi l i ti es ,  a nd  
• integra t i on sof tware . 

OB JECTI VES 

The ma j or object ives of the pro toty pe s tudy are : 

• To eva lua t e  the sui ta bi l i ty of a general rel at i onal da ta base 
management sys t em  a s  the founda ti on for the int egra t ed project da ta 
base ,  

• To expl ore the requi rement s for da ta shar ing and int egra t i on 
among d i ss imil ar func ti ons o pera t ing across di sci pl ine and or�Sn i za 
t i onal boundari es ,  

• To study the req uirements for ac ces s to external da ta bases and 
me tho ds for provi d i ng  such access through the project da ta ba se , 

• To develop pro j ect da ta d i ct i onari es and directori es , 
• To eval uate the prac t i cal d i f fi cul ti es and requi rements for the 

int egra t i on  of indust ry standard ap pl ica t i ons sof tware wi thout modifi 
ca t i on s  to  thi s software , 

• To expl ore the requirement s and me tho ds for the d es i gn  of the 
project da ta base int egra t or func ti ons , incl ud i ng  the da ta 
d i e t !  onari es , coiiiDuni ca t i  oos , tra nslat i ons ,  a c ces s ,  a nd  securi ty , 

• To d emons trate  the proof of princi ple that such an integra t ed 
pro j ect da ta base sys t em i s  workabl e ,  
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• To eval ua t e  the co sts and benefi ts o f  the int egra ted pro j ect 
da ta ba se s ys t em ,  

• To obta in fe edback and eva luat ion from the users of the pro to
ty pe s ys t em  in government and industry , 

• To establ ish func t i onal spe ci fi ca ti on s  for the design of an 
enhanced s ys t em  c overing a broa d er range of ap pli ca t i ons , and 

• To establ ish sta ndards for data bases , query language s , a nd  
ap pli ca t i ons sof tw are d evel opment . 

Da ta Ba s e  Ma nagement Sys t em ( DBMS ) 

The DBMS used for the prototype will be a commerci ally availabl e 
re lat i onal sys t em wi th a user ac ce s sib l e  query language , s uch a s  RIM 
(Rel a t i ona l  Informa t i on Syst em ) , S QL ( St ruc t ured Qu ery Language ) ,  DB 2 ,  
Oracl e ,  or other s .  The re search team wi l l  evalua t e  al l exi s t ing 
rel a ti onal sys t ems and s elec t that one whi ch i s  most compat ible wi th 
the obj ec t ives of the study . 

Appl i ca t i ons Sof tware 

The ap pli ca ti ons sof tw are for the protot y pe  s ys t em  will  be s e le c t ed 
from the mo st wi dely used compu ter-a i ded func t i ons in the bui ld ing 
industry . The ap pli ca t i ons wi l l  be s elected from d i f ferent di sci pl ines 
s o  tha t the is sues of the int egra ted da ta base extend ing across 
tradi ti onal di sci pl ine , func t i on ,  and organ i za ti onal boundari es can be 
fu lly upl ored . 

The fo llowing s ug ge st i ons const i tute  severa l  exa mpl es of po ssib l e  
se ts o f  ap pl i ca ti ons sof tware tha t coul d make u p  the pro toty pe .  The 
fina l  sel ec t i on  of the ap pl i ca t i oos sof tware wi ll be made during the 
s tudy phas e  f rom among these and poss ibl y  o ther e xampl es . 

The nature of the bui l d ing fu nc t i on  is such tha t geome tri c da ta are 
cri ti cal to the ent i re  des i gn and cons t ruc ti on process . There fore one 
of the sel ected ap pl i ca t i ons areas wi ll be compu t er graphi cs ; more 
speci fi cal l y , a comput er-a ided desi gn ( CAD) sys t em  ca pabl e of use b y  
archi tectura l and engin eering orga ni z at i on s .  Thi s CAD sys t em mi ght be 
drawn from the fo llowing set of commercial vend ors : Appli con , Au t o CAD , 
Au to tro l ,  CADAM, CALMA, CATI A, CD-2000 , Compu terVi s i on ,  GDS , Int er
graph , or o thers . The chos en sys t em  mus t  provide an int eract ive 
compu ter-a i ded des i gn  and dra f t ing in t er face , and a compu ter da ta ba se 
capable of on-l ine s t orage and re tri eval of two- and three -d imensi onal 
ob j ects , symbo l s ,  and t ex t .  

Exa mpl e 1: Archi tectural and me cha ni ca l  des i gn da ta . 

In thi s e xam pl e ,  the pro toty pe will  cons i s t  of the integra ti on  o f  
arch! tectura l and me cha ni ca l  des i gn  func ti on s .  The me chani ca l  d es i gn  
func tion wil l b e  en ergy anal ys i s ,  and hea t i ng  and a i r-cond i t i oning 
sys t em d es i gn .  The sof tware ap pl i ca t ion wi l l  be an energy analys is 
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sys t em s uch as BLAST. The int egra t ed pro j ect data base func t 1 Clll wi l l  
be t o  access archi tec t ural s pa t i al and func t i onal desi gn da ta s t ored 
in the CAD d a ta base , to ac ce s s  cl imat ologi ca l  da ta st ored in external 
da ta ba s es ,  to s t ore me chani cal and thermal properti es of archi tec t ura l 
a nd st ruc tural e l ements ( therma l conduc t ivi t y ,  therma l capac i ty , a i r  
infi l tra t i on ,  et c . ) ,  to make these da ta ava i l able to the energy 
a nalys i s  ap pl i ca t i ons ,  to st ore the res ul t s  of the energy analys i s  and 
desi gn cal cula ti ons , and to  make thes e resul ts available to the 
archi tectural CAD sys t em for graphi ca l  d is pl ay and eva luat i on by the 
archi tect ural desi gners . 

Exa mpl e 2 :  Archi tectural and st ruc tural d es i gn da ta 

In thi s e xam pl e , the pro toty pe wi l l  cons i st of the integra ti on of 
archi tectura l and struc tural d es i gn  fu nc ti ons . The st ruc tura l 
func tions will incl ude s t ruc t ural steel frame anal ys i s , a s elec ti on of 
ro ll ed and bui l t -up s t eel sect i ons , and structura l deta i l ing and 
connec t i on d es i gn .  The integra t ed project da ta bas e  functi on wi ll be 
to access  archi tec tural spa t ial des ign da ta stored in the CAD data 
bas e ,  to access bui ld ing code da ta s t ored in ext ernal da ta base (a l l ow
abl e fl ow l oads , wi nd l oads , e tc . ) ,  to forma t the se da ta in a wa y  
sui tabl e  for access by the s truc tural anal ys i s  and des i gn  sof tware ( for 
exa mpl e,  STRUDL) , to store member s iz es , end forces , moments , a nd  
de flection cal cul a t i ons for access by the CAD sys t em  used for connec 
ti on deta i l ing and struc tural  shop drawi ngs , a nd to store pr iva te 
s truc t ural member s ize da ta  for uae by archi tec t ural and me chani ca l 
des i gn er s . 

Exa mpl e 3 : Building des i gn  da ta ,  ma t er i al quant i ti es ,  a nd  cons t ruc t i on  
management da ta 

In thi s exampl e, the pro to type wi ll  consist of the int egra t i on  of 
archi tec t ural and engine ering desi gn func ti ons , quanti ty t radeof fs , 
construct i on pl anning , a nd  construc ti on sche dul ing . The int egra t ed 
project da ta base will access geome tri c  da ta s t ored in the CAD da ta 
base . Ma teri al quant i ti es (l eng th s ,  areas , volumes , a nd  numbers of 
it ems ) wil l be ex trac ted from the ge ome t ri c  da ta and computed by the 
CAD sys t em.  The int egra ted pro j ect da ta base wi l l  conta in relat i ons 
mapping the desi gn enti ti es onto construction work pa ckages and c on
s t ruc t i on fi eld ac t ivi ties using the pro j ect construct i on  work break
down s t ruc t ure . These quan ti ty  da ta woul d be made ava il able through 
the int egra t ed pro j ect  da ta base to contractor s , would compu te con
s truc t i on lab or ho urs for each work package and act ivi ty  from the 
quant i ti es and the uni t ra tes for produc ti on .  Dura ti ons of const ruc 
tion act ivi t i es would be d erived from the computed l ab or hours and the 
d esired construc t i on  ma nl oading . The s e  da ta wo ul d  be made avai lab l e  
th rough the integra ted project da ta base to ne twork schedul ing programs 
for compu ta t i on  of the cri ti ca l  pa th s  and fl oats . Ma t erial quant i ti es 
d i s t ribu t ed over ac t ivi ti es would al so be ua ed to compute ma t erial 
co sts as a func t i on of t ime ; the combinat i on  of ma t er i al and l abor 
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cos ts wi th the c ons truc tion ne twork schedule would genera t e  projec t 
ca sh fl ow pro j ecti ons . The int egra ted pro ject da ta ba se woul d gre atly  
faci l i ta t e  opt im i za ti on of  the desi gn and construc t i on pl anning 
proce s s ,  a s  the ef fe cts of des ign change s or const ruc t i on  schedul es and 
cos ts would be read ily pro pa ga t ed through the construc ti on pl anning 
sys t em. 

EXIS TING SUPPORTING IDO LS 

There exi s t  use ful sup port ing tool s wi th or wi thout general da t a 
ba se ma nagement capa bi l i t i es tha t coul d form a mor e coherent , b ut 
loosely coupled , set  o f  sup por t i ng  tool s i f  an integra t ing c om ponent 
were avail abl e .  

Da ta in the sys t em tha t have a usefu l  l ife are vari abl es whi ch ma y  
need t o  b e  used a t  a la t er da t e . Da ta will be capt ured in a da ta ba se 
or da ta bases (there wi l l  probab ly be mor e than one ) whi ch is  d escribed 
by a s tandard forma t da ta di c ti onary d i rec t ory . There i s  such a 
standard be ing proces sed now . 

I .  A rou tine proce s s  wi th inpu t  and out pu t onl y and no prob l em
speci fi c  a s socia t ed da ta , woul d need to have a ma chine-rea dable 
descri p t i on  of i ts  da ta needs in di ct i onary form ( forma t , co din g ,  e t c . ) 
and a machine-rea dable descri ption of i ts out put in di cti onary form . 
Thi s wo ul d  allow a DBMS whi ch coul d  ge t the da ta to prepare an in pu t  
to the routine ; in add i t i on ,  i t  woul d know tha t the out put wa s 
avai labl e for other routines or proce s ses or for ex trac t i on  of da ta to 
be input to ano ther fi l e  for fur ther process ing . 

I I .  Da ta a ssoci ated ( �) wi th a seri es of proces ses and whi ch sta y 
ne ar thos e pro cesses will no t be ava il able to the s ys t em (except 
th rough sta ndard repor ts as in I )  u nl es s :  

1 .  The da ta are ava i l able through a n  a s socia ted da ta base mana ge 
ment sys t em (ADBMS ) ,  a nd a centra l  sta ndard d i ct i onary i s  ava i l abl e and 
a centrally pre pare d qu ery langua ge s ta t ement ( s tandard i f  poss i ble ) 
ca n be sent to the ADBMS to  ex tra c t  the reques t ed da ta and send i t  to 
the central int elli gence for fur ther process ing ( poss i bl e  re forma t t ing 
and tra nslat i on )  t o  the reques tor . 

2 .  A s ta ndard reques t  w.i ll tri gger the DA be ing s en t  to a cent ral 
process for fur ther s ele c t i on and process ing . 

3 .  A s tandard reques t  w.i l l tri gger a tra nsformed vers ion of the 
da ta to be pre pared and tran smi t t ed . 

4 .  Other schemes whi ch pre s er ve the abi l i ty of tra nsmi t t ing a 
da ta s equ ence whi ch can be und ers tood by the re ci pi ent . 

III. Genera l repor ts (n o t  pre ca nned repor ts ) be yond the ca pa bi l i ty of 
any of the ind ivi dual s of the confed era ted sys t ems to produce will  onl y 
be ava i l abl e i f  the da ta needed for the repor t ar e availabl e cent ra l l y . 
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I V.  Speci fi c re ports c ur rently ava il abl e from any of the associated 
processes wi ll  st i l l  be ava i labl e wi thout translat i on ,  i f  po ssibl e .  
If a s tandard transforma t i on ,  such a s  IGES , wi l l  make the re port 
avai l abl e to another l oca l e ,  s uch a tra nsforma t i on  wi l l  take pl ace .  
If the s tandard re ports can onl y be made ava il able th rough a process 
a s  in I above , tha t wi l l  be po ssibl e .  

V .  Text fi l es wi l l  be available in AS CI I .  If forma t t ing codes are 
needed to pre s erve the abi l i t y to word proce s s  the tex t ,  a s oluti on 
s imi l ar to the Navy ' s  Do cument Int ercha nge Forma t (DIF)  wi l l  be used . 

VI . It has been shown (s ee ANS ER  by Informa t i cs )  tha t severa l  ma in
frame da ta syst ems ( IMS , IDMS , TOTAL , MARK IV) can make da ta ava i l able 
to  PC sys t ems ,  DBAS E I I  and LO TUS 1 -2- 3 .  Possibly a s i mi l ar sys t em 
wi th m ore gen eral i t y  shoul d be ava i l abl e .  

VI I .  A query l anguage aga in st the cent ra l fi l es should be sel ected . 
It i s  ho ped tha t a na t i onal standard QL wi ll  be ava i l abl e . Thus , the 
da ta ac ce s s ibi l i t y woul d  be simi l ar to the d iagram in Fi gur e  6. 

CONCEPTUAL MODEL 

The probl em examined in the previ ous workshops involved repre
sent ing and exchanging da ta in such a way that , re gardless of the 
hardware and sof tware invo lved , one coul d loOk at the ent i re l ife 
cy cle of the fac i l ity  and the informa ti on tha t wa s genera t ed in one 
pha se coul d be ca r ri ed int o another pha se . The conceptual model 
d evel o ped wa s cal l ed integra t ed project da ta bas e  (see Fi gure 1 ) .  

There are ap pl i ca ti ons tha t are ei ther exi s t ing n ow  or wi ll  be 
wri t t en l a t er t o  perform some ta sk by the archi tect , engine er , 
cont rac tor or fa c i l i ti es ma nager . Thes e  appl i ca t i ons may be working 
off a da ta base  management sys t em ,  they may s impl y  have some t y pe  of 
ex ternal fi l e  struc ture for st oring the ir da ta , or the y may be of a 
clos ed archi tec t ure whereby the ir da ta s t ora ge mechani sm i s  
inac ces sibl e from ex ternal hardware . 

The group int roduced the concept of a tra nsi t i on  da ta ba se ( s ee 
Fi gure 7 ) . Be cause c erta in ap pl i ca ti ons are short er than the li fe 
cycl e of the ent i re pro j ect , one ca nnot a l wa ys count on the fac t  tha t 
the da ta are avail abl e f rom tha t ap pl i ca t i on .  The ca pabi l i t y  i s  
needed t o  take the common da ta tha t are needed for d i f fe rent 
ap pl i ca ti ons and s t ore them in the trans i ti onal da ta bas e . 

The cent ra l  fu nc t i on of the int egra ted da ta bas e approach i s  
t ermed a n  integra t or ( s e e  Ta bl e 2 ) . The first  part o f  the integra t o r  
i s  the communi ca tor whi ch al l ows the da ta to fl ow .  It wi l l  consi st  of 
hardw are , sof tw are and pro tocol s ,  and will  exi st  physi cal ly t o  m ove 
da ta wi thin the sys t em.  

The ac ces sor is  the me thod of obtaining those da ta from the 
vari ous da ta re pos i t ori es . The sum col lec tion of all rel evant da ta 
exi s t ing in all the se data repo s i tor i es cons t i tutes the int egra t ed 
project da ta bas e .  
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FIGURE 6 Data accessibility. 
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r - - - - - - --, 
I 
1 Appl ications 

I NT E G RATO R 
I 

8-8 • Director 

• Accessor 

• Communicator 

• Translator 

I 
• Ad ministrator L _ _ _ _ _ _  .....J 

D E SC R I PT I O N  

Data not un ique t o  a particular project 

Data created by project participant
graphic models, schedules, etc. 

Data whose l ife cycle extends beyond 
participant's role-equi pment specs, 
design loads, etc. 

FIGURE 7 Integra t ed project da ta base  c om ponen ts . 

The tra nslator understands the forma t the da ta are in , bo th from 
the source and the t arget , and ha s  to be able to  t ranslate  tha t infor
ma t i on .  The dire c tor ha s knowl edge of where the da ta are st ored a.nd 
an indi ca tion of whe ther the da ta are l imi ted in scope to a parti cul a r  
appl ica t i on  or shoul d be con sidered pa r t  of an in t egra t ed da ta ba se .  
The a dmin i s t ra t or mainta ins the cons i st ency of the da ta and address es 
i s sues such a s  securi ty and permi s si on to acce s s  the data base . 
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TABLE 2 Role of the Integra t or 

Canponent 

• Communi ca tor 

• Accessor 

• Transl a t or 

• Dire c t or 

• Admini s tra t or 

35 

Rol e  

Hardware , s of tware and pro toco l s  to 
t rans port da ta physi cal ly  

Da ta mani pula t i on func t i ons 
required to query or st ore data 
anywhere in the integra t ed projec t 
da ta ba se--pe rhaps a s  a S QL model , 
und ers tand ing da ta s emanti cs/ 
eq uiva l ences 

Und ers tands and t ranslates source 
and targe t da ta forma ts 

Knowl edge of where da ta can be 
fo und , if i t  needs to be 
transl a t ed , how accessed , et c .  

Rules for incl us i on in trans i t i on 
da ta ba se , consi st enc y req ui rements , 
read and upda te authori za t i on ,  
int egri ty req ui rements ,  e tc .  

IMPLEMENTING THE PROTO TYPE DEMONS TRATION 

To im pl ement thi s concept , the group de cided to look a t  the 
ob j ect ive s of pu t t ing t oge ther a pro totype sys t em ,  a nd then use the se  
in t erms of  desi gning tha t sys t em ,  and val i da t i ng  the int egra ted 
pro j ec t  da ta base concept . The group be l i eves tha t thi s new approach 
shoul d be val i da ted a s  to whe ther i t  is cost effect ive to d evelop i t  
and the benefi ts tha t ca n be ga ined from i t . 

The group de cided to expl ore he t erogeneous int egra ti on be ca use the 
s oftware is ava i l abl e today ,  and cer ta in t ype s  of hardware addres s 
di f ferent ap pli ca t i ons be t t er than o ther t y pes .  It i s  important t o  
a ssure tha t the int egra ted pro j ect da ta base wi l l  support a he tero
geneous envi ronment . In a dd i t i on ,  there are e xi s t ing s tandards of 
pro toco l .  The ro l e  of the external da ta base ,  in t erms of a source of 
informa t i on to  the projec t , has t o  be und ers tood . 

It wa s sugge s t ed tha t re l a t i onal da ta base ma nagement sys t ems be 
used for the integra t ed projec t  da ta ba se . The group de ci ded t o  
expl ore thi s opt i on ,  a nd eva lua t e  whe ther thi s t ype o f  management 
syst em is feas i bl e . 

The components of the ini tial pro to type wi l l  be a re l a t i onal da ta 
base  management sys t em wi th qu ery l anguage . The canput er hardware i s  
ca pa bl e  of re ce iving the selected da ta base ma nagement sys t ems and the 
ap pl i ca t i ons . The comput er hardware shoul d vary to be able  to show the 
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he terogeneous na ture . There are certa in needs for graphi cs tha t may be 
d i f f erent from o ther indu s t ri e s  tha t are d eveloping s imil ar types of 
concepts . 

PRO POSAL FOR A DEMONS TRATION PRO'IOTYPE 

The group di scussed what i t  would take t o  put toge ther thi s  t y pe  
of pro to t ype demonst ra t i on from a management po in t  of vi ew .  It  beca me  
evident to  the group tha t a projec t manager would b e  needed to  control 
the development , to und ersta nd the concept , a nd  to be abl e  to formul at e 
i t  in t erms of deta iled des i gn  and implementa ti on .  A perspect ive 
ma nager shoul d be ma de ava i l ab l e  as soon a s  po ssib l e  to drive the 
desi gn of the projec t .  This  i s  most l ikel y a ful l -t ime person , 
d ire ctl y report ing to the Bui l d ing Re search Board . 

Pro jec t Organ i za t ion 

The propo sed orsa ni z at i on  wi l l  be sta f fe d  ini tial ly to prepare the 
desi gn requi remen ts and projec t plan . The orsan i za ti on wi ll  be 
expa nd ed to ac commoda t e  subseq uent i mpl ementa t i on  and test ing 
act ivi ties  upon re ce i pt of approval t o  proceed . F.l gure 8 illustra t es 
the ini ti al pro j ect orsa ni z a t i on requi red to support the propo sed 
act ivi t y .  

I N R C/B R B  I 
I 

I Project Manager I 
I 

I I I 
Systems Large CAD 
Integration Systems Systems 
Coord i nator Coord i nator Coordi nator 

Appl i cations/ 
Demo nstrat ion � 
Coordinator 

FI GURE 8 Demonst ra t i on  pro j ec t  orsa ni z a t i on .  

Program Manager 

The program ma nager wi l l  have overa l l  program responsib i l i ty 
incl ud ing co ord i na tion of all admin i s t ra t ive , te chni cal and log i s ti cs  
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act ivi t i es . The program manager wi ll be respons ibl e for pre para t i on 
and submi s s i on of the propo sal for the i mpl ementa t i on  of the int egra ted 
da ta base d emonstra t i on .  The program manager wi ll re port to the 
Bui lding Re s earch Board of the Na t i onal Res earch Council and wi l l be 
dedi ca ted on a ful l-t ime bas i s  through project complet i on .  

Sys t ems Int egra t i on Coor d inator 

The sys t ems int egra t i on  co ordinator wi l l  be responsible for 
integra t ing al l of the hardware , sof tware and appli ca tions requi red to 
i mpl ement the demonst ra t i on .  Thi s co ordinat or wi ll be responsibl e for 
the overal l te chni cal des i gn and eventual implementa t i on .  The s ys t ems 
int egra tor wi ll  be knowl edse ab l e  in archi tec tura l appl ica t i ons , a s  we l l  
as i n  the us e o f  c omput er te chno logy t o  so lve relevant probl ems in thi s  
a r e a  th rough the des i gn  pha se . Thi s pe rs on wi l l  be ava ilabl e on a 
ha lf-t ime ba s i s . 

Large Sys t ems Coordinator 

Thi s ind ivi dua l wi l l  provi de the neces sary techni ca l  suppor t in the 
area s of mainframe hardware , opera t ing sys t ems sof tw are , product se t 
and ap pl i ca t i ons .  Thi s  coordinator wi l l  be respons ib l e  for pa r t i ci 
pa t ing in the overal l des i gn  o f  the d emons t ra ti on and coord i na t ing 
addi ti onal suppor t resource s a ssoc i a t ed wi th the sphere of responsi
bi l i t y . Thi s  person wi l l  be  avail a bl e  on a quart er-t ime bas i s  th rough 
the des i gn  pha se . 

CAD Sys t em Co ord ina t or 

The CAD sys t em co ordinator wi l l  provi de the neces sary technica l 
sup port i n  the area of works ta ti on hardware , software , product se t and 
appl ica t i on s .  Thi s coordinator wi l l  be responsib l e  for pa r t i ci pa t ing 
in the overall des i gn of the d emons t ra t i on and co ord i na t ing add i t i onal 
s uppor t res ource s associated  wi th the sphere of  responsibi l i ty .  Thi s 
person wil l  be ava il abl e on a quart er-t ime bas i s  through the desi gn 
pha s e .  

Ap pl ica t i on s/Demon st ra t i on Coordina tor 

The ap pl i ca t i ons/d emons t ra ti on co ord i na t or wi l l  be respons ible for 
the select i on  of the appl i ca t i on s  to be demonstra ted and the ope ra t i on 
of the d emons t ra t i on .  Thi s ind ividual wi l l  repres ent the archi t ec t ur
a l /engi neering communi ty and wi l l  ens ure tha t the overa l l  int ent of the 
ap pl i ca ti ons d emons tra ti on i s  ad dress ed . This ind ivi dual wi l l  be 
avai labl e on a half-t i me basis th ro ugh the des ign pha se . 

Tabl e 3 shows the propos ed proj ec t milestones , man months and 
cos ts .  
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TABLE 3 Propo sal for a Pro totype Sys t em :  

Pro j ec t  Mi l est ones 

o Draft proposal 
o Te am i dent i fi ed 
o Pro posal to cand i da te s ponsors 
o Award 
o Desi gn complet e  
o Revi ew wi th NRC/sponsor 
o Proposal  for implementa t i on 
o Award 

Pro j ect  Costs 

o Project manager 
o Int egra t i on  co ordinator 

Te chni cal support 
o Large sys t ems co ordinator 

Te chni cal support 
o CAD sys t em coordinator 

Te chni cal sup port 
o Ap pt ics ti ons/demo coordinator 

Te chni cal support 

Pro j ect Cost Summary 

Labor 66 � @ 1 0 , 000 
Travel /per d i em  

"roTAL 

Parti ci pants Share 
Req uest ed Fu nd ing 

Project Milestones aDd Costs 

Da t es 

6/21/85 
8/85 
9/85 

11 /85 
3/86 
6/86 
6/86 
7/86 

Ma n  Months (HH) 

1 2  HH 
6 HH  

1 2  HH 
3 HH  
6 HH  
3 HH  
6 HH  
6 HH  

1 2  HH 

$660 , 000 
40 , 000 

$700 ,000 

$ 350 , 000 
350 , 000 
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PROPOSAL lOB. A DIMOIIS'l'RATIOif BY OOMMUifiCATIOif 
(GROUP C2) 

Group C2 , cons i s t ing of Wa l t er Day , Ka imen Le e ,  Earl Mark , a nd  
Jane t S poonam ore vi ewed the overall goal s o f  the demonstra ti on projec t 
a s  the communi ca t i on  of the useful nes s of an int egra t ed pro j ect data 
base to al l po t ential us ers . The group selec t ed the int eract ive vide o 
d i sk a s  the demonstra t i on  me d i um and deve lope d a propo sal to ac compl ish 
thi s  project . 

DE VELOPMENT OF THE S "roRY BOARD 

The purpose of the s t ory board approa ch i s  to re pres ent a s  
compl ete ly a s  po ss ib l e ,  wi th words and ske tche s or drawings , wha t wi ll 
be or can be an int eract ive video d isk that wi ll  run on a mi cro 
t erminal as  a demonstra t i on  of the usefu l nes s of the int egra ted pro j ect  
da ta base . The video d i sk woul d illustra t e  th rough a s imple e xampl e 
pro j ect ( in thi s ca se ,  a one-ro om schoolho us e )  the bui ldup of data 
wi thi n the integra ted projec t da ta ba se , and how the da ta contained 
there in woul d be of use to tho se invo lved in the bui l d ing proce s s- 
includ i ng  the own er and us er of the fa ci l i t y . 

The story board ap proach consis ts of a t  l east fOur pa r ts : 

1 .  An act ivi t y/out c ome ou tl ine tha t spans the ent i re buil d ing 
proces s , 

2 . A f rame -by-frame ske tch of pi cture repres en ts t i ona of wha t is  
envi s i oned as  the video medi a to  show , 

3 .  A min i ature model tha t woul d  be incl uded in all vi deo frames 
and woul d gra phi cal l y  (by co l or scheme or point ers , or some o ther 
sche me )  show the vi ewer using the vi deo where in the proce ss he or she 
i s  a t  any t ime , and 

4 .  A wri t ten nar ra t ive desc r i p t i on  of the proces s  tha t woul d  be 
rec orded wi th the video . 

Dur ing thi s workshop the group wa s abl e to accompl ish onl y  a 
porti on of the ab ove . The group agreed on a concep tual model of the 
bui l d ing proces s  and on the use and storage of da ta . It had diffi cul t y  
represent i ng tha t concept on pa per s o  tha t i t  woul d be und ers tandable 
and ac cepta bl e  to the rema ind er of the workshop pa r t i ci pa nts . 
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However , the group used the concept of the model to outl ine the 
act ivi ti es and out comes for the ezample through the opera t i ons and 
ma int enance pha se of the bui lding process . It also sketched frame-by
frame representa ti ons of the video covering planning ,  pre -desi gn ,  and 
design deve lopments . 

The group pi ans to  commi t to compl eting the four pa r ts outl in ed 
above , wi thout ou ts ide fi scal or contrac tor assistance . The group 
wi ll try to incorpora te the results of Groups A, B, a nd  Cl . 

The group proposes to use the publi ca t i on of the resul ts of this  
deve lopment proces s as  the bas is for prepara t i on  of a vi deo disk  for 
use a s  a demons tra t i on a t  the 1986 workshop . 
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APPBHDIX 1 

BIO<aAPRICAL BACICGROURD OF PARTICIPANTS 

CHARLES L .  ( CHU CK) AlWOOD i s  a regi s t ered ar chi tect wi th a cer t ifi ca te 
in da ta process ing . He re ce ived a ma s t er of archi tec t ure degree 
from the Un iver s i ty of Ill in oi s  combining ar chi tectural engineer
ing , c ivil engine ering , and comput er sci ence co urs es into an inde 
pend ent study opt i on .  He worked 5 ye ar s  in the Chi cago of fi ce of 
Sk i dm ore , Ow ings and Merri l l , d eveloping softw are for s t ruc t ura l , 
pro j ect ma nage ment , graphi c ,  da ta  base , a nd  program d ev e lopment 
ap pii ca t i ons . For 3 ye ars he wa s corpora t e  d i rec t or of comput er 
s ervi ce s  for He l lDD th ,  Obs ta ,  a nd  Ka ssabaum ( R>K) , a St . ID ui s
based archi tec t ural and engine ering f i rm .  Since January 1985 , he 
ha s been pre s i dent and CEO o f  the HOK Compu ter Servi ce Corpora t i on ,  
a subsidi ary of HOK, special iz ing in comput er sof tw are for the AEC 
marke t pi ace , s pe ci fi ca lly profe s s i onal des ign and fa ci l i ty 
management s ys t ems . 

HAROLD BORKIN i s  an ar chi tect and profe ssor of ar chi tecture and ur ban 
plann ing a t  the Un iversi ty of Mi chi gan . He i s  d irec tor of s evera l 
compu ter-a i ded des i gn  re s ear ch pro j ects for the U. S .  Army Cor ps of 
Engine ers . He i s  a l so the d i rec t or for the d evel opment of the 
AR CH ,  a mo del compu ter-a i ded des i gn  sys t em.  Profe s sor Barkin ha s 
au thored num erous arti cl es and pa pers on a dvanced t e chnologi es for 
housing and compu ter-a i ded des i gn . He rece ived hi s bache lor of 
archi tec t ure from the Un ivers i ty of Mi chi gan . 

DONALD D. BOYLE i s  s eni or sta f f  engin eer and ac ting d epu ty director , 
Divis i on of Management Servi ces , Food & Drug adm in i s tra ti on .  He 
i s  al so a l i censed archi tect and a l i censed engineer . Mr . Bo yl e  
ha s previ ously worked wi th the Nava l Facil i ti es Engine ering Command 
a nd in the pr iva t e  sect or . 

JAMES H.  BURROWS has been the dire ctor of the Ins t i tu t e  for Compu ter 
Sci ences and Te chno logy , Na t i ona l  Bureau of Standards , De partment 
of Commer ce since 1 9 7 9 .  The Inst i tu te ma nage s the government -wi de 
fed era l comput er s tandards program , provides te chni cal a ss i s tance 
to fe dera l agenc i es in the use of compu t er t e chnolog y ,  and conducts 
rela t ed c om put er sci enc e rese arch . These act ivi ti es are aimed a t  
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i mproving econaDy and effe ct iveness in the procurement and use of 
CaDput era by the fed eral government . Pri or to 1979 , Hr . Burrows 
wa s associ ate d ire ctor , Of fi ce of Compu ter Re source s , U. S .  Ai r  
Force . As the Ai r  Force ' s  s eni or c ivilian mana ger for da ta au toma 
t i on ,  he wa s responsib l e  for d eve lopi ng and impl ementing po li ci es 
for ADP mana gement , o pera ti ons , pro curement and s tandards util i za
t i on .  Be fore thi s ,  he directed the deve lopment of l arge 
informa t i on syst ems and da ta mana gement proje c ts for the Mi t re 
Cor pora ti on and the Linco ln Labora tor y in Ma ssachu setts . Hr .  
Burrows re ce ived hi s B . S .  in engine ering fraD the Massa chuset ts 
Inst i tu te of Te chnology in 194 9 a nd  hi s M . S .  in ma thema t i cs  from 
the Un iversi ty of Chi cago in 1951 . 

C .  PAltU <X DAVI S ha s been the chi ef of the Techni ca l  Engin eer ing 
Branch wi th the Sou th Atlanti c Divis i on of the U . S .  Army Cor ps  o f  
Engin eer s s ince 19 78.  I n  thi s po si ti on  h e  i s  responsib l e  for 
planning , organiz ing , d irec t ing and co ord ina t ing the work of the 
me chani ca l ,  e l ectri ca l ,  s t ruc tura l , hydraul i cs , environmenta l , 
archi tec t ural and cost  engine ering di sci pl ines for a wide vari ety  
of  Army and Ai r  For ce pro j ects and civ i l  works projects in  seven 
sou thea st ern s ta t es , Pu erto Ri co and the Virgin I slands . Hr. Dav i a  
is interested i n  opt imum compu t er sys t em development a nd  util iz a
ti on for the d ivisi on and f ive d i s tri c t  of fi ces .  Parti cul ar area s 
of cur rent empha sis incl ude co s� est ima t ing and d es i gn  sys t ems to 
im prove desi gn revi ew qual i ty and to shorten desi gn t ime . He is a 
regi s tered profe ssional engineer and a gra duate of the Un iversi ty of 

Mi ss i ss i p pi and the Un ivers i ty of Te xa s . 

WALTER C. D&Y i s  the assista nt chi ef of the Engineering Divi s i on ,  U. S .  
Army C or ps  o f  Engine ers , Sou th Pa ci fi c Divis i on lo ca t ed i n  San 
F ra DC isco .  Hi s  publishe d technica l pa pe r s  are in the ra diati on 
sa fety fi eld and in the us e of explos ives (bo th chemi cal and 
nucl ear ) i n  civ i l  engineering appl i ca t i ons .  He is  cur rentl y the 
Sou th Pa ci fi c Divi s i on ' s  point -of -contact wi th CERL for te chnolog y 
t ra nsfer and fi eld tes t ing of R& D  produc ts 1n the ar ea of 
"au t oma t i on in the build ing process . "  He rece ived his A. B .  in 
phys i cs  from Ear lham Col l ege in 19 56 a nd  hi s MS CE from Sta nfor d  
Un ivers i ty i n  197 5 .  

H.  LAWRENCE DYER i s  a senior consul ta nt w1 th the Environmenta l Te ch
nology Cent er for pro fessi onal s ervi ces a t  the Control Da ta 
Cor pora t i on  w1 th re spons ib il i ty for produc t development and 
marke t ing .  Current projec ts include the desi gn of an int e gra t ed 
compu ter sys t em for use by wa ter ut1 U t1 es , wa t er ma nagement 
agenci es , and the ir engine ering contra c t ors . His past experi ence 
incl udes wa t er res ources development at  Argonne Na t i onal Labora tory 
and envi ronmental engine ering for Sci ence Ap pli ca t i on Inc . Hr .  
Dyer ho lds member shi p 1n the Ameri ca n  Soci ety of Civil  Engi neers 
and o ther hon orary and pro fessi onal soci e ti es .  He i s  a me chani ca l  
engin eer wi th d egre es from Wentwor th Inst i tu t e ,  the Un iver s i ty of 
Arkansas and Purdue Un iversi t y . 
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JACK F .  Eta! CO i s  manager of coat and s chedule for Be chtel Power 
Cor pora t i on ' s  Lo s Ange l es Po•r Divis ion where he has the respon
s ibil i ty for � pl ement ing and a dm inist ering cost and schedule 
s er vi ce s  on bo th int ernati onal and domes t i c  pro jects . For more 
than fi fteen ye ars he ha s supervi s ed the d evel opment and implemen
ta t i on  of automa t ed co at , sche dul e and ma t er i al sys t ems for use in 
the engine ering/ cons truc ti on indus try . At Be chtel , he ha s s erved 
on a number of re lated commi ttees incl uding the Compu t er Ap pl ica
t i ons Comm i t tee and a s  cha irman of the Los Angeles Power Divisi on ' s  
Pro j ect Contro l Advi s or y  Group . Mr . Enr i co is a member of the 
Am eri can Associa ti on of Cost Engine ers , where he s erves as na ti ona l  
d ire c tor for pro j ect ma nagement ; the Pro j ect Ma nagement Insti tu te ;  
the Los Angeles Council of Engine ering So ci e ti e s ;  the Plann ing and 
Sche dul ing St udy Te am of the Bu siness Ro und ta bl e ;  and pa r t -t i me 
lec t urer a t  the Un iversi ty of Sou thern Cali fornia Gradua te Schoo l 
Depar t ment of Civ i l  Engi neer ing . 

ROB ERT J. FURLONG has been a c ivil engine er wi th the U . S .  Ai r  Force 
on the sta f f  of the Di rectora te of Engin eering and Servi ces since 
1982 .  Pri or to thi s pos i ti on ,  he wa s a project engine er wi th the 
Nav a l  Fa ci l i ti es Engi neer ing Comma nd . He is respons ib l e  fo r 
d evel oping and ma inta in ing c ivil engine ering crit eri a for al l t y pes 
of Ai r  Force fa cil i ti es .  Mr . Furl ong has severa l ye ar s  experi ence 
in the use of comput er-a ided desi gn and management informa t i on 
sys t ems .  Hi s  cur rent interest i s  in the use of compu ter sys t ems 
to manage the desi gn and cons truc ti on process . He is a re gi s t ered 
profe s s i onal engi neer Who re ce ived his B . S .  in ci vil  engi neering 
from Col umbia Un iversi ty and his M . S .  in geo te chni cal engine ering 
from the Ge orge wa shing ton Un iver s i ty . 

JAMES R .  GOODLAND works wi th the Control Da ta Cor pora t i on where he 
cur rentl y  ma nage s a group of consul ta nts , program ma nagers and 
anal ys ts .  The pa st f ive ye ars have been s pent in the appli ca ti on 
and industry rela ted are as--d evelopi ng marke ts and pro ducts Where 
indu s t ry probl ems can be t i ed to comput er te chnology . One key are a 
of in t erest  is  in the int egra t i on  of appl i ca t i ons ,  da ta bases , 
works ta t i ons and ma inframes to so lve indus try req ui remen ts . Hi s 
back ground incl udes 2 3  year s  in the compu ter indu stry . 

ROB ERT C. HETERl CK ha s been wi th Virginia Te ch for twenty -three 
year s .  He now serves as  profe s sor in the Col l ege of Archi tectur e 
a t  Virginia Te ch . He re ce ived from Virginia Te ch a B . S .  in c ivil 
engineering in 19 59 , M. S .  in struc tura l engin eering in 19 61 , a nd 
Ph . D. in engine ering in 1968 . Mr . Het eri dk has s everal publ i ca 
t i ons ,  repor ts , rev i ews ,  a nd  techni ca l  notes . He ha s al so rece ived 
many hon ors . 

RONAlD KIN G  i s  are a  ma nager for des ign , construc t i oo ,  a nd bui l d ing 
o pera t i ons and ma intenance s ys t ems in the Gen era l Government 
Divi s i on ,  Civi l Pro curement and Prope r t y  Ma nage ment Group of the 
Gen eral Account ing Of fi ce . Pri or to thi s , he was projec t manager 
for GAO ' s  study of compu ter-a i ded des i gn . Mr . King ha s a degree 
in ac count ing and hol ds a Cal i forni a CPA c erti fi ca te .  
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FR ED  KI TCHEN; currently s erves a s  a ss i s tant chi ef , Engine ering 
Divi s i m ,  Sava nnah Di stri ct , U. S .  Army Cor ps of Engi neer s . Pri or 
to this assi gDIIlent , he was chi e f , Mi l!  t ary Program and Managemen t 
Bra nch and a ssistant chi ef of the De s i gn  Branch . Mr . K:l. tchens has 
m ore tha n 25  ye ars ex peri ence i n  the fi el d of  engine ering and 
des ign , a nd  compu ter appl i ca ti ms in both the techni ca l  and 
managerial areas . He is a re gi s t ered pro fessi onal engine er in 
Ge orgi a  and So uth Carolina and ho lds a B . S .  and M. S .  in civi l 
engine ering from the Ge orgi a Insti tute of Te chnology . 

KAlMAN LEE i s  the he ad of the Compu ter G raphi cs Bra nch and sys t ens 
manager , Des i gn Divi s i on ,  Nava l Fa cili ti es Engine ering Command at 
Sa n Bruno ,  Cal ifornia . He ha s fo ur d egrees , incl uding a doctora te 
in archi tec t ure . He i s  a re gi st ered archi tec t and l i censed in 
thre e o ther are as as we ll . He star ted hi s compu ter graphi cs career 
in 1969 wi th the archi tec t ura l firm of Perry , Dean , and St ewart in 
Bo ston .  As the compu ter ar ch! teet coor dina tor , he develope d  and 
im pl emented the ARK-2 s ys t em ,  the first int erac t ive comput er 
graphi cs sys tem d es igned spe ci fi ca l ly for ar chi tectural prac t i ce .  

W .  I .  ( TERRY) LONGS tRETH has been wi th IBM ' s  Fed eral Sys t ems 
Divi s i on  since join ing the compa ny in 1 9 67 .  He ha s been primar i ly 
invo lved in sup port of fed era l  a genci es . In May 1967 , he went to 
Vi etn am  a nd Germa ny on severa l assi gnments tha t combin ed data base , 
s ys t ems and ap pl i ca ti ons d evel opment and programm ing res pons ibil i 
t i es .  In 1 9 7 3, he went to work a t  IDwry AFB i n  Denver t o  s upport 
d evel opment of  a train ing s ys t em for int el l i gence anal ys ts .  S inc e 
1 9 7 6  he ha s been invo lve d in da ta base sys t ems res earch and 
d evel opment , work ing on government contrac ts ,  pro posa l s  and govern
ment suppor ted pro j ects . He is cur rentl y an adv i s ory programmer , 
res pons ible for defin ing and moni t or ing software engine ering and 
des ign pract ices for a lar se  shared da ta base on a cl assifi ed 
government projec t .  He gra duat ed from Drury College , Springfi el d ,  
Mi s souri in 19 66 wi th a B . A. in French . 

EARL MARK i s  a s eni or anal ys t prograDIDer for Comput ervisi on 
Cor pora ti on .  He re ce ived a B . A. in ar chi te cture , a ma st er of 
sci ence in comput er graphi cs ap pl i ca ti ons to archi tec t ure , and a 
ma st er of archi tecture . He a l so teaches CAD / ClM  a t  Ma ssachuset ts 
Ins ti tut es of Te chnology , Ar chi t ec t ure De partment . 

BLAKE J .  MAS ON  i s  a pract i cing archi tect wi th 10 ye ar s  experi ence 
in the desi gn and mana gement of res i dential , comm ercial and 
industrial  bui lding pro j ects . He re ce ived hi s undergraduat e degree 
at Berkeley in 1976 and a t t ended un ivers i ty of Manchest er ,  England 
fo r gra duate res ear ch on a Paul Har ri s Fe l l owshi p  in 1981 . Hi s  
work in comput er sci ence da t es from 19 7 4 .  He ha s d evelo ped 
numerous sof tware sys tems whi ch u ti l iz e  re la t i ma l  DBMS products 
for anal ys is and mana gement o f  build ing projec ts , as wel l as for 
cor pora te cl i ents such as VIS A, US A, a nd  Te tl ey Te a .  
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WILLIAM N.  Mc CORM I CK, JR .  is chi e f , U . S .  Army Cor ps  of  Engine ers of 
the Engineering Divi s ion charge d wi th respons ib i l i ti es for the 
plann ing and e xe cuti on of engine ering and des i gn act ivi ti es in 
s uppor t of worl d-wi de construct i on  programs for the Army ' s  Civ i l  
Works program , the U. S .  mil i t ary , o ther U . S .  government a genci es , 
a nd fore i gn  gpvernments . He holds a Ba che lor of Sc i ence degree in 
me chani cal engine ering from Auburn Un iversi ty and ha s 2 7  ye ars 
e xperi ence as a profe ssional engi neer . 

JO HN  F .  METZLER i s  a proj ec ts manager in the Of fi ce of Project and 
Fa c i l i t i es Ma nage ment in the Depar tment of En ergy . He is  
res pons ible for the De partment ' s  General Desi gn Cri t eria ( GD C)  
Ma nua l , the GD C  Planning Boar d and the De s i gn  Informa t ion Ex cha nge 
Sys t em .  Pri or to hi s current of fi ce ,  his ex peri ence in the desi gn 
a nd construc t i on  indu stry incl uded empl oyment wi th genera l 
contrac t ors , ar chi t ec t -engine ering firms , naval architec t ure firms , 
int er i ar d es ign and construc t i on pro j ects for the Depar tment of 
En ergy . He re ce ived a Ba chel ar of Ar chi tec t ure de gre e from The 
Coope r Un i on , the Archi tectura l As s oci a t i on  Di pl oma and a Ma ster 
of Archi tect ure in Urban Desi gn f rom the Harvard Gra dua te Schoo l 
of De s i gn . 

BARRY M ILLIKEN i s  associate plr tn er and sys t ems ma nager for the New 
York of fi ce of Ski dm ore , Ow ings and Merrill where he has been 
involve d wi th  compu ter appl i ca t i ons to archi tecture over the l a st 
fi fteen ye ars . He was invo lved wi th a wide range of da ta base 
sys t ems support ing appl i ca ti on  needs from spa ce progra mming to co st 
es t ima t ing . Since the 1970s comput er gra phi cs and comput er-a ided 
des ign have been an ever increa sing fo cu s  of the i r  d ev e l opment 
work . He re ce ived his B . A. in archi tec t ure from the Un iversi ty of 
Tor onta and hi s M. B. A. from Columbi a Un iver si t y .  

JO HN  MORR IS is  a n  ar chi tect , a pa s t  a ssocia t e  pro fess or of 
archi tecture and engi neering , a nd a compu ter hacker by advoca ti on .  
He i s  currently a doc t oral s tudent in the School of Archi tec t ure , 
Univer s i ty of Mi chi ga n, s pe cial iz ing in the int roduc t i on  of ar t i 
fi cial int ell i gence princi ples into comput er-aided archi tec t ura l 
d es i gn . He re tur ned to the stu dent cha ir  af ter nine year s of 
tea ching ar chi tec t ure and archi tec t ural engine ering a t  Ok l ahoma 
Univer s i ty ,  Tulane Univer s i t y ,  and the Univer si ty of Kansa s .  Mr . 
Mor ri s cont inues to be act ively invo lved in the archi tec ture / 
engin eering profe s sion by cons ul t ing on the development and 
im pl ementa ti on of comput er bas ed A /E aides . 

S HIRLEY RADACK i s  on the staf f of the Inst i tute  for Compu ter Sc i ences 
and Te chno logy of the Na ti onal Bureau of Standards . At the 
inst i tu te , whi ch provi des te chni ca l  support to the fe dera l gpvern
ment in the mana gement and use of informa ti on te chno logy , she i s  
responsib le  for d ev e l opi ng r epo r ts , s pe cial studi es , a nd  analys es 
of ins ti tute act ivi ti es .  Mrs . Ra da ck  ha s a B . S .  in mi crobi ology . 
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KENT REED is  the lead er of the Com put er-Integrat ed Cons tructi on Group 
in the Center for Bu i lding Te chnology at the Na ti ona l  Bureau of 
Standards . He is res pons ible for rese arch on the informa ti on 
inter fa ces needed for integra ted compu ter-a i ded des i gn , construc
t i on ,  and operati on of build ings and on the te chnologi es needed to 
i mpl ement compu ter-ba sed bui l ding s ta ndar ds and exper t  sys t ems . 
Dr .  Reed was edu ca t ed a s  a phys i c ist a t  the College of Woost er ,  
Ohi o,  a nd  the Un iver s i ty of Chi cago , Il l in oi s . He wa s  fi r s t  
expos ed to c om put ers in the e arly 1960 ' s ;  he ha s s ince wri t t e n  
sys t ems and appl i ca ti ons l eve l s  s of tware for al l  s iz e  machines . 
He is part i cul arly int eres t ed in increas ing the ef fect iveness o f  
compu ter s in th e  engineering profe s s i ons by mak ing them int ell igent 
a ss i s tan ts .  

DANIEL R EHAK i s  an assis ta nt profe s sor of civ i l  engineering a t  
Carne gi e -Mel lon Un iversi ty .  He rece ived a BS CE and MS CE from 
Car negi e-Me llon Un iver s i ty ,  a nd  a Ph. D. in Civ i l  Engineering from 
the Un ivers ity  of Ill inois in 1981 . He al so s erves as  a 
co -d ire ctor of the Civ i l  Engineering and Construc t i on Robo t i cs  
Lab ora t ori es a t  Carne gi e -Mel l on .  He i s  a member o f  Si gma Xi , Chi 
Eps i l on , Phi Ka p JB  Phi , the mEE Compu ter So ci ety , a nd  the 
Associa t i on for Comput ing Ma chin ery . 

KEtfiETH F. REINS CHM IDT i s  vi ce pres i dent and ma nage r for the consul t ing 
group at the Stone and Webst er Engine ering Cor pora ti on in Bos t on .  
Pri ar t o  j oining St one a nd  Webs ter , h e  wa s  an associ ate  profe ssor 
of c ivi l engine ering and s eni or rese arch a ssociate at the Massa
chu setts I nst i tu te of Te chnology.  Dr. Re inschmi dt ha s consul ted 
on probl ems in cons tructi on mana gement , sei smi c  anal ys i s  of nucle ar 
pi pi ng , pro j ect ma nagement , a nd  probabil is t i c  frac ture me chani cs . 
He ha s  been act ive in comput er-a ided engine ering and desi gn s in ce 
19 60 and w s associ ated w1 th the deve lopment of s uch sys t ems as  
S 'IRES S  ( Struc t ural Engine ering Sys t em  So lver ) at  MIT.  Curren tl y , 
he is cha irma n of the St one and Web ster compu ter overs ight 
c oDIDi t tee and s pons ors d evel opmen tal work in comput er gra phi cs , 
CAD / CAM ,  e xpe r t  sys t ems , da ta base appl i ca t i ons in engineering , 
mi cro c om - put er ap pl i ca ti ons , financial anal ys i s , and risk 
a nalys is .  Dr .  Re in schmi dt r e ce ived hi s S . B. , S .M.  and Ph. D. in 
c ivil engine ering from the Massa chuse t ts Ins t i tute of Technolog y . 

PAUL S CAR. roNCINI i s  pro j ect ma nager a t  McDonnell Dougl as AEC Co .  He 
is  a re gi s t ered pro fessi onal engine er and current Ph . D. candi da t e  
in compu ter sc i ence . He received hi s bache lor of ar ts in civi l  
engine ering a t  Ru tgers Un iversi ty i n  1973 and h i s  mast ers degre e 
in ar chi tectura l engineering a t  Pennsylvania Sta te Univer s i ty in 
1981 . Mr. Scar poncini has s erved a s project engine er in charge o f  
compu ter-a i ded des i gn  of civ i l  pro j ects for Aur ora , Colorado and 
product ma na ger for li ght ing desi gn comput er programs for 
Compu ting Sharing Servi ces . 
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LEONABD S IMUT I S  was a ssociate dean for a cad emic af fa irs , College o f  
Archi tecture a nd  Ur ban St udies at Virgin ia Te ch unt i l  Ma y  1984. 
He be came the dean of the Gradua te Schoo l of Rese arch a t  Mi ami 
Un iver s i ty in Ox ford , Ohi o on Jul y 1 ,  1 9 84 .  At Virgin ia Te ch he 
s erved as a s si s tant dean and cha irman of the Divi s i on of Env iron
menta l and Ur ban St udies from 1 9 7 5-19 82 ,  a nd  as direct or of the 
Comput er Ap pli ca ti ons Lab ora t ory in the Col le ge of Archi tec t ure and 
Ur ban St udies from 1 9 7 3- 75 .  He received hi s bache l or ' s  degree from 
the UD iversi ty of Ill ino i s , and his M . A. and Ph . D. degrees from the 
univer s i ty of Minnesota . Hi s  ma j or t eaching and res earch int erests 
are i n  comput er-based ap proa ches to des i gn and planning wi th 
s pe ci al int erest in heur i s ti c approaches empl oying compu ter 
graphi cs and informa t i on  s yst ems . 

DAVID SKAR i s  dire ctor of the Nava l  Faci l i ti es Engi neering 
Command ' s  Engine ering Syst ems Management Divisi on ,  res pons ible for 
pl anning , deve lopi ng and ma naging the use of adva nced technolog y 
for engine ering and des i gn in Hea dqu art ers and i ts Engine ering 
Fi eld Div i s i ons . Thi s responsib i l i ty incl udes justi fying 
reso urces , d evelo ping requi remen ts for equi pment , software , 
te leco11111uni ca t ions and tra in ing , a nd  ma naging sys t em  developnent 
and ins tal la t i on .  These s ys t ems sup port all phas es of cons truc ti on 
contrac t  document deve l opnent , cri ter i a  development , consul ta ti on 
and mana gement • 

JANET S R>ONAMOR.E i s  opera ti ms res ear ch analys t and team l eader for 
the facili ti es s yst em d ivi si on wi th the U . S .  Army Cons truc ti on 
Engi n eering Re s ear ch Labora tor y .  She ha s a bache lor of sci ence in 
tea ching of ma thema ti cs and a ma s t er of ar ts in ma thema ti cs .  She 
i s a member of the As soci a ti m  for Compu ting Machinery and the 
Int erna ti ona l  Planning Commi t te e .  

ROBERT F .  TI LLEY , SR. re centl y j oin ed a sma l l  cons ul t ing fi rm in 
Maryland s pe cial iz ing in l arge s ca le da ta bas e  s yst ems . As s eni or 
cons ul tant , he in t ends to use thi s new po s i ti on  to s uppl ement hi s 
present und ers tand ing of CAD wi th a de ta i l ed knowl ed ge of da ta 
base ma nagement technol og y .  He sta r ted as an int eri or des i gn er 
wi th the Gen eral Servi ces Admini s tra ti on  where he a cquired an 
appre ci a t i on fOr the needs of the bui l ding owner and tenant dur ing 
the fa cil i ty mana gement process . La t er ,  a s  program of fi c er wi th 
the Ve tera ns  Adminis tra t i m ,  he des i gn er , develope d  and 
im pl ement ed s evera l comput er-a i ded desi gn s ys t ems wi th an emphas i s  
on des i gn  rev i ew  al ong w1 th s uppor t ing the more tra di ti onal 
build ing d es i gn  ap pl i ca ti ons . In the fu t ure , he ho pes to re turn 
to the CAD /AEC environment and cont inue w1 th hi s int eres t of 
d ev el o ping a fully integra t ed fa c il i ti es mana gement s yst em .  

DALE WADE i s  a regi s t ered ar ch i  te et and a cer t i fi ed pl anner , a nd is  a 
s eni or consul tant in the Fa cili ti es De cis i on Group ,  an Int ers pa ce 
Compa ny . An expe r t in fa c i l i t i es pl a nning , Mr .  Wa de brings ov er 
twenty ye ars of ex peri ence in a v ari ety of consul t ing s ervi ces 
incl uding ur ban and regi onal pl anning , new town development , 
project  planning ,  d esi gn and mana gement of com ple x heal thcare , 
l abora tor y and of£1 ce pro j ects , s i te pl a nning , environmenta l 
im pact anal ys i s  and a dvanced comput er o pera ti ons for fa c il i ti es 
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and organi za ti ons .  He i s  a gra duate of the Un iversi ty of  
Pennsylvania w1 th a Ma ster s  of  Archi tecture and a Ma sters of Ci ty 
Planning . He i s  currently overseeing the d evelopment of the 
fa cil i ties ma nagement software proj ect for the joint venture of 
the Wharton School and Int erspace . 

CHR IS YES SIOS i s  cur rentl y a profe ssor of archi tecture and compu ter
aided desi gn and the d irec t or of the Gradua t e  Program in CAAD. He 
ho lds a Ph. D. in compu ter-a i ded d es i gn  (1 9 73) from the Carnegi e
Mellon Un ivers i ty ,  B . Arch (196 7 )  and a Di ploma in Law (19 62) fr011 
the Ari stolian Univer s i ty in Greece . He has published over 3 0  
arti cles and rese arch re por ts , and ha s  des i gned and im plemented a 
vari ety of CAD sys t ems . He occa s i onally practi ces archi tecture and 
consul ts in comput er-aided desi gn ap pli ca ti ons . 

R I CKARD F. ZITZMANN ha s over 2 5 year s  of experi ence in the compu ter 
and co•uni ca ti ons fi el ds . Former employers include Bell 
la bora tori es ,  mM Coms at and AT&T Infor ma t i on  Sys t ems . Previ ous 
te chni cal management pos i ti ons have incl uded vi ce pres ident of 
teleconferencing sys t em d esi gn and construction ( IS AOOMM/Un i ted 
Tele cCD ) ,  d ivisi on manager for a dvanced s yst ems d evelopment 
( AT&T-IS , Sys t em 8 5  and Sys tem 7 5) , a ssistant director of 
engine ering for sys t ems engine ering ( Sa t ell i t e  Bus iness Systems ) ,  
director of the analys is and evaluati Cil divis i Cil  ( OOMSAT) . Holding 
B . E. E . and M . E. E. fr0111 the Polyte chni ca l Ins ti tute of New York , he 
i s  a profe ssional engi neer licens ed in Maryl and .  
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APPENDIX 2 

liOUSBOP AGIHDA 

Na t i ona l  Res earch Counci l 
Building Rese arch Board 

1 9 85 WORXS II> P  ON ADVANCED TECHNOLO GY FOR BUi lD ING DES I �  AND ENGINEER ING 

Sunday , June 16 

6 : 0 0  - 7 : 0 0  Jill 

7 : 0 0  - 8 :30 Jill 

Monday , June 1 7  

7 : 4 5  - 8 : 3 0  am 

8 : 30 am 

10 :00 am 

1 1 :00 am 

1 2 : 3 0 - 7 : 3 0  Jill 

7 : 3 0 - 10 : 3 0  Jill 

Na ti onal Acad emy of  Sci ences Study Cent er 
Woods Hol e,  Ma ssachu set ts 

June 1 6-21 , 1 985 

We lcome Re cept i on St udy Center . 

Introduc tion t o  the Workshop 
John Eberhard and Jim Bur rows . 

***** ***** 

Break fa st Study Cent er .  

Presenta ti ons on Work ing Group-Themes , Goal s  and 
Ob j ect ive s 

Group A :  
Group B :  
Group C :  

Bob He teri ck 
John Morris 
Lar ry Dyer 

Case Stud y Presenta ti on C. Pa t ri ck Davis , The Corps ' 
Pro j ect  Ma nagement Sys t em  (AMPRS ) .  

Work ing Group Sessi ons 

Fre e Ti me Un struc tured t ime set aside for d i scu ssi on , 
rela xa t i on ,  or expl ora t i on of the reg i on . Meet ing rooms 
are ava ilable at the St udy Center . Lunch is provi ded at  
the Study Cent er . 

Working Gro up Se ssions 

********* * 
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Tuesday , June 1 8  

7 : 4 5 - 8 : 30 am 

8 : 30 am 

9 : 1 5 am 

10 : 30 am 

1 2 : 3 0 - 6 : 00 pm 

6 : 00 pal 

7 : 30 - 10 : 30 pm 

Wednesday , June 1 9  

7 : 4 5  - 8 : 30 am 

8 : 30 am 

9 : 1 5 am 

1 0 : 30 am 

12: 30 - 7 : 30 pm 

7 : 30 - 10: 30 pm 

Thursday , June 20 

7 : 4 5 - 8 : 30 am 

8: 30 am 

9: 1 5  am 

10: 30 am 

12: 30 - 6: 00 pm 

6: 00 pm 

7 : 3 0 - 10: 30 pm 

50 

Breakfas t  Study Center 

Brief Repor t s  f rom Working Group Cha i raen 

Case S tudy Presentation Douglas S t oker , SOH , 
Archi t ec ture/Engineering 

Working Group Sess ions 

Free Time Lunch is provi ded at the Study Center . 

Clam Bake 

Working Group Sessions 

********** 

Breakfast Study Cente r .  

Brief Repor t s  f rom Working Group Cha i rmen 

Cas e  S tudy Pre sentation Jack Enr i co ,  Bechtel , 
Cons t ruc tion . 

Working Group Sess ions 

Free Time Lunch is p rovided at the Study Center . 

Working Group Sess ions 

********** 

Breakfa s t  St udy Center . 

Brief Re port s  f rom Working Group Cha i rmen 

Cas e  S t udy Pres entat ion Da le Wade , Fac i l i t ie s  Dec i s i on 
Group , Faci li ties Management . 

Working Group Sess ions 

F ree Time Lunch is p rovided at the Study Center . 

Cook-out 

Working Group Se s s ions 
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Friday , June 21 

7 : 4 5 - 8 : 30 am 

8 : 30 am 

11 : 30 am 

1 2 : 30 pm 

2 7 2 3R 
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********** 

Breakfas t Study Cen ter . 

Working Group Summary Presentat ions 

Genera l D i s cu s s ion , Conc luding Remarks 

ADJOURN . Lunch i s  p rovided at the S tudy Center . 
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APPENDIX 3 

PARTIAL GLOSSARY (IEVELOPED IY GtOUP B) 

• AISI /S PARC- -Am erican Na ti onal Standards Ins t i tu t e /Standards 
Pl anning and Re s earch Commi tte e 

• Conceptual � e.  •odel ( conceptual level ) --A vi ew of the to tal  
da ta base cont ent a s  seen by the da ta ba se desi gner . The conceptua l  
vi ew is not directly ac ce s s ed o r  ma ni pulat ed by the user , b u t  serves 
only as an ov erall re pres enta t i on of da ta , from whi ch al l us er vi ews 
are extra c t ed . 

• Conceptual data .adel--A conc ise repres enta t i on  of da ta as 
conta ined in the conce ptual vi ew model .  The concep tua l da ta mode l 
d esc r ibes the type . 

• !zternal le.el or � ..- -An individual user's vi ew of the 
cont ent of the data base . The content of the da ta base as seen by some 
par ticular user. To that user, the external vi ew is the da ta base . 

• Int ernal level or view- -A very l ow-l evel representation of the 
ent ire da ta base, dealing wi th the phys ical st orage of data wi thin a 
hardw are s t orage d evice . 

• Sche.a--A repres entation or view of da ta , expressed a t  any 
l evel in the da ta base . 

• State .achine .adel--A finite state machine model repres ents a 
com put er system as a set of functions, per formed u pon re ta ined memory 
th rough deter ministic ope rations . 

• Da ta space--A t erm s ug gested by the conceptual model group to 
de pi ct the total environment of individual, possibly dissimil ar, though 
int egra ted data bases th roughout the buil ding design and const ruction 
environment. 

• Da ta independence--The immunity of appl ications from cha nges 
in storage structures and ac cess s t ra tegi es .  The provision of da ta 
indepe ndence impl ies that cha nge s in the external da ta schema or 

5 3  
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int ernal st orage da ta schema should no t require changes in the 
conceptual da ta achema s .  

• BDt1�--The sma l l est  uni t of data tha t impl i es meaning wi thout 
depending upon o ther enti ties or a t tributes for i ts descri pti on .  

• Do .. iu--A po ol of da ta values from whi ch the actual data values 
appe aring in a given col umn of a rela ti on are drawn . 
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