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Abstract

The problem of effective communication in the process
of building design and construction is widely recognized.
The involvement of several design discinlines comhined with
the tendency for desiecners to work in distinct offices
results in little capacity for then to investicate the
Influence of their design decisions on other design areas.

One of the responses to the need for effective
interaction in the use of computers for a desiszn project is
the supersystem concept pronosed for ICES, the Intesrated
Civil Engineering System. The supersystem Is defined as the
cooperative effort on the nart of the da2signers of several
problem oriented computer capabilities to implemant project
oriented capabilities by allowing each of their problem
oriented subsystems to reference a sinzle file of projact
data. The supersystemn would allow desisn interaction by
having each of the problem oriented computer subsystems
reference a sinrcle file of information specifying the
project.

Future work in the apnplicatina of computers to
interactive and projact oriented desicn in the huildine
industry will have to concentrate on the fila structure to
be used in the Implementation of a computer building Jdesirn
supersystein.
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The process of buildinz desisn and construction
involves much handling and manipulatinn of data. What
starts out as the single desire of a client for a huildineg
develops into a full set of workine drawinegs and specifi=
cations by the end of the design ophase of the process and
ultimately finishes as an existing builling. ¥hen one
examines the data flow in the buildinz process in Tight of
the data manipulating and storage capabilities of the modern
electronic digital computer, one expects at first to find a
broad utilization of the computer throughout the buildins
industry. Yet when one examines the dapgree to which
computers are actually used in the building nrocess, the
findings are generally very disappointing. Few of the
design disciplines involved with the building process make
any significant use of the computer and even in these few
instances, the applications are in comdhletaly isolated
areas. While many design areas involved in building design
have been considered for computer implementation, most
efforts have been at the proposal staze only. The two major
exceptions have been the areas of structural analysis and
construction project scheduling for which large scale
systems have been Iimplemented.

The reasons for the pattern of usase that one finds
reflect problems both of economics and degree of difficulty.

As would be expected, engineers have attacked those problems

——



first that seemed most promising of solution. Since both
structural analysis and construction scheduling are quite
straightforward in an analytical sense and require much data
processing, they were computerized first. More significant,
however, is the fact that these two areas are the exclusive
domains of two distinct segments of the bullding process,
the structural engineers and the contractors. Each invested
in the software which 1t felt would make its operations more
efficient. Neither was particularly motivated to spend
money to make the joh of someone else more efficient,

The reasons for this pattern of usage can also be
found in the approach taken by designers of computer systems
to the whole question of information. The techniques for
information handling developed for the analytic prohlem=
solving systems have in the past almost never considered
information requirements beyond the scope of the system
being Implemented. There has been little motivation to
consider the information reguirements of other systems
hecause, first, there were few enough of these systems
implemented on the computer to begin with, and secondly,
there had simply been no co-ordination which would result In
the information being used even if It were made available.
Furthermore, information has generally been structured so as
to optimize processing in view of the algorithms used by the
subsystem structuring it.

Information has always been considered as a static



collection of data values which were innut at the becinnin-
of a computer run and completely pur=zed from the computer at
the end of the run. There has been almost no attemnt to
view informatinn from tha point of viow of the project, as a
highly structured complex which starts as a single idea ant
which ends after great development as an extremely complex
set of drawinms and specifications. In those few instances
where data has been organized by a computer systen on
secondary storage, it has bheen done in such a way as to be
of use only to the system which so organized it.

Buildins data management, then, is an attemnt to
solve the very complex problems of automating the flow of
information hetween various problem oriented comouter
capabilities used in the design and construction of
buildings, computer capabilities hoth axisting and proposed,
3uilding data management is the concent of data transfer
applied to the realm of huilding systems, Nata transfer
attempts to make it possible for independently conceived and
independently executed computer systems to communicate their

results with each other,

Data Jransfer

The concept of data transfer is not a new one. The
designers of ICES, an acronym for the INTEGRATEN CIVIL
ENGINEERING SYSTEM (1), have attacked the problen 2 olate

fransfer from the very berinning of their effort, The ICES



system was visualized as a computer orienteld system used by
a collection of problem oriented subsystems (2). The
analogy was made to a wheel in which the system conprised
the axle, the various subsystems the spokes, and 1ata
transfer was to have been a kind of rim uniting all of the
subsystems via communications capabilites (see Figure 1-1).

However, 1f one examines lgces System Design (3), the
guiding ohilosophy for the I1CES system, one discovers that
there are two areas of the system that weres not generally
implemented. They are the relational data structure
capabilities (4) ani data transfer. For several years much
work was put into the Implementation of both of these areas,
While some results were obtained in the former area (5), no
real working system of any capahility resulted in the
latter.

In the first efforts to implement data transfer, the
ICES researchers attacked the general problem of information
flow within the computer. The work was motivated by their
strong feeling that subsystem designers should be given full
freedom for desizn of in-core data structures most suited to
the problem and algorithms with which they were working.
Yet, when these independent systems attempted to each solve
a different aspect of the same project, the need arose for
them to communicate results with each other. The early work
resulted in a proposal for a Data Definition Languase (6),

but most felt that an appropriate solution to the problem
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was still yet to be found. In the interim, of coure, data
transfer was actually acomplished by having the engineer
using the various subsystems on a project manually transfer
information from the printout of one set of results to the
problem language input of the second subsystem (See Fieure
1-2).

In 1968, Lonz (7) performed a study of the efforts in
data transfer in the context of the ICES system. *is major
conclusion was that while the attennot to solve the problem
of zeneral data sharing batween computer systens had borne
little fruit, there was some reason to ba hopnful that a
less general approach to the problem misht give better
results. 4Ye distinguished between the concents of the
system and the subsystem and introduced the concept of a
supersystem. The system Is comorised of those canabllities,
cenerally oriented toward strictly comouter tasks, that are
used by all of the suhsystems. Subsystems are commrised o
capabilities oriented toward some spacific enginzering
problen area. The supersystem is 12fined as a groun of
loosely organized subsystems, each orientod toward 3
specific problem area, but jointly working towar! thz goal
of a project impliementation, principoally by sharing a common
data base stored permanently on a secondary storage device.
It is the matter of the orlentation, problem versus project,
that distinguishes a subsystem from a supersystem. Thus,

while STRUDL, the structural design languacge, is capable of
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analyzing and selecting members for the structural frame for
a building, it is not capable of taking the entire huilding
project or even the structural part from inception to
completion. The building desiesn comprises many problem
areas, each of which might require a suhsystem of the siz2
and complexity of STRUDL,

The implementation of data transfer iIs important not
only for the concept of a supersystem but for the way that
engineering is practiced. Engineers, while in school, solve
problems. Each problem is a close look at some small,
specific engineering task. 'hen the problem is soived, the
answer is graded and no more is done with it, Fnsineers, as
practicing professionals, work on projects. They, too,
solve problems. In distinction to the wnrk of students,
however, the answers to their problems are integrated into
the larger project effort. These answers are considered In
their ramifications with other "answars" for other orohlen
areas of the project and must be considered as part of all
the nroject data.

Comnuter efforts in engineering to date have heen
aimed at giving nroblem solving capabilities. An1 just as
looking at an engineering project as a series of problems
fragments the concept of a project effort, so have these
computer capabilities tended to frasment the work that can
be done for a project with a computer, This can be ohserved

In the tendency of engineers to require that a prohlem he of



sufficlient size or complexity in order to justify solving it
with a computer. The fragmentation has put an artificial
barrier between the engineér and his problem solving tool.

Now in order to overcome the tendency toward
fragmentation, in order to develop project oriented computer
capabilities or supersyétems, the whole aporoach of
engineering computer development must be re-examined.
Engineering computer technnlogzlists can re-orient their
efforts and work toward the development of project oriented
subsystems - unlque; all-encompassing computer systems.
These would be large scale efforts and might well result,
for example, in a STRUDL-1like subsysten for bridge design,
another STRUDL-l1ike subsystem for building desisn, a third
for tranmission tower system design, and so forth. The
difficulty with this approach is the duplication of effort
that is required to develop unique suhsystems for each
project area. The development of the STRUNL subsystem as a
problem oriented capahility extended over flive years. The
duplication of that effort several times for different
project areas is worthy of little consideration.

Another approach to implementing project oriented
capabllities is specifically that of the supersystem. Each
project area would have not a unique computer capability but
rather a unique project data structure, Thus computer
subsystem developers would continue thelr current

orientation of developing problem solving capahilities, But
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each of these problem solving capabilities would have
additional, satellite features that would allow for the
implementation of data transfer between the subsystem and a
specific project data file. The existing subsystem would he
integrated with a new supersystem by the implementation of
the satellite data transfer capabilities for the new project

data flle (See Figura 1-3).

The Building lndustry

In the United States, the astimate for the total
value of construction durine the year 1970 is set at $90
billion (8). Table 1-1 zives a breakdown by project type of
the estimated value of building construction during the same
year but excluding one and two family dwellings. The same
estimate predicts a greater than 100 percent increase In
construction value during the decade 1970-1980 to a value of
$193 billion. The estimate of the gross national product of
the United States for the years 1970 and 1980 ziven by the
estimate are $900 billion and $1,980 billion resnectively.
Furthermore, in the United States the industry is comnosel
of:

more than 233,000 contractors and 1,570,070

subcontractors employing over 3,000,000, They are

supplled by a myriad of other industries emnloying
large numbers, such as the 240,000 employees of
sawmills and planning mills, the 60,000 in millwork
and related products, and the 260,000 who manufacture
equipment. To handle financial, insurance, and real

estate dealings requires another 1,100,000 people of
whom more than 600,000 are in real estate alone. The



TABLE 1-1 (9)

Forecast of Construction Contracts = 1970

Millions of Dollars

Total Construction *,....00.0. cecanna ceseeene .+$52,225
Heavy Construction'. ..... ...........l...l..'SIG'S7S
Non-Residential Building.....cceeecesses eeeee026,100

ManNUfaCtUring..ceeeeeseasessasossscscscsocsess$5,000
Commerical.....cee cesseecsssecnnnsssencsessa8,700
EAucationadl..cceiecevesecssssosessansasoasnasab,l0d
Medical...eoceoocananas P i X T
Government ServiCeS...ceeesecesssccesessscessl,0O

Recreational, Religious, EtC..evecsececccaessl,700

Residential *,......cccieeeeeccens ceesoas cesesad,259
ApartmentsS...ceeess eseseas s s ecesveansenasnne .o 7,600
Dormitories..eeessececesacacnnss cesecssenanne «e.900
Hotels and Motels....... Y &1

* Excludes one and two families dwelllings.



building design professions include 30,000 registered

architects and 75,000 engineers plus a large number

of specialists, Manifestly the industry is larcse but

di ffuse, and consists of a loose agglomeration of

mostly small units. The number of design-

construction firms with an annual volume greater than
$500 million can be counted on the fingers of one
hand. Few materials and equipment producers rank

among the nation's 500 largest industrial firms. (10)

The technical areas required in the desizn and
construction of a large building are amazingly diverse. 0One
can consider the professional and economic interests of the
building industry as falling into one of four general
categories: management, design, construction, and finally
operation and maintenance.

The realm of management includes, first of all, the
client or owner. The client is the prima movens of the
entire industry. It is he who dictates the kind and quality
of building depending on his needs and financial backing.
Owners range in size fron the nrivate, single home bullder
through developers of capital investment motivated
skyscrapers in large metropolitan centers and the Federal
government with all of its resources,

Included in the realm of economics, however, are inany
other professions concerned with buildins. These include
planning boards for urban areas, financiers (including
banks, insurance companies, pension and welfare funds, an
governmant mortgage financing agents), real estate

developers, zoning commissions, accountants, and the like.

The second realm of the building Industry is that of
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jesign. Traditlionally, the manacement of desi~zn has been in
the hands of an architect who acts as the client's 3zent for
hoth design and construction. But lue to the wiialy
divergent and highly technical nature of many asnacts of
huilding desien, the architect (excludinz one an! two
dwelling housing, which represents about one=-half of the
construction dollar value) requires the assistance of
professional consultants in the encineering areas. These
generally include the structural an~incer, the foundation
engineer, the mechanical engineer, the alactical anginaer,
anl specialists in the areas of cost estimating, interior
design, acoustics, i11uwination, and landscapinz.

The third realm of the industry Is that of
construction. The construction phase of the huitdine
project has traditionally hbeen managed by the architect, bhut
the prime ag2nt here is the general contractor. The cener3l)
contractor, like the architect in the design realm, uses
specialized sub-contractors to perform the highly technical
phases of the construction. These sub-contractors include
plumbers, heating and air conditioninz specialists,
electrical contractors, plasterers, stone masons,
carpenters, roofers, structural stael erectors, and
foundation contractors, among others.

The final realm is that of operation and maintenance.
Included here are the operations engineers required to keep

large mechanical and electrical systems for buildings
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functioning properly, cleaning crews, security personnel,
and the construction trades required for repairs and
modifications.

It should be clear that this diversity of economic
interests and intellectual disciplines involved in the
building industry leal to a fragmentation that exists on
three levels. There is a fragmentation of personnel. The
nature of building design alone is such that one can never
expect to see a single person beinq able to do the entire
design. There is a fragmentation of location. For the most
part as the profession is currently carried on, the
participants in the design and construction stares each have
separate offices, sometimes even to the extent of being
located in different cities. And finally, there is a
fragmentation of goals. What may well be the best
structural design can lead to a definitely sub-optimal
mechanical design, and vice versa. What appears best in
terms of initial cost may be very poor when considered iIn
terms of long term costs.

The major consequences of this fragmentation are
three. By far the most important and at present the most
widely recognized consequence Is the communication problem,
Communication is a basic aspect of the desian and
construction of bulldings, whether all of the design
participants work in a single office or not. The range of

design disciplines dictates that professional interaction
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take place. The building process typically starts as the
desire of a client for a building and is developed through
interviews between the client and the designer, throuch the
various design stages, to a fully developed set of contract
drawings and specifications. A second consequence of
fragmentation and one that follows also from the
communication problemn is that of sub-ontimization of desigen,
A less than perfect communication between the princinal
designers makes it impossible to estimate how their desicen
decisions affect each other and consequently how such
decisions affect overall cost for the client. The prohblem
of optimization in bullding design is as much a matter of
communication as it is of mathematics. And finally, a last
consequence of fragmentation is dupnlication of effort. As
currently practiced, the duplicate review of drawings and
specifications for cost estimating by architects and Biddin-
by contractors is tynical of this duplication of effort.
Consider the kinds of incidents that occur in the
current state of building design. The structural ant
mechanical enzineers, having arrived at initial, compatible
configurations for the structural frame anJ duct system,
return each to his own office where detail desizn continues,
Later the architect informs the mechanical engineer that
certain changes have occurred in the specification of
materials for an area, thus changing the heat loads and

requiring in turn a larger duct servicine the area. |If the
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mechanical encineer fails to confer with the structural
engineer again, as happens sometimes when the desiogn is
rushed, the conflict surfaces only when the contractor
discovers that the duct is supoosed to go through a
structural beam.

One of the reactions to this fragmentation has been
the tendency of late to combine in one firm all of the
principals involved in the building industry - financier,
architect, engineers, and contractor. This reunification at
least within the same Ffirm helns alleviate some of the
nrohlems resulting from the frasmentation. Many of the
goals are thereby consolidated and the pronhlem of
communication is generally that much lessened.

The supersystem concept discussed above is another
reaction to this problem of fragmentation. The supersystem
proposes to consolidate all of the information about a
project in a central file of data where it is available to
all design participants at the same time. Furthermore, the
availability or data to all desizners potentially allows for
studying the effects of desicn decisinns maie in one desicon
area on the other asnects of the overall fdesizn., Thus
engineers can design in terms of overall project goals
rather than the more immediate goals of just their own
discipline area. Finally, the develonment of
telecommunications for computers whereby engineers using

only low cost terminals in their offices can use the power
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of large computers and data files literally across the
country, will help in the matter of locational fraementation

where it continues to exist.

Ihe Building Process

HYaving viewed building construction from the
viewpoint of an industry, one can take a3 slizhtly different
approach and view the same thing from the viewpoint of a
process. Consldered as a process, building is conposed of
various phases.

The Royal Institute of 3ritish Architects (11) has
identified twelve stages of bulldineg activity. These stages
are only an attempt to give a general classification to the
phase of activity most prevalent at the instant, and there
is no claim that there are distinctly recognizable points of
transition between the stages or that all designers are even
in the same stage at the same time. The phases of the

building process ldentified by the Institute are:

- First meetings with client and
establishment of design team.

Feasibllity - Preparation of first outline from
interviews with client and assurance that outline is

feasible.

Qutline Proposal = Further detailed study of client's

requirements, costs of project, and approaches to
layout, design, and construction.

Scheme Design - Final development of preliminary
design, including full desizn by architect and



preliminary desicn by engineering desiegners,

Detajl Design - Final decisions on all dasign
matters.,

Production |Information - Preparation of final desian
irawings and specifications.

Bills of Quantities - Preparation of 3ills of
Quantities for constructioan hids.

Tender Actlion - 8idiing by =zerz2ral contractors.

Project Planning - Construction co-ordination between
general contractor and his sub-contractors.

Operations on Site - Actual construction.
Completion - Completion of construction.

Feed=back - Analysis of desi~n, construction, and

operation of huilding during its life,

This distinction between various phases of the
building process is important. Clearly, the problems ani
aven the nature of communication differ during the various
phases of buildine., At inception, ideas and data are few,
highly unorganized, constantly chanzing, and even geomatry,
a fundamental aspect of all building data is in a very fluil
state, By the start of preliminary desicn, most of the
rseometry has firmed up, and the real problems of
communication and interaction amonz desieners become the
most important aspects of the information. 35y final desi~n,
the sheer volume of information has become its most critical
aspect and it is that aspect which extends throush the
construction phases. It is this evolving characteristic of

building information (the same holds for the infonrmation for
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any engineering project) that makes the suhject nf oroject
data management such a difficult one. These sane changine
characteristics will dictate expliclit requirements for any

attempt at automated data management as will becone evident,

why Use Computers in the Building Process

The very fundamental question of why the computer
should be used at all in the bullding process is one that
should be faced. In this age of mass computerization it
might seem stranse that such a question be phrased, but as
the complaxity and cost of proposed computer systems grow,
more and more are cominz to ask just that question,

The computer with its allied software is just another
amonz many potential tonls for those encased in the building
process. Recause of its tremendous potential for extremely
fast calculations and larze capacity data maninulation,
however, the computer stands as a particularly signiflcant
tool In the collection of the buildinz desicner and
contractor. As Miller has stated it:

Computers are the key to a systems appnroach
to civil engineerinz. The nature of contemporary
projects is so larze, and there are so many complex
factors and components - all these different kinds of
information must be tied tozether, and the only way
you're going to do it is by computer. |I'm talking
about using computers as information management
devices and not as merely computational tools. Only
about 10% of our problems are computational by
nature, the other 90% are problems of information

storage, control, and manipulation. (12)

There is little question of the computer's canability
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to store information. Consider, for example, the [3M
System/360, Model 65, computer. Configured with one miliion
bytes of core storage, a model 2301 drum unit, a model 231k
disk stroage unit, and a moiel 2321 data cell drive, such a
system has nearly 500 mf]lion characters of on-1in: storage:
ona million characters of the storage can be accessed in
less than one microsecond; five million characters of
storage can be accesseld in less than ten milliseconds; over
sixty million characters of storage can be accessed in less
than one-tenth of a second; and all of the nearly one half
billion characters of storaga can be accessed in just over
one-half second (13). Understandahly, no one yet really bhas
any feeling of how many characters of data would be raquired
to completely describe a builling design. But there Is
little doubt that the computer will meet the task, at least
as regards capacity. The situation looks even more hopeful
with speculation that the next generation of computer
hardware will improve the cost/performance ratio of comnuter
systems by a factor of from six to twelve over the last

generation of hardware (1L4).

Context of the Current Effort

The task of developing automated data transfer for
the building industry is truly a monumental one. The size
and complexity of the industry combined with the rance of

disciplines that are involvel in financing, desiening, and
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constructing buildings has lead to much hesitancy to even
attempt to tackle the problem. Clearly no one effort will
ba completely successful in such an undertaking and the
current work is just the beginning of what wllil have to bhe a
long process of research and avolution. The current effort
has been as much an attempt to further define the problem 3s
it has to develop a working solution, One of the thlngs
that has become clear is that the solution will bhe an
evolutionary process rather than a completely developed
working capability from the start. |In the current effort,
also, the concentration has been placed on the communlcation
of data between engineers concerned with the desizn of
buildings, rather than architects or the construction or
operation phases of the building process. The reasons for
the emphasis on the engineer rather than the architectural
aspects of deslign are twofold, First, the author is an
engineer rather than an architect. 8ut more sliegnificantly,
architecture is an atheoretical discipline. An architect
considers himself to be an artist working in a technical
Industry. The consequence of this iIs that architects
structure and treat data differently from the way engineers
do. Hence, while the designers of an architectural computer
- system might not be completely happy with the file structure
of information that will be considared later, their system
could still he capable of feeding Information regarding

geometry an<d materials to the data base., These two
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information areas are key components in many of the

engineering desien areas.

Future Work

There are two major areas to be investizated in the
implementation of an ICES buildineg design subsystem: data
management and file structure.

The concept of using data as the integrating bond for
a building system leads directly to the fundamental question
of data management. The zeneral problem of data management
has been the object of much computer research and
development over the past decade. The Jdevelooment of the
generalized data management systems leads one to consider
their value for the problem of data management in the
building context, or at least the approoriateness of their
approach to a solution for this problem.

The generalized data manasement systens have
addressed themselves directly to the problem of how does one
manage the computer environment where there exists a large
corpus of data about some loosely structured lozical entity
(generally a corporate or military operation) which must b=
developed and used by a group of inienpendent computer
systems, none of which is responsihle for all of the data
and all of which must share the use of the data. This 1Is
exactly the problem faced in the buildine realmn.

While the use of the reneralize! data manasement



systems in the context of building systens has s»yae
drawbacks, the ICFS systens as currently inplemented ines
have some data manazement capabilities., The !CES TARLE=-ILI
system has file structure capabilities and storase and
retrieval functions.

The TABLE-1! file structuring capabilities are
particularly appropriate for the problem of storing lynanic
information in a file on secondary storace. This system,
like the generalized data management systems, storeas
information in such a manner that its location an.
characteristics are rememhered by the svsten, Furthernnre,
fata are identified by name in such a way that one nee:!
merely provide the systam with the name and the system is
able to retrieve not only the value but alsa infornation as
to what the characteristics of the data are (dinensional
units and computer characteristics). Concentually, the
information is structured as a four level tree: tahle, roy,
column, and list position.

The feature of having availahle a file systen which
uniquely identifies and manares data within the systeu is of
primary impaortance in the area of buildins systeuns (as we'l
as many other systams), The problems of manarine a growing
corpus of information used by completely indenendent
comnuter systmes demands that one consider only a data
management system capable of treating the information as a

growing, dynamic entity. The classical approach of file
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structure hased on locational conventions is clearly out of
the question in such a situation. Such an aopronach always
4emands a fixed file large enough to hol.l the lar=zest amount
of data one can design for. Furthernore, it is generally
ilapossible to identify the condition where data values are
missing - where they have not been stored yet. The
integration of various computer systems for different
discipline areas requires that informatinn regarlding
dimensional aspects of the data be maintained as well as the
convenience of automatic conversion of dimensions on
request.

The TABLE-I1 system has the additional feature that
there are currently available a collection of storage ant
retrieval functions for passing information in 2ither
direction bhetween an engineering proecran and a secondary
storage file. The TABLE-11 subsystem is rather uniaque among
the ICES subsystems: it exists on both the ensineer-user
level as a problem oriented lannuase subsystem andi on the
programmer-user level as the collection of stora=ze ani
retrieval functions.

The file structure for a comnuter based inforaation
system must closely reflect the structure of the data as it
is used by the designers. The file structure for a huilding
information system must be bhasesd on the characteristics of
the use of data by the engineers anl the architact. Each of

these people has a responsibility which is uniquely his own,



The architect is responsible for the geometry and layout cf
the spaces as well as the snecification of the materials of
the walls and other surfaces; the structural engineer is
responsihle for the structural fram» r-juired to sunport the
loads in the building; the electrical encineer for the
4istribution of electrical power throurhout the building as
required; the mechanical enginerr for the systemn of air
ducts for the delivery of hot and cold air to the spaces and
the removal of waste air from the systen. Each of these
designers has a realm of data which he develops in
conjuction with the objectives and requirements of th»
others connected with thes nroiect.

Thus, while the architect cenarally has the principal
concern with windows as an element of form, his decislions on
windows greatly Influence the heat loads that are the
responsihility of the mechanical engineer 3ani the amnount of
lighting which is the responsihility of the elactrical
engineer.

The file structure for a comnuter bhased informatinn
system of building design data must be orgsanized around the
use of data by the various agents primarily concerned with
that data, and the data within a file should be structured

in such a way as to reflect the relational ani alsorithmic

fyn

structure of the Jdata. The Jata resarline windows shongldd
the responsibility of the architect. HHe is the designer

primarily resnonsible for choosing the quality and location
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2h

of windows. Also the location of information ahout the
windows among all of the data items which fall into the
realm of the architect should retlect the fact that windows
are located in walls, walls which delimit two spaces.

With a file so structure:d, the mechanical engineer in
doing heat load analysis can interrozate the data base of
the architect regarding the room under consideration, asking
for the U-factors for each of the walls and be told that a
particular wall has a window of soma specific size and that
the design temperature minimum on the other side of that
window during the window is =20 degrees Fahrenheit.
Furthermore, the electrical engineer can query the same file
of the architect and learn that the room has a window with a
southern exposure and hence has a calculabhle flux of
sunshine.

The macro level file structure proposed for a
building environment Is outlined in Flgure =4, This
reprasents a first effort at a file structure of this sort,
As work proceeds, further refinements on the various

sub=files and their relationships will become anparent,
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