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1.0 INTRODUCT ION

The Transportation Analysis and Simulation Facility
(TASF) will be a powerful tool for improving the industrial
efficiency of the United States through increased efficiency
of transportation. U.S. transportation costs are on the
order of $200 billion per year (20 percent of GNP). The TASF
will integrate the technical capabilities of Department of
Transportation (DOT) personnel with a computational system
to provide a unique facility for furthering the investigation
and the improvement of the quality of transportation on the
local, regional, state and national level. TASF can be
available for use during the years 1976 to 1980, therefore,
the use of the TASF will focus on the major transportation
problems predicted for that time period. The facility will
be constructed on existing government land at the Transporta-
tion Systems Center (TSC) and will provide 56,000 sqg. ft.
of laboratory space for approximately 150 people and the
TASF systems.

The Transportation Systems Center is a government-
owned installation located in the Kendall Square area of
Cambridge, Massachusetts. The site, one and one-half miles
west of the center of Boston, Massachusetts, is immediately
north of the Massachusetts Institute of Technology, and one
and one-half miles from Harvard University.

The TASf pfovides the Department of Transportation

with a capability to provide extensive simulation and analysis



of transportation problems in the area of urban, inter-urban,
and inter-modal and social economics. The impact on society
and the economy of significant transport systems dictates

that verification prior to installation of viable alternates
be made through use of a TASF. Significant improvements will
be made to existing transportation systems through improved
operations techniques devised by simulations performed in the
TASF. Social-economic impacts of proposed transportation
systems will be investigated to ensure the inclusion of latent

users and to minimize systems costs.

Estimated Project Cost

Design (Building and Equipment) $ 700,000
Construction 3,660,000
Equipment 10,960,000

Total Estimated Cost $ 15,320,000

The Department of Transportation will be the primary
user of the TASF and will bear the complete cost of the pro-
ject. Potential application to local and state planning is
foreseen.

In FY72, the analytical and computation support at
TSC represented approximately 25 percent of its annual budget.
Forecasts show that this percentage will drop to approximately
10 percent of the annual budget in 1976, due to the increased
expenditure planned for outside contracts. The TSC budget is

projected to be $150 million in five years or less. This result



in an annual analytical and computational cost of $15 million.
Estimates show that with the implementation of TASF the
operating cost will be approximately $9 million. The direct
and indirect cost benefit outlined in Section 2.0 far exceeds
the reduced operating cost.

Through the use of the interactive man/machine
systems of TASF, the total elapsed time required to accomplish
a program is reduced by 1/2 to 1/10. This results in signif-
icant manpower savings which will pay for TASF in three to
five years and more significantly bring the benefits of new
programs to the public years ahead of schedule.

Programs such as the Urban Congestion Traffic Flow,
in which the goal is a reduction, during rush hour, of 25 to
50 percent, and Improved Rail Scheduling and Control to
optimize schedules of Long Haul Freight yield savings up to
5000 times the initial cost of TASF. Facilities such as TASF
are currently in existence at General Motors, Rand Corporation,
McDonnel Douglas Corp. and other companies. These facilities,
as with TASF, are unique to the problems they address. TSC
has developed disciplines for modal and multi-modal trans-
portation programs and has computational needs that have
not and are not being fulfilled by any federal government
or industrial facility. Although interactive computer centers
exist within the U.S., it is not feasible to utilize these

systems because of the communication system links required.



The transportation programs that TASF will support
include air, ground, marine and multi-modal. These programs
require support in planning, analysis, design, etc. Trans-
portation planning and analysis impacts future capital outlay
and must take into account environmental, social, and economic
as well as technological impacts. For instance a Personal
Rapid Transit (PRT) system must consider the latent users
and land impaéts. The design and evaluation of transportation
systems must also support the social, economic and environ-
mental needs as determined by program planning and analysis.
Exploration of alternate system design through the use of
interactive systems in TASF will ensure optimum system design
in a minimum of time for such transport systems as the dual
mode vehicle, the Tracked Air Cushion Vehicle, Collision
Avoidance System, etc.

Simulators improve the efficiency of new systems by
allowing confirmation of their design before major capital
outlay is made for fabrication. TASF is designed to drive
simulators for cockpit display verification, Air Traffic
Control (ATC) advanced displays, auto driving simulators for
safety studies, etc. When technology does not exist to sup-
port a transportation program, basic and/or applied research
can often provide the necessary information. TASF will
support research through its library search capability, inter-
active analytical tools and large technical information files.

Research in areas of pollution, noise, improved route display,
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power systems, etc., are typical of programs to be supported
by TASF.

TASF will collect and reduce data from test and
demonstration programs performed either on-site or at facil-
ities such as Pueblo, Colorado. The communications links
also will allow TASF to provide stimulus for test programs
where computer control is required. Use of the communication
links will enable data to be transmitted to TASF regarding
systems performance in actual operational environments such
as Airport Ground Traffic Control And Street letwork Traffic

Flow.

In the remaining sections of this document, the
facility and the system within is referred to as the Trans-
portation Analysis and Simulation Facility (TASF). The
system within the facility is designated the Transportation

Analysis and Simulation System (TASS).






2,0 PROGRAM REQUIREMEWTS

2.1 INTRODUCTION

TSC provides a multi-modal transportation re-
search capability for the Department of Transportation
and is responsible for examining the transportation pro-
grams of the nation from a technological and social-
economic viewpoint. The Center carries out programs di-
rected by the Assistant Secretary for Systems Development
and Technology and for the operating administrations in
the scientific disciplines of planning, research, analysis,
testing and demonstrations of candidate systems. Figure 2-1
shows TSC's relationship with DOT's modal administrations
with respect to the major transportation program areas.
This section will present the history and future trends of
TSC transportation programs, the computer.support required
to complete these programs, and how a Transportation Analy-

sis Simulation System (TASS) will provide the computer sup-

port.
2.2 PROGRAM DELINEATION
2.2.1 Future Program Trends

At its inception, TSC inherited personnel with
skills strong in the areas of electronic control systems.

The FY71 program was planned to take advantage of these



T v aay

M L e AL W T Ay

LEWVYLAEN Yl “9LvYd Jbl

L=—¢ =4lwLy

XLAJIVS
NOILVIYOdSNYIL

NOILONAaxa
NOILATIOd

ININILYEY
dSION

SWILSXS
LIOdSNYIL
"TYQONW

-ILTIAW

SWALSAS
LIOdSNAL
NIV

SWALSAS
LIOdSNYIL
aNnoyd

SWHELSAS
LIOdSNI L
qIv

NOTILVYDIAUN

NOILVIORIOD LNAWJAOTIATA
AYMVES FONHIMVT LNIVS

SWHLSAS TOYLNOD DIJJVIL
SXOMLAN AVMHOIH

NOILVYLSINIWQY AVYMHOTIH TVdHAII

dNOSTE . ANY HOYVAS
NOILUYDIAVUN dOHIYH

@YADY LSYO0D SHLVILS dILINN

WAL

SAS LNAWIAOW SAO00D

NOILVILYOdSNYIL dANNOYD qIIIS HOIH

SWHILSAS TIVY/NIVYL

NOTLVILSINIWAY JOVYHIIVY Tvddaddd

SWILSAS NOILVIMOdSNYIIL NVRIN
SWALSAS LISNYYL SSYRW

NOILVULSINIWAY NOILYIMOdSNYYL SSVW NVEiN

NOISHd LIOJITIV
ALAAVS WIV
TOYLNOD OIddVdL dIV

NOTIWILSINIWNAY NOILLVIAV TVddAdI




skills, specifically in the areas of sensors, communi-
cation and data processing for air transportation systems.
Initially TSC was involved in many short-term, low-funded
projects which concentfated in research and testing on the
component and equipment level. The programs included an
operating prototype of a vehicle crash sensor (NHTSA),
operating prototype of pilot warning indicator (NASA, FAA),
development of a laser fog bank detector (USCG), and a de-
monstration of an inertial/ILS landing system (NASA, FAA).
TSC's role in these efforts has broadened the scope of
technical expertise at the Center toward the ground and
multi-modal transportation system area. Figure 2-2 illus-
trates this trend. The FY72 TSC program budget of $32
million includes funding for such diverse programs as the
conceptual definition for the Fourth Generation Air Traf-
fic Control System (TST), the management of the Rail Tech-
nology Program (UMTA), and the management of the Airport
Ground Traffic Systems Program (FAA).

TSC will continue to broaden its technology base
by providing program management for a balanced Transporta-
tion system. The increasing scope of work is reflected in
the projected increase of TSC funding based on the assumed
TSC growth strategy and 5—year program planning objective
[Ref. 1] through 1976 as shown in Figure 2-3. Funding to

TSC is anticipated to increase by 560 percent by FY76 from



FY 1971 - $24 MILLION

MARINE
POLLUTION REDUCTION
NOISE ABATEMENT

AIR

GROUND

FY 1973 (PROPOSED) - $55 MILLION

‘/,, MARINE
POLLUTION REDUCTION
NOISE ABATEMENT

..x
&
AIR ¥
MULTI-MODE
GROUND

Figure 2-2. TSC Funding Allocations by Major Problem Areas
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the FY71 level. A representative list of anticipated
transportation program areas and programs which the Center
expects to be involved with in FY76 is presented in Figure
2-4 and a detailed discussion of the various TSC program
areas and sample future programs [Ref. 1,2,3] is presen-

ted in Appendix A.

2.2.2 Automatic Data Processing Trends

At TSC's inception, NASA transferred some of its
computational equipment to TSC to perform analysis, simula-
tion and administrative functions. The size of many pro-
grams, such as the Airline Passenger and Cargo Demand and
Schedule Program, (a relatively small system project), have
far exceeded the capability of the existing in-house compu-
tation facility and the procurement of out-of-house com-
puter support was necessary in order to successfully com-
plete these programs. Appendix B presents a brief discussion
of existing Center ADP equipment and a list of out-of-house
facilities which have provided the TSC's additional ADP sup-
port.

TSC future programs, Figure 2-4, will be more com-
plex and of greater magnitude and will require more compu-
tational support than previous programs. It is projected
that $16 million of TSC funding by FY76 will be required
for in-house and out-of-house ADP support, as shown

Figure 2-5. Future TSC computer support can be provided
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Funding Level!

e Safety
Emergency iedical Services M
Intersection Improvement L

® Pollution Reduction

Surface Propulsion M

® Noise Abatement

Airport Noise L

® Air Transportation

Advanced Aircraft Technology
Fourth Generational Air Traffic Control System
Future Data Processing M
Ground Guidance and Control M
Microwave Landing System
V/STOL

KRS

£ =

® Ground Transportation

Balance

Bi-Centennial Rail and Highway

Near Term Improvement in Mass Transit
Personal Rapid Transit

Rail Efficiency

Rail System Support Technology
Tracked Levitated Vehicles (TACV/TLV)
Tunneling

Urban Congestion

CEREHEHPRERERER

® Marine Transportation

Navigation M
Vessel Traffic Systems S

® Multi-Modal Transportation

Northeast Corridor Pilot
Satellite
Dual Mode

PEER

L - Funding anticipated to be greater than $4 million.

M - Funding anticipated to be between $1-4 million.

S - Funding anticipated to be less than $1 million.
Figure 2-4. Projected Major TSC Program - FY76
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by: (1) continued use of both in-house and out-of-house
facilities; (2) out-of-house facilities only; or (3) a
new oOT computer facility. The next section will discuss

these options.
2.3 SYSTEM UTILITY

2.3.1 Solution of Transportation Problems

Paragraph 2.2 demonstrated the nature and complexity
of the transportation problems which the Department will face
in this decade. This will be reflected in the increase in
complexity and size and concurrent decrease in number of the
programs undertaken by the TSC. Thus, TSC will necessarily
be concerned with several very large projects. These large
projects will comprise many elements whose operations im-
pact each other in complex ways. This often leads to over-
all systems behavior which is difficult to predict. The
analysis of these systems cannot be achieved by the frag-
mented investigation of the individual components which
simplifies or ignores their interaétion. .The design of a
set of optimal elements leads, all too often, to a subop-
timal transportation system.

The key to the problem then is to study the trans-
portation system in its entirety, carefully representing
each component and its interaction with other elements.
While this approach is simple to state, it is quite ano-

ther matter to achieve it in practice. A great deal re-
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mains to be learned in the art of modeling complex trans-
portation alternatives.

The investigation and analysis of a transportation
system and its individual components requires the use of a
wide variety of computer-based analytical tools during its
various stages. In general, these tools are complex and
usually are not amenabie to use by hand. They include ana-
log models, symbolic or logical models (which may be ana-
lytical, deterministic, or stochastic), linear and integer
programming models, simulations (either real time or fast
time), statistical analysis methods, and data manipulation,
presentation, and interpretation systems. As would most
people, the analyst may find the mechanics of these aids
confusing and frustrating and apply only those with which
he is familiar. Efforts which allow him to solve problems
at each stage of the investigation using a great deal of
computing power and expertise and a variety of approaches
(without having to concern himself with the intricacies of
the programs) are essential.

The investigation of a complex system comprises
several stages (delineated in paragraph 3.1) each of which
requires the use of sophisticated research tools such as
those mentioned above. The analysis and design stages are
examples. The analyst first performs preliminary analysis

of available data to increase his understanding of the na-
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ture and magnitude of the problem he is facing. He should
then use sophisticated predictive models to determine the
magnitude and nature of the problem in coming years. These
include land use models, demand models, demand shift models,
and technology models. The designer will turn to sensitivity
analysis and design models during the design phase to deve-
lop alternative solutions to the problem; then to large-scale
simulations to investigate the effectiveness and impacts of
various alternatives. Finally, he will use the interactive
capabilities of an evaluation system to interpret the results
of each of the alternatives.

Each of these steps requires the application of
sophisticated problem solving procedures and a spate of both
specialized and generalized data. The nature of transpor-
tation systems requires that the investigation be pursued
without prolonged interruptions in an environment which
provides--through each stage of the program--consistency of
approach, consistency of assumptions about the system,
and consistency in the data available to describe the system.
The analysis must be performed under one system which will
permit uninterrupted investigation of the many aspects of
a complex system based on common, comprehensive data. If
such a system is not available, the analyst has two alter-
natives: (1) Use only the small, immediately accessible

subset of the full range of investigative tools available;
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or (2) use a wider variety of analytic tools at different
locations with differing data on different computer sys-
tems. Faced with the continuous and almost insuperable
problem of the integration of these efforts--interpreta-
tion of reams of data in a medley of forms and formats, re-
conciliation of the results of analytical methods based on
different assumptions (all of which are probably unknown
to the user), and opefating on different data (or at least
common data which must then be transported from site to
site and transformed into varying forms to be used by the
different programs)--leaves the analyst with a clear
choice: wuse only what he has most available and attempt
to extrapolate and adjust for the many factors and vari-
ables whose impacts will never be fully investigated.

An environment which will support the effective
analysis and integration of complex transportation systems
and provide for the successful completion of programs of
the magnitude anticipated by the TSC must provide a power-
ful analytic and design capability comprising a full spec-
trum of models, simulations, and design programs coupled
with a powerful éet of application (special purpose) systems
which enable the analyst to interpret and investigate data
and results in an interactive environment. It must also
provide a large base of common data (such as census data

and trends) available to each stage of the analysis and a



flexible data base for specialized data required by each
individual problem. Finally, it must have a group of
highly trained personnel to apply this capability to
transportation programs and to aid others in its appli-

cation.

2.3.2 Advantages of Responsive, Centralized System

The availability of a system with the spectrum of
capabilities described provides benefits which can be at-
tributed to two advantages--the development of better al-

ternatives and time savings.

2.3.2.1 Development of Better Alternatives - A centralized,

interactive analysis facility has two salient attributes
that can lead to better solutions to transportation programs.
First, the centralization of analytical software tools and
data permit the rapid and effective evaluation of many de-
sign approaches to determine the ones which will offer the
most reward. The analyéts are then able to explore a much
wider range of potential solutions. The probability of a
better solution is much greater when the analysts use the
variety of techniques that a centralized facility provides
to explore the "solution space" more thoroughly.

Second, the analyst is more likely to obtain an
intuitive "feel" for the problem at each stage of the pro-

gram when he is able to make modifications almost instan-
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taneously. This increased comprehension of a problem is a
phenomenon many have described as "synergy", in which the ca-
pability of the computer to calculate very rapidly and that
of the analyst to solve problems heuristically (the trial and
error approach) are coupled and enhanced by the near-instant
response provided through interactive graphics communications.
Given this increased "feel" for the problems faced
at each stage of a program, the engineer is able to make even
better use of the expanded assortment of techniques provided
to him. He is thus able to effectively explore many more
plausible solutions and the probability of proposing better
solutions is greatly increased. The programs with which TSC
is and will be dealing involve important, costly public sys-

tems and it is plainly worthwhile to explore alternatives.

2.3.2.2 Time Savings - The time savings associated with

the use of TASS result from the common repository of trans-
portation knowledge, its computation capabilities, tech-
nical support, and the increased accessibility to the system
permitted by the flexible I/O configuration (especially the
interactive features). The time saved is in two forms:
direct time saved and elapsed time saved.

Direct time saved can be related to the ratio
of the time required to perform a specific task entirely
with the use of a centralized, interactive analysis sys-

tem to the time required to perform the same task entirely



without its use (although not without the use of a computer) .
For a specific task, the most important contributor to

direct time savings is the interactiveness of the system
(i.e. services not available at a non-centralized system

can always be obtained elsewhere and transit time would

not be a component of direct time). Experience with in-
teractive graphics systems indicate that ratios for direct
time savings range from 1/6 to over 1/1000 [Ref. 4,5,6,8,9].

Elapsed time refers to the total time to complete
a major program, rather than individual tasks, and thus in-
cludes the time for the additional tasks that are associated
with a program and that do not benefit (or benefit to a
smaller degree) from a system of this type. Elapsed time
savings can be expressed as the ratio of the total time to
compl?te a major program with the use of a centralized, in-
teractive system to the total elapsed time required without
its use.

Little empirical evidence is available to guantify
the elapsed time savings prodﬁced by the increased availa-
bility of problem solving tools and data due to centraliza-
tion. For a program requiring the use of a wide range of
tools and data, their availability is a significant time
factor. Evidence is available which quantifies the ex-
pected elapsed time savings due purely to the interactive

nature of the system: the ratios of program completion time



with the use of the system to that without its use range
from 1/2 to 1/10 [Ref. 4,5,6,7,9]. Although this under-
states the actual elapsed time reduction we expect the
system to provide, it can be used as a conservative es-

timate.

2.3.3 Cost Justification

Currently, TSC maintains a number of small to me-
dium size computers, ranging from the second generation
IBM 7094, through the third generation Honeywell DDP-516
to a DEC PDP-10. Although the equipment was excellent
for the purpose for which it was originally procured, the
demands of transportation problems have stretched its ca-
pacity and TSC has been forced to rely on outside computers
for additional support. In addition, the newer equipment has
a much reduced average lease cost per instruction: an IBM
7094 costs 76 cents per million instructions, while a CDC 7600
costs 2 2/3 cents per million instructions. Figure 2-6 shows
this trend. As a result of these factors, TSC will soon be
forced to update its in-house computer capability, and will
also be forced to continue to rely on additional outside com-
puter systems for support of extraordinary tasks. The pro-
jected operating costs of this approach are comparable to the
expected operating costs, (including equipment rentals), for

TASS. The original $15.3 million investment for TASF, purchases
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the system peripherals and software required for a fully
integrated, responsive computer system. Thus, the yearly
rental charges are expended for a few more powerful cen-
tral processors which are then placed in a much more ac-
cessable, efficient environment.

The value of such a system must ultimately be
determined using monetary measures and must be weighed
against the required initial investment. 1In a private
firm, such measures are normally contributions to pro-
fits; in the case of a public agency, the measure should
be net benefit or net cost savings. This type of evalua-
tion, however, must be based on a definition of costs and
benefits which is broad enough to include all who will
ultimately be affected by a powerful, centralized system
for transportation planning. Some cost. savings will be
directly felt by the public agency which has the system
at its disposal. Others, such as reduced operating costs
of transportation systems due to the design of better al-
ternatives, will be less directly felt but no less impor-
tant in the evaluation of such a system.

Thus, the differential cost savings are those of-
fered by a responsive, centralized transportation analysis
facility as compared with continuation of the current TSC
approach to ADP support comprising a combination of in-

house computer systems and additional support from external
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services as required. This decision is analogous to the
capital equipment replacement problems common to private
industry and entails comparison of the present value of

the incremental savings to the required initial investment.

2.3.3.1 Indirect Cost Savings - The indirect cost savings

are of two types: (1) Those resulting from better solu-
tions; and (2) those resulting from solutions developed and
implemented more rapidly.

The continuity of approach through each stage of
a program, the increased intuitive feel for the problem,
the spectrum of solution techniques, and the time savings
provided by a responsive, centralized system produce better
alternatives which result in smaller construction costs,
lower operating costs and improved safety. The returns to
society from this type of savings are difficult to quantify,
but they are significant and provide visible improvements
that have direct impact on transportation efficiency.

Elapsed time savings reduce the time from project
initiation to project completion and thus the benefits of
new transportation systems are available to the user at an
earlier date. Of the many programs which will be supported
by such a system, several deal with problems of such magni-
tude and have such large potential savings that even small
reductions in development and implementation time offer so-
ciety additional savings which are many times the investment

required for TASF.



The first example of such a program is the Urban
Congestion Traffic Flow Program. TIts goal is a system com-
prising area wide combinations of computer traffic light
control systems and ramp metering which would decrease
overall travel time during rush hour by 25 percent in 50
urban areas. The complexity and integration required
make the analysis, development, testing, and implementation
of these systems a staggering job. The City of Cambridge
alone, which is only a portion of the Boston metropolitan
area, has approximately one thousand intersections with as-
sociated link and demand data for every combination. These
requirements simply overpower present capabilities.

Traffic and control strategies exist for accom-
plishing only limited versions of such systems. Develop-
ment of improved strategies and full scale systems for
real-time traffic control will result in time savings to
individuals, improve safety, reduce accidents, and produce
enormous productivity pay-offs. This may reduce auto lia-
bility insurance by as much as 30 percent, with a direct
cost reduction of: ($100/year/car) (108 cars) (.30 reduc-
tion) (67 percent of cars in urban areas) = $2.0 billion/
year. Presently, intraurban goods movement cost is about
$30 billion per year. Increases of average velocity for

trucks of 10 percent could be transposed into 5 percent



efficiency savings: (.05) ($30 billion) = $1.5 billion/
year. Without consideration of time savings to citizens
and reduction in inconvenience and discomfort due to ac-
cidents, the total savings amounts to $3.5 billion per
year. Improvement netting as little as one tenth this
amount in efficiency of urban traffic congestion systems
would result in annual savings of $350 million.

A second example is the development of an Im-
proved Rail Scheduling and Control System to optimize
scheduling of long haul freight. Development of this
system requires the simulation of both the present national
rail freight system and a variety of proposed scheduling
systems. This involves the representation of 33,000 miles
of track, interfaces between seventy railroads, 1000 de-
pots, 100 classification yards, 20,000 links connecting
depots and yards, 3,000,000 freight cars and 100,000 locomo-
tives.

The arrival time of goods shipped by cross country
freight car can only be predicted to occur in a particular
week with 90 percent accuracy. The major reason for low
railroad service reliability is that: freight trains are
not scheduled on a national basis; there are frictional
effects at the interfaces between the nation's 70 railroads;
and present freight train assembly operational philosophy

requires that trains of about seventy cars be assembled (in



order to keep labor costs to a minimum) which is extremely
difficult and time consuming without the aid of national
scheduling. Implementation of a national freight train
scheduling and control system and coordination with smooth
intermodal rail/truck facilities for pick-up and delivery
could result in savings of $14 billion per year due to re-
duction of national manufacturing inventories, reduced high-
way construction, and reduction in loss and damage costs
[Ref. 1]. Improvement netting one tenth this amount would
result in annual savings of $1.4 billion.

Successful completion of these two programs would
result in annual savings totaling $17.5 billion. Thus, for
each one year reduction in the development time of these
two programs provided by TASS, society receives an addi-
tional benefit of $17.5 billion. Assuming that both of
these programs would normally require ten years to complete,
the most conservative estimate of an elapsed program time
ratio, which is 1/2, indicates a completion date five years
ahead of schedule and an additional benefit to society of
$87.5 billion--over 5000 times the initial investment re-
quired for TASF.

Assuming that these programs return 6nly 10 per-
cent of the savings anticipated, each one year reduction‘
in their development times produces additional savings of

$1.75 billion. An elapsed time ratio of 1/2 would shorten



development time by five years and provide an additional
savings of $8.75 billion or over 500 times the initial
investment required for TASF. Alternatively, if these
programs are only 10 percent successful, a decrease of
only 0.1 percent in the normal development time of ten
years would equal the initial TASF investment.

These are only two examples of programs already
planned whose benefits are of such magnitude that reduc-
tions in their development times offer rewards many times
the cost of TASF. Many more will doubtless appear as we
move toward the 1980's and the medley of transportation
problems the nation will face in that decade, and as the
capabilities of a centralized transportation analysis sys-

tem are assimilated by those who must solve those problems.

2.3.3.2 Direct Cost Savings - The direct cost savings ex-

pected from a centralized, interactive system are a result
of the time savings mentioned in paragraph 2.3.2.2. The
increased productivity results from the decrease in pro-
ject elapsed time, which enables the same staff to com-
pPlete more projects--and the decrease in direct time which
enables each engineer to work on additional tasks each day.
The direct time ratio applies only to those tasks
which involve direct use of the system, while the elapsed
time ratio includes the time to complete qll tasks in a

given stage of a program--both those expedited by such a



system and those that are not. As the work a man performs
each day comprises both types of tasks, the decrease in
project elapsed time is the best estimate of the increased
manpower productivity this system would provide. The
elapsed time ratios presented in paragraph 2.3.2.2 are
based on time savings afforded by the interactiveness of

the system and do not include those afforded by the in-
Creased availability of software systems and data. Although
this understates the expected increases in productivity, it
provides a lower bound for them.

The ratio of expected elapsed time to complete a
given stage of a project with the use of this type system
to that without its use ranged from 1/2 to 1/10, [Ref. 4,
5,6,7,91, or an increase in appropriate manpower producti-
vity of 2/1 to 10/1. A conservative estimate of the expec-
ted return due to time savings can be made using a ratio of
3/1 (rather than using the median ratio of 6/1) --remembering
also that this does not consider the added return due to di-
rect time savings, which were estimated to be in the range
of 6/1 to 1000/1.

By 1976, TSC will employ better than 1000 person-
nel and it is estimated that aﬁ any given time the work of
thirty to 70 people (3 to 7 percent of the total) will re-
quire active involvement with computer systems while the

work of another 25 to 30 percent of the personnel will re-



quire partial use. Assuming 1976 manpower costs of $48,000
per year for staff at the appropriate level, the annual
savings expected from an elapsed time ratio of 3/1 for 50
personnel actively using the system is $4.8 million--
$48,000 times 50 people times 3, minus $48,000 times 50
people times 1 (the cost which would be incurred in any
event) .

In comparing these savings against the initial
cost of such a facility, one cannot simply add $4.8 mil-
lion for each year; the money saved during future years
must be discounted at some rate which reflects the time
value of money and the opportunity costs borne by the
economy for deferring other possible investments of public
funds. Most sources (including OMB) recommend that the
"public discount rate" should be 10 percent. Figure 2-7
depicts the cumulative, discounted savings for ten years
and indicates that with 5 percent of the personnel actively
involved with the system, these savings alone will offset
the initial investment at the end of the fourth year. Fi-
gure 2-8 shows the number of years required for the dis-
counted savings to offset this investment for varying ra-
tios of time savings. As this ratio approaches the mean,

the initial investment is offset during the second year.
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2.3.3.3 Cost Summary - Based purely on direct cost savings

to the Department, the initial investment of $15.3 million
for the development of a transportation analysis and simu-
lation facility would be quickly recovered. With conser-
vative estimates of 3/1 time savings and 5 percent of TSC
personnel actively involved with the system, the invest-
ment is recovered by the end of the fourth year, and the
net present value of the savings for the first ten years
is approximately twice the initial investment.

These figures, however, are based on a definition
of costs and benefits much too narrow to include all who
will ultimately benefit. The unquantifiable benefits--
such as improved safety, smaller operating costs, and de-
creased travel time--due to the design of better alterna-
tives are less directly felt by DOT but are perhaps even
more important. Finally, the reduction in the time re-
gquired to complete programs which have large potential sa-
vings for society offers substantial rewards--many times the
cost of the system--to the public and is thus the most co-

gent argument for its implementation.
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3.0 FUNCTIONAL REQUIREMENTS

The DOT programs projected for the 1976 to 1980
time period require computational capability for the TSC en-
gineers and scientists that exceed present or projected
capabilities. The functional requirements that are placed
on the Transportation Analysis Simulation System (TASS) by
the TSC disciplines supporting these programs will be inte-
grated into a system proposed for the Transportation Analysis
and Simulation Facility (TASF). A typical transportation
program has been divided into disciplines for the purpose of
quantifying systems requirements. These disciplines apply
to the total of DOT; however, for initial TASS definition
purposes, TSC programs and disciplines were used. As more
detailed work is performed toward the operational date of
TASF, the functional requirements will be refined. The
functional requirements determine the capacity, performance,
and user requirements for the TASS, and, because of the wide
range of support requirements, they establish priorities for

the major design goals.

3.1 DISCIPLINE SUPPORT REQUIREMENTS

The disciplines chosen to represent a typical trans-
portation program are listed below:

e Planning

® Research

® Analysis

® Design
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e Evaluation

e Fabrication

e Demonstration

e Program Control.

Figure 3-1 illustrates the TSC disciplines used to
support the 1976-1980 transportation programs. The figure
shows only major discipline support, as almost all of the
proyrams require some of each discipline. Program control
is not shown because it is present in all programs.

Figure 3-1 also indicates that for the programs
projected for the 1976-1980 time period, a clear emphasis is
on research, analysis, and design. Figure 3-2 identifies
the major functional requirements for TASS by discipline.
The figure depicts the relative importance of having a
capability for each functional discipline. The following
paragraphs describe the disciplines and the requirements

they place on TASS.

3.1.1 Planning

Program planning is the establishment of future goals
and the formulétion of the general approach toward achieving
these goals. The programs may be an urban planning project,
a nation-wide transportation network, or other large systems.
Planning is done on both an individual basis and as a group
or team effort. A team of people is needed to bring the
spectrum of expertise required to deal with massive, compli-

cated systems. The inter-disciplinary nature of the working
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environment forces special attention to be placed on intra-
group communications.

Transportation planning involves many complex vari-
ables such as social/economic impact forecast, technological
forecast, demand and supply predictions, and land use and
urban planning. All of these efforts, as shown, involve
extensive study of large amounts of data where planners are
searching for trends and information on which to base trans-
portation plans. The planners are involved with very large
populations and networks that require mass storage of infor-
mation which must be made available to the planners in this
immediate work area. Since the amount of data and the types
of computer programs used by the planner are generally very
large, batch processing under remote control is the prime
computing mode. However, interactive displays will be re-
quired for evaluating and inputting large volumes of data
generated and used by the batch models. As planning tools,
gaming models have been successfully used by transportation
planners at all government levels. The models are generally
smaller than the planning models and are operated in an
environment where pseudo-governmental officials interact with
each other, with the result of their actions being predicted
through models. This type of planning requires that common
displays be provided to all participants. Large scale dis-

plays are very desirable for this activity.



3.1.2 Research

Basic and applied research is required in many pro-
grams. Research in human behavior, modal split analysis and
transportation technology is mandatory to the development of
a balanced transportation system that can provide clean, effi-
cient and low cost systems. Exploration of potential systems
must be carried forth to insure that the best possible options
are available for use by the transportation analyst and de-
signer. The basic and applied research necessary to insure
technically feasible transportation programs require access
to a wide library service in which the most current thinking
on a particular subject can be obtained without large delays
for searches, copying, etc. With this information and infor-
mation concerning current and projected systems, the research-
ers can address specific problems such as nuclear powered
systems, magnetic suspension devices, effects of transportation
on urban decay, etc. Most of the research work is accomplished
with small computer programs or calculators. This type of
operation makes mandatory, interactive computational systems
(such as is used by the RAND Corporation), where small pro-
grams can be run interactively and the researcher can have
access to a wide variety of data. Since the researcher is
making more frequent, smaller calculations, his access to

immediate computational capability is required.



3.1.3 Analysis

Systems analysis is understanding, evaluating, con-
ceiving, and/or improving of transportation systems. The
systems analyst evaluates current and proposed transportation
systems through modeling and the statistical analysis of
data. The systems analyst works in advanced air traffic
control, new urban transportation systems, and environmental
compatibility determination of transportation systems.

Because of the broad scope of work performed during
system analysis, group displays are required that will enable
a maximum of five analysts to work a specific problem. A
single room is required that will allow analysis work to be
performed and coordinated. The room may also be used for
such activities as training and gaming exercises. Because
of the multiple viewers, large scale displays are required.

The computation required for the analysis of trans-
portation concepts involves the use of large amounts of data
and a variety of analytical techniques. Although not always
complicated, these calculations can be laborious and time-
consuming and can burden the analyst with routine work. TASS
will present the full modeling and computational capabilities
of the facility to the analyst at his desk. Network data,
vehicle characteristics, and other data can be accessed from
the TASS data banks and used in the analyst's own program or
in a program available in the TASS library. Because of the

necessity to analyze the characteristics of the physical and
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operational transportation system, such as dual mode vehicles,
schedules and networks, graphic input/output from TASS is

required.

3.1.4 Design

Systems design is based on the examination of the
transportation objectives, policies and goals that have been
generally determined during the systems analysis phase. This
includes the design of the necessary subsystems, components
and schedules for optimum effectiveness and efficiency.

The major factors that must be balanced to obtain
optimum benefits to the community, state, and Federal Govern-
ment are the transport systems': cost, performance, relia-
bility, maintainability, and efficiency.

TASS will permit rapid and effective evaluations of
many design approaches to determine the ones that will pro-
vide optimum cost-benefit.

The design of transportation systems, new vehicles,
and system components will be accomplished through computer-
aided design techniques. Such techniques have already been
used in the aircraft and automotive design fields with proven
effectiveness. TASS will enable these techniques to be
applied to prototype tire design, airport design, and other
transportation fields. TASS will provide interactive graphics,

on-line computation and hardcopy for the designer.



3.1.5 Evaluation

Systems evaluation is the evaluation of concepts,
systems, subsystems and components. The test engineer, in
performing evaluation tasks, formulates the testing plan,
the parameters to be measured and the test acceptance cri-
teria, as well as manages the performance of the actual test.
System evaluation requires that a number of skills be used
which are independent of the item to be tested as well as
a general knowledge of the engineering field which produced
the sample for testing. As the transportation systems being
tested become larger and larger in scope, the computer tasks
of experiment control and data reduction will become larger.
In many proposed new systems, the investment is so great
that detailed concept evaluation must be performed prior to
hardware development.

The evaluation of a final design is a critical step
that will be accomplished through models and simulation.

For the evaluation of transportation systems in
which the human operator or controller plays a key role, it
is necessary to faithfully model the system and its environ-
ment.

Man-in-the-loop simulations are valid tools for eval-
uation of systems concepts and equipments as well as being a
powerful tutorial tool, as demonstrated by the success of
NASA, military, and civilian efforts involving real-time

simulation. Candidate real-time simulations for TASS are
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operations of an urban transportation system monitor and
control room, advanced air traffic control room operations,
and evaluation of driver response to alterations in vehicle
design, changes in the display of information, increase in
environmental stress, changes in control procedures or
regulations, and other similar variations in operating con-
ditions. Fast-time simulations or modeling is also a power-
ful tool of the engineer performing concept or system evalua-
tion. This requires interactive systems in order to be most
productive with remote access and a capability to reduce

evaluation data to meaningful information.

3.1.6 Fabrication

Fabrication is the conversion of a system design
to hardware and software. Fabrication of transportation
systems within the DOT is primarily limited to prototypes
and the establishment of production techniques that lead to
more cost-effective systems. Production costs represent a
significant percent of the cost of a major transportation
system, improved technique of manufacturing can result in
significant cost savings.

The requirement of fabrication of TASS is through
management information systems, documentation processing,
etc. For large systems spare parts and inventories would

be maintained.



3.1.7 Demonstration

Demonstrations leading to operating systems is the
tinal step in accomplishing a program. The demonstration
involves hardware that is either placed in an operational
environment or demonstrated in a lab environment. Feedback
of system data to the analysts and designers from these
demonstrations is mandatory. Sensor implementation and data
handling are prime skills involved in the demonstration in
which a concept or procedure must be proven.

TASS will provide the capability to gather data for
performance evaluation of large demonstration systems.
Closely associated with the demonstration task is the test
engineering functions. Test engineering is the branch of
engineering associated with the evaluation of systems, sub-
systems and components. The test engineer formulates the
testing plan, the parameters to be measured and the test
acceptance criteria as well as manages the performance of
the actual test. Test engineering requires that a number of
skills be used which are independent of the item to be tested
as well as a general knowledge of the engineering field which
produced the sample for testing. As the transportation
systems being tested become larger and larger in scope, the
computer tasks of experiment control and data reduction will
become larger. Test beds can be expected to be located both
on-site and off-site., TASS will provide control and data

reduction for closed-loop and/or open-loop tests. Two-way
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data commumications (high and low speed) between the test
bed and TASS with logging of the data being exchanged over
the data lines, and output of test results in graphical and

tabular form is required.

3.1.8 Program Control

The TSC program manager, the functional organization
manager and his management and administrative support person-
nel all need to prepare reports and maintain files to manage
their programs. The most effective means of performing these
functions when dealing with complex projects or large amounts
of information is automation. The relatively new concepts
such as decision modeling combined with the established con-
cepts such as critical-path project planning show a broad
use of computation in efficient and effective management.

TASS will contain the software and storage capabili-
ties required to provide up-to-date, accurate information
regarding projects, personnel, funding and other related
items to upper-level TSC management. Terminals remotely
located from TASS will provide information upon request from
the user. Safeguards will be incorporated to prevent un-
authorized access of this information. In order to keep the
data bank current, TASS will incorporate source data automa-
tion (direct conversion of information from original document
to machine code) to make this function and other data input

functions an efficient, cost-effective process.



3.2 CAPACITY AND PERFORMANCE

The capacity and performance requirement of TASS
s based on the functional requirements of the disciplines
supporting the projected programs of the FY76-80 time period.
TASS must provide for each discipline a mix of interactive
processing, batch processing and simulation capability that
will allow program objectives to be accomplished in a mini-
mum of time and cost. Continued refinement of the capacity
and performance requirement will be made as more information
concerning the magnitude of transportation programs, avail-
able data bases, math models, simulation programs, and func-
tional requirements are obtained. Although more difficult
to determine, the time period over which the transportation
program is to be accomplished plays a vital role in deter-
mining performance. To insure consistancy and successful
operation of TASS at the initiation of operations, limited
interactive systems that are available today will be monitored
to insure validity of requirements. Also during the develop-
ment phase, applicable software packages that are identified
as candidates for use at TASS will be exercised, under actual

operating conditions, to the maximum extent possible.

3.2.1 Access Requirements
Critical to the design of TASS is the population of
users it must support. Estimates are made from the total

population that willruse the TASS and of the population that



at any instance will demand access for computational needs.
Also distinction must be made of the type of support that
the user requires i.e. batch, interactive, or simulation.
Estimates of total CPU hours have been made in Figure 3-3.
These estimates are based on using a machine equivalent to

a CDC 6600. The total time is then divided into the types
of usage needed by each discipline. The results of this
tabulation shows a minimum of two shift operations where one
shift is devoted to batch processing and the other shift is
for interactive support and simulation.

Although not shown in Figure 3-3, TASS will support
personnel in other organizations within DOT (such as 0OST) and
other departments of the government. The system will be
made available to universities, state and local government
and possibly to private industry (GFE). Exploitation of
users outside DOT has not been fully analysed, however a
significant work load on TASS is estimated because of the
availability of large transportation data bases and the fast
turn-around time offered. Figure 3-4 shows 43 percent of
TSC as the user population. The projected instantaneous
population actively using the interactive capability is 5
to 6 percent of TSC personnel. This results in a Center
requirement for 32 to 40 terminals. Because of the necessity
to run large batch models on frequent occasions, remote batch
capability will be provided for planning and analysis disci-

plines. The remote interactive terminals must be able to
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exercise control over batch processing and access the data
generated. Figures 3-3 and 3-4 summarize the capacity and

performance requirements on TASS and TSC's utilization.

3.2.2 Capacity

Transportation problems effect almost the total
population of the country. When attempting to solve a
particular problem such as establishing the need for a
Personal Rapid Transit (PRT) or dual mode system, very large
volumes of data are required in the planning and analysis.
For instance, in dealing with freight rate problems, one
encounters three trillion different fares, or in planning an
urban network for a city of 100,000 population, the number
of intersections and vehicles needed to be controlled are in
the thousands. Also, in modeling air traffic control,
several thousand airplanes must be accounted for concurrently.
The transportation engineer will not attempt to solve his
problem on a machine that takes many hours of computing time
to reach éonvergence. Also, if a facility is consumed for
long periods of time, it eliminates other tasks from being
accomplished, thereby not only reducing the efficiency of
the single problem, but impeding the total support effort.
Therefore TASS must support multiple users with computational
support sized to meet the task efficiently. Extrapolations
from past and present computational needs to capacity and
performance requirements of the future are speculative, es-
pecially if tremendous growth is anticipated. The projections
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included here are of the most conservative nature in order
to show the absolute need, even under minimum conditions.
For instance, the present day terminal performance require~
ments on an interactive system are sufficiently high, (1
second to 7 second response maximum), that any cost for
improving on this would be wasted because the user would not
normally recognize the improvement.

The program sizes for TASS are extrapolations from
present models that are in use today. For instance, the
intercity transportation models used in the optimization of
airline routes requires a computer with the capacity of
2,250,000 bytes, and this is approximately one fifth the total
computer program. Optimization programs that require 20
million bytes are a realistic estimate for planning and
analysis needs. One of the major problems facing people in
the transportation business is the limited size of computers
to handle large tasks. For instance, detailed studies of
the air traffic control radar beacon system have placed com-
puter needs as high as 12,000 hours of CDC 6600 time. TASS
will provide computational capacity commensurate with the

planned programs.






4,0 TASF DESCRIPTION

4,1 INTRODUCTION

The purpose of this section is to present a concep-
tual description of TASF to give some insight as to what TASF
may consist of in terms of TASS hardware and software, and
building facilities. This description is the basis for

implementation cost estimates presented in Section 5.0.
4,2 TASS

4.2,1 System Requirements

The TASS conceptual design is based on the functional
requirements defined in Section 3.0. Following are major
5ystem capabilities resulting from the functional requirements:

a. The solution of large, complex transportation
problems requires a large scale scientific
computational capability.

b. The information management systems and large
sized data bases require a substantial mass
storage capability.

c. The interface with real-time simulators requires
powerful computational capability, high data
transfer rates and special interface equipment.

d. The use of numerous interactive graphics ter-
minals requires a graphics system to efficiently

handle the work load.



The simultaneous access to the system by many
and varied users requires special executive
software to handle the input/output (I/O) and
to effectively monitor and control utilization
of system hardware and software.

The capability to interactively build trans-
portation models requires a problem-oriented
software system capable of building problem
languages.

The capability to run programs developed on
other computational systems requires a large
repertoire of compilers, assemblers, and

interpreters.

4.2.2 Design Objectives

Along with being designed to meet the functional

requirements, TASS will be designed to meet the following

cost effective objectives:

a.

Use of Proven Systems - TASS will be designed

to utilize proven hardware and software. Design
will allow utilization of the latest state of
the art technologies without impacting system
implementation.

Growth Potential - TASS will be designed to
allow for future expansion capabilities. System
design will be modular to allow add-on or re-
placement of new system features.
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c. Flextibility - TASS will be designed to allow
varied equipment and software configuration
capabilities in order that efficient combinations
of components can be utilized.

d. Reliabtility - TASS will be designed to facili-
tate maintenance procedures for hardware and
software. Modular design of hardware and soft-
ware will be utilized to enhance quick inter-
changeability of faulty equipment parts and

correction of coding errors.

4,2.3 System Description
A conceptual TASS is illustrated in Figure 4-1.

The major components of the system are described below.

4.2.3.1 Computation Subsystem - The Computation Subsystem

will be utilized to perform the problem solving and simula-
tion computations required of TASS. It will be capable of
multiprogramming with a time-share monitor being one of the
allowable programs in the computer. The Computation Sub-
system will be spared from high I/0, low computation tasks
by the other TASS subsystems.

The Computation Subsystem will consist of a large-
scale scientific computer. However, the subsystem will be

designed to accomodate additional computers.
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4.2.3.2 Communication and Control Subsystem - The Communica-

tions and Control Subsystem will essentially control all
activities of TASS. It will monitor TASS system activities
and allocate TASS resources to meet the dynamic demands upon
the system.

The subsystem will control I/0 processing to decrease
the I/0 demands on the Computation Subsystem. It will control
data movement to and from the peripheral devices. It will
also perform a data management function.

The subsystem will require a computer with exception-

ally fast I/O and data management capability.

4.2.3.3 Display and Graphics Subsystem - The Display and

Graphics Subsystem will perform the input, computation and
output processing tasks necessary to interface with and drive
the various display devices of TASS. This subsystem will be
integrated with the Communications and Control Subsystem and
together they will relieve the Computation Subsystem of a
substantial amount of display input/output tasks.

The Display and Graphics Subsystem will handle all
interactive display inputs, perform data manipulation and
formatting computations, and distribute display data to the
appropriate display devices.

A display processor will be utilized to provide
graphics with high dynamic capability and rapid interactive
response. There will be a minimum of data communication with
the Computation Subsystem; only changes to data content will

be exchanged.
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The Display and Graphics Subsystem will support a
number of remotely located display stations located through-
out the Center. It will provide alphanumeric and graphic
information to the remote user at a station with any of sev-
eral interactive devices. These remote display stations will
be modular in construction and will allow many configurations
of keyboards, light pen, tablet, trackball, or other devices.
The subsystem will accept video or digitized inputs of maps,
drawings, and pictures to allow mixing of these inputs with
computer-generated graphic information. Hardcopy of the
computer-generated graphics and the mix of computer graphics
and video or digitized input will be provided by the system
at the user's command. The subsystem will also be capable

of driving large-screen displays.

4.2.3.4 Telecommunications Subsystem - The Telecommunications

Subsystem will perform the switching functions to provide
two-way data communications of different data rates to remote
terminals, internal and external to TSC. It will support
data exchange between TASS and demonstration and testing fa-
cilities. Dedicated lines will be provided to facilities
requiring heavy utilization of TASS. Users in DOT headquar-
ters, universities, government agencies or temporary field
locations will have the capability to dial-up access to TASS.
In addition, automatic dial-up equipment will permit dissem-
ination of batch program overload to other computation facil-
ities, data exchange with other facilities and access to
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special computation facilities such as the ARPA network.
Software support for data communications will be

located in the Communication and Control Subsystem, but the

necessary message buffering will be provided by the Telecom-

munications Subsystem.

4.2,3.5 Simulation Interface Subsystem - The Simulation

Interface Subsystem will perform the data conversion and
buffering tasks required to integrate transportation simu-
lators with TASS. The present design approach is that the
real-time simulators will contain the analog computation
equipment for computations more readily solved by analog
computers and TASS will provide the digital computers for
computations more readily solved by digital computers.

The subsystem will have a data distribution capabil-
ity to accomodate various simulator configurations. It will
transfer discrete, digital and analog data associated with
push-button controls, control sticks, digital readouts, status
lights, and meters which might be used in a mock-up of an
advanced air traffic control center, an automobile simulator,
or an urban transportation monitor and control center. The
subsystem will perform the Analog/Digital and Digital/Analog
conversions required on the data being transferred. The

converters will be patchable to the different devices.

4.2,3.6 Interim Storage and Data Bank - The Interim Storage

and Data Bank will provide the high speed mass storage for
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the storage of programs and data which must be readily acces-
sible by the TASS subsystems. The high data transfer rate
will enhance the multi-programming capability of TASS.

The interim storage capability will be used in
conjunction with the Communication and Control Subsystem to

efficiently transfer large amounts of data.

4,2,3.7 Peripheral Devices - TASS will contain the usual

computer peripheral devices such as card readers, card punch-
es, printers, magnetic tapes and disks.

TASS will also accomodate peripheral devices such
as:

a. Remote display terminals and graphic input

devices.

b. Optical character recognition equipment.

c. Key-to-tape or disk equipment.

d. Cartridge tapes.

e. Microfilm recorders.

f. Plotters.

g. Digitizers.

4.2.3.8 Software - The system software will be designed to
facilitate the solution of transportation problems by the users
of the system. It will also perform the task of integrating
the various TASS subsystems into an efficient working tool.

The following software capability will be provided:



a. Executive programs to control the execution of
other programs and system utilization. A multi-programming
executive will allow a number of user programs to simultane-
ously compete for physical resources, thereby making the most
effective utilization of the system. A time-share executive
will allow several users located at terminals throughout TSC
and outside the Center to have on-line access to TASS.

b. A problem language system to allow the building
and utilization of transportation problem languages. Users
will be able to directly formulate programs to solve trans-
portation problems. The system will allow a consistent
approach to solving the numerous transportation problems.

c. Interactive Graphics Programs to provide a
dynamic man/machine interface.

d. Compilers, assemblers, interpreters to allow
utilization of programs developed at other facilities.

e. Utility programs to handle the routine tasks

applicable to many problem programs,

4.3 BUILDING

The initial estimate is that the building will
enclose a gross area of approximately 56,000 square feet in
order to house the equipment and to provide a working space
for approximately 150 people. The building will have three
floors and will be of permanent fire-resistant construction.

It will contain the necessary utility lines and equipment



such as fans, pumps, electrical transformers and convertor
regulators as needed to provide the special environmental
requirements of the system equipment and working area.

An intercommunications subsystem will be provided
to allow continuous voice communications throughout the
critical operational areas of the facility. It will support

both maintenance and operations activities.



5.0 IMPLEMENTATION ANU OPERATIONS

5.1 INTRODUCTION

This section describes a plan for TASF imple-~
mentation and operations support. Cost estimates are
provided to give an indication of the scope of the
effort. However, more precise cost figures will become

available after more detailed study phases are concluded.

5.2 IMPLEMENTATION PLAN

The following work stages are proposed for the
development of TASF:

a. Definition of TASF requirements and generic

TASF definition--Phase A study

b. TASS design and layout--Phase B study

C. Architecture and Engineering (A&E) design

d. Construction of Facilities (COF)

€. Detailed design and implementation--Phase C/D

f. Operation--Phase E

The schedules of these stages are shown in Figure 5-1.

5.2.1 Phase A

A Phase A study contract will be let. User re-
quirements will be gathered, integrated and analyzed. The
most promising design approaches which can satisfy the re-
quirements will be defined and a cost/benefit study made

using specific criteria. A design approach will be selected

5-1



oTnpayos juswdoraasq JASYI °T-G 2Inbrdg

. ] suoTtayexadp

uoTjeIISUOCWa(]

I pue But3ysag

a/o sseuyd
- uoT3eluswsTdul

I pue ubTtsaqg

paTTe3ad SSYL
r S9T3ITTIORd
JO UOT3IONIISUOD

butassutbug
] pue a1n3d83TYSIY

] g oseyd
- ubrsaq we3sAs SSYL

— ¥ @seud - UOTITUTISQ
JdSVI OTaduan

8L-Ad LL-Rd 9L-Rd SL-Kd yL-Rd €L-Kd CL-Rd |1eoz 1e05TX obe3s xIom

aInpayos uswdolaaaqg JISYL



and further study will be performed to arrive at a generic
system definition. An implementation plan will be genera-
ted which will include cost estimates. The output of the
Phase A study will include requirements for building de-
sign, a detailed definition of the Phase B task, recommen-
ded facilities operations support and management procedures,

and operations cost estimates.

5.2.2 Phase B

A contract will be let for a system design con-
currently with the architecture and engineering (A&E) ef-
fort. Close coordination will be required with the A&E
effort to ensure that requirements for floor space, power,
and air conditioning are considered.

The system design will be based upon the design
approach of the Phase A study. The system design will
consist of a hardware/software design of each subsystem
and each major system component. Equipment sizing, per-
formance, and data interface specifications will be gen-
erated. The software will be designed and specifications
for each software package will be generated.

The specifications will be for subsystem design. The

output of Phase B will serve as input to the Phase C/D effort.



5.2.3 Architecture and Engineering (A&E) and Construc-
tion of Facilities (COF)

The building will be designed to meet the require-
ments specified in the generic design (Phase A) and the Phase
B systems design. It must ensure that the building conforms
to city building codes and is proper in appearance. The A&E
will specify all heating and cooling systems, etc. The out-
put of this will lead to the construction of facilities con-

tracts.

5.2.4 Phase C/D

A contract will be let to perform the detailed de-
sign and implementation of TASS. Phase C/D will be closely
coordinated with building and construction since instal-
lation of equipment cannot begin until joint occupancy
(JOD). The system specifications from the Phase B effort
will be used to perform the detailed design of the system
components. Lease/purchase decisions and equipment pro-
curement will be made in the initial period of Phase C.
Detailed hardware and software specifications will be gen-
erated. Hardware and software will be implemented and
tested during Phase D. Training courses will be provided
on TASS utilization. Operating documentation will also be
provided. The system will be considered operational upon
the completion of rigid system testing and demonstration.

A phase-in procedure will be utilized to ensure
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a smooth transition into TASS. During the phase C/D time
period software techniques to be used in TASS will be de-
monstrated on interim facilities. Where possible, new
hardware techniques will also be demonstrated prior to

implementation.

5.2.5 Phase E
Operations support contracts will be let at ap-

proximately six months prior to the system becoming opera-
tional. The contractors will assist in the checkout and
testing of the system and will support demonstration pro-
grams. Upon completion of Phase D, the support contractors
will operate and maintain all of the equipment and will im-
pPlement minor modifications on direction from the govern-
ment. Strict configuration control of both software and

hardware will be maintaine by the government.

5.3 COST ESTIMATES

Cost estimates for each phase are based on an ap-
praisal of the magnitude of TASF and on the experience gained
in similar activities. The estimates will be revised as work
progresses through Phases A and B. Final costs will depend
on the results of the competitive bidding process for system

implementation.



5.3.1 Cost of Major Work Stages
The estimated cost of each stage is tabulated
,elow. Phase A and Pnhase E are not included because Phase

A will be project funded and Phase E will be funded from

overhead.
Cost in
Phase $1000
Phase B (System Design) $ 500
Architecture & LEngineering (A&E) 200
Construction of Facilities (COF) 3,660
Phase C/D (Detailed Design
and Implementation) 10,960
Total $15,320
5.3.2 Phase C/D Cost

Phase C/D costs are divided into two basic cate-
gories; hardware and software. Hardware costs include de-
sign, fabrication, procurement, integration, and checkout.
Software costs include design, coding, integration, and
testiny. Cost estimates of major hardware and software

are itemized below.

a. Hardware - The Computation Subsystem processor,
Communications and Control Subsystem processor,
and Display and Graphics processor are not con-
sidered as procurement because they will be
leased and are considered as operations costs.
However, other costs associated with the equip-

ment are considered.



Cost in

Equipment $1000
Computation Subsystem $ 100
Communications and Control
Subsystem 450
Display and Graphics Subsystem 2,000
Simulation Interface Subsystem 1,500
Telecommunications Subsystem 750
Interface Buffers 1,500
Intercommunications Equipment 310
Total $6,610

b. Software

Cost in
Type of Software $1000
Executive Programs $2,000
Problem Oriented Language System 1,000
Interactive Graphics Programs 700
Compilers, Assemblers, Inter-
preters 350
Utility Programs 300
Total $4,350
5.4 MANAGEMENT AND OPERATIONS

5.4.1 Approach

Appropriate TSC organizational elements will pro-
vide the support required to manage and operate TASF. Man-
agement procedures will be established to provide central-
ization of Automatic Data Processing and simulation acti-
vities, to maintain control of hardware and software modi-
fications and to efficiently utilize software, hardware and

manpower resources.



Building maintenance and operations will be in-
c’uded within the Center's normal facilities activities.

Support to the Transportation Analysis and Simu-
lation System (TASS) will be provided by an efficient com-
bination of Civil Service and contractor personnel. Civil
Service personnel will primarily be involved in definition
and planning of system modifications and in control of re-
sources. Contractor personnel will be used for the imple-

mentation, checkout and operations of TASF.

5.4.2 TASS Supporting Disciplines
TASS support will consist of system design, and

maintenance and operations.

5.4.2.1 System Design -

a. Funetion - This discipline will be responsible
for maintaining the design integrity of TASS, including
system hardware, operating system software, and special
software support packages. Expertise will be provided in
the following technical areas:

® systems integration
® computer systems

® display systems

e communications

® simulators

® systems interfaces



® system languages

® problem-oriented languages, and

® software operating system design.
Requirements of the varied technical and administrative
users will be integrated and strict configuration control
maintained. It will ensure that adequate design specifi-
cations are generated and that new equipment and software
undergo rigid testing procedures.

This discipline will also provide the technical
support to investigate and analyze system problems en-
countered by users of TASS.

b. Manning - This function will be performed with
a small group of Civil Service specialists and a larger
group of contractor specialists. The Civil Service per-
sonnel will be responsible for generating general design
specifications and for directing the efforts of the sup-
porting contractor.

Detailed hardware and software design specifications
and implementation of system modifications will be performed
by contractor support elements because the required techno-
logical skills to perform these functions are readily avail-
able from industry. Also, a number of non-professional ser-
vices will be required which can best be accomodated by

contractor support.



5.4.2.2 Maintenance and Operation (M&0O) -

a. Function - This discipline will be responsible
for the maintenance and operations of TASF. It will ensure
that TASS resources are efficiently utilized. The following
M&O tasks will be performed:

® scheduling of equipment

e configuration control of computers and
simulation equipment

e system preparation for users

e computer operation

® batch processing

e key punch operation

e tape library and disc maintenance

e documentation storage

® periodic equipment checkout, and

e maintenance of spare parts.

b. Manning - This function will be performed with
a small group of Civil Service specialists and a larger group

of contractors.

5.5 OPERATIONS COST
Annual operations costs will be categorized as
follows:
a. Manning
e Civil Service manpower

e Contractor manpower



b. Facilities
® Building

® System equipment

5.5.1 Manning

The estimated manpower breakdown of an operational

system is as follows:

Discipline Civil Service Contractor Total
System Design 13 25 38
Maintenance and

Operations 10 50 60
Total 23 75 98

The estimated annual manning costs are as follows

and are expressed in $ million.

Discipline Civil Service Contractor Total
System Design $0.63 $1.25 $1.88
Maintenance and

Operations $0.48 $1.80 $2.28
Total $1.11 $3.05 $4.16




5.5.2 Facilities

The estimated annual facilities costs are as follows:

Facility Items Cost in $ million

TASS Lease Item

Computation Subsystem Processor $1.80
Communications and Control
Processor $0.90
Display and Graphics Processor $0.70
Bulk Storage $0.60
Subtotal $ 4.00

TASS Maintenance and Modification

System Hardware Modification $0.40
Spare Parts $0.30
Subtotal $ 0.70
Building M&O $ 0.15
Total S 4.85
5.5.3 Operating Cost Summary

The total annual operating cost in $ million is:

Manning $4.16
Facilities $4.85
Total $9.01

The total annual operating costs represent 6 per-

cent of an anticipated TSC budget of $152 million per year.




APPENDIX A

FUTURE PROGRAMS

I. AIR TRANSPORT SYSTEMS

In the field of air transportation systems, TSC will
continue to participate with NASA in developing V/STOIL avia-
tion systems concepts. Significant effort will be undertaken
at TSC toward the goal of improving the flow and control of
air traffic as the airways and airports become increasingly
conéested and passengers experience increasing delays in air
travel. The primary program to which TSC is committed jin-
volves the preliminary design of an advanced Air Traffic
Control System. Successful control of the nation's airways
requires design and development efforts in data processing,
improved communication and navigation systems, and improved
pilot aids and landing systems for air operations under ad-
verse weather conditions. The design of these systems necessi-
tates extensive simulation and analysis of air transportation

scheduling and flow cbnttol.

° Progran exanple: V/STOL SHORT HAUL TRANSPORTATION
The long term goal of the program is the multi-
fold improvement in short haul aviation system
productivity, reduction in aviation short haul
door-to-door travel time by 25 percent, and the
world leadership in aviation technology and sales.
With the development of the V/STOL aircraft and
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airports, a significant reduction in air traffic
and airport congestion will occur. This con-
gestion now wastes air traveler's time and adds
significantly to noise and air pollution (22
million pounds of pollutants were produced in
1969 because of air traffic delays). Estimated
total loss to commercial airlines and air travel-
ers due to congestion amounted to $620 million

in 1969; projected annual losses by 1980 are
$610 million for air carriers, $370 million for
air passengers and $17 billion for landside delays
for a total of $2.68 billion. Major TSC tasks

in the program include: (1) identify sites
within an urban area which would be suitable for
use as V/STOL airports; (2) develop ideal air-
port designs; (3) determine private and social
costs and benefits of V/STOL operation and esti-
mate air fare structure; (4) develop simulation
programs for combined conventional and V/STOL

air traffic; and (5) develop air traffic con-
trol methods capable of handling aircraft at
reasonable cost and at acceptable levels of

safety.

II. GROUND TRANSPORTATION PROGRAMS
The programs will be undertaken primarily for UMTA
against the requirement of the pressing public need for
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improved urban people movement in order to relieve congestion
on city streets and highways. Ground Transportation System
Development Programs will be conducted in all phases from
conceptual design and analysis through hardware development,
test, and demonstration. These programs involve improved
utilization and flow control on existing highways (in support
of FHWA), improved urban subway and commuter rail equipment
(for UMTA including testing at DOT's Pueblo Facility), as
well as new approaches to urban transportation such as TACV
and Automatic "People Mover" Systems.
® Program example 1: PERSONAL RAPID TRANSIT
PRT is a system of automated guideways, below
and/or above ground, in which vehicles are part
of the system. Typically, a traveler would go to
the station in the city, enter a waiting vehicle,
punch a destination code and be transported auto-
matically and rapidly to his destination. The goals
of the program include: (1) reduce traffic con-
gestion; (2) eliminate pollution; (3) revital-
ization of urban cores; and (4) improve mobility
of all citizens, The Center may be responsible
for the following tasks: (1) identify social and

personal costs and benefits of PRT installed in



an urban environment; (2) derive cost functions
for PRT technologies; (3) study the feasibility
of PRT in various applications; (4) conduct
demand analysis of proposed system; (5) simulate
given or projected grid network for cities having
various geometrical and flow patterns; and (6)
simulate command and control strategies for system.
Progran example 2: URBAN CONGESTION

The goal of this program is to reduce overall
travel time during rush hour by 25 percent in 50
urban areas by 1980 by improving traffic flow.
Improved traffic plans for the cities will result
in time saving to individuals, improve safety,
reduce accidents and produce enormous productivity
payoffs. Specific cost benefits include: (1)
auto liability insurance cost reduced by 20 per-
cent ($2 billion per year); and (2) reduce goods
movement costs in cities by 5 percent ($1.5 bil-
lion/year reduction in a $30 billion/year goods
movement bill). TSC may be responsible for the
following tasks: (1) determine the housing,
commercial, and industrial developments encour-
aged by, compatable with, or hampered by current
urban transportation systems; (2) verify the
potential economic benefits predicted with in-
creased usage of public transit systems; (3)

predict impact on public to toll, parking
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availability and pricing policies; (4) simulate
an areawide traffic control system with sensors,
computers, and auto and bus loading for a large
city; (5) simulate a network of ramp access
controlled freeways with priority access for buses
in which the freeways are interconnected with bus
priority; (6) determine the mix of dedicated
streets and non-dedicated streets which will re-
sult in intermodal balancing so that free traffic
flow will result; and (7) develop criteria and
methods for establishing express and local bus

routes which satisfy passenger demand.

III. MARINE TRANSPORT SYSTEMS
TSC will provide analytical support to the areas of
harbor traffic control and navigation. These studies will
rely heavily on TSC's capability in system analysis and simu-
lation. They will have important ramifications in safety
and in the reduction of o0il pollution caused by tanker colli-
sion.
® Progran example: VESSEL TRAFFIC SYSTEM
The goal of this program will be to reduce mari-
time traffic accidents and the loss of life,
property and that due to ecological damage by
60 percent by 1980. A savings of $206 million/
year in avoidance of vessel damage, cargo and
property losses and savings in cleanup costs of
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0il and chemical spills and damage to the ecology
will result when the program is completed. TSC
will investigate vessel traffic separation pro-
cedures, navigation aids, centralized communica-
tions, traffic coordination centers and shore
based radar surveillance with selected tracking

and large scale displays of traffic movement.

Iv. MULTI-MODAL TRANSPORT SYSTEM

The goal of a balanced National Transportation Sys-
tem places increasing importance on multi-modal transportation
developments. To bring together best attributes of transpor-
tation by highway, rail, and fixed guideway automatic systems
for the purpose of relieving highway congestion, the DOT has
undertaken a dual mode development and demonstration in
which TSC plays the major technical role. It is desir-
able to focus in a single organization the functions of
planning, analysis, simulation, and technological engineering
development which will be of value to all modes of transpor-
tation and to each modal administration. TSC is the logical
organization to do this multi-modal work and, accordingly,
will conduct programs in transportation technical assessment
and multi-modal ground system component and technology
developments, and will direct effort to such problems as
cargo security and the economic and social impacts of trans-

portation.



® Progran exanple: DUAL MODE

Dual Mode is a high capacity urban-suburban
rapid transit system anticipated to be opera-
tional between 1990 and 2000. One concept of

a dual mode system is that the dual mode vehicle
would be privately owned and resemble a present
day compact automobile. The vehicle would be
capable of operating on roads and also on eleva-
ted guideways. Typically, a suburban traveler
would manually drive his dual mode vehicle to

the nearest collection station where the vehicle
would be placed on a guideway. The traveler
would then punch a destination code and be trans-
ported automatically to his destination. The
dual mode concept is analogous to the personal
rapid transit (PRT) system except that the dual
mode traveler remains in his privately owned
vehicle from his front door to the final destina-
tion point. The short range objectives. of this
program are to determine (1) technical feasibil~
ity, (2) cost effectiveness, (3) public need,
and (4) system acceptance and implementation.
The long range goals of the program are to reduce
traffic congestion and eliminate pollution.

Tasks in which TSC will be involved include:

(1) develop short and long range plans for the
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development of an operational dual mode vehicle,
including preparation of the necessary plans for
the system analysis, development engineering,
test and demonstration; (2) define a baseline
dual mode system for specific future time frames
for urban applications; (3) determine long
range national interest in developing dual mode
technology; (4) determine critical technologies
and then economic benefits for application in a
dual mode public demonstration; and (5) deter-
mine demonstration site location and develop

plans for demonstration.

V. NOISE ABATEMENT

A major problem in the design of transportation
systems is the impact of the system on non-users. The high
noise levels of many transportation modes cause quite adverse
environmental effects on the surrounding areas. Major em-
phasis in noise abatement will be placed on the analysis of
right-of-way noise for the various transportation modes and
for the development and demonstration of appropriate counter
measures. These studies should serve both to reduce the
existing noise burden associated with current systems and to
aid in the design of new systems. It should be noted that
without substantial quieting, most éf the attractive new
transportation systems would prove unacceptably noisy for

the urban environment.



Program exanple: AIRPORT NOISE REDUCTION

The results derived from this program will
provide a significant improvement in the airport
noise environment and simultaneously increase
capacity airports by reducing the noise level
from individual aircraft by 4-20 EPN dB by 1976.
Cost benefits of this program will include: (1)
increased growth in air commerce with removal of
constraints now imposed by noise; (2) reduction
of airport development and modification costs

by using available capacity at existing airports
using quieter aircraft; (3) elimination of
legal claims against airports which now total
over $3.8 billion; and (4) increased trade
balance from international fleet retrofit/
replacement. TSC, other modal administrations,
and NASA, will investigate new aircraft opera-

. tional procedures, augment research and develop-
ment leading to retrofitting of existing aircraft
with accoustically treated engine installations,
develop_and quiet propulsion systems for future
aircraft, and give financial support to acceler-
ate'replacement of existing aircraft with quieter

new technology aircraft.



VI. POLLUTION REDUCTION

Currently 60 percent of all air pollution is trans-
oortation related. TSC's pollution reduction activities will
be stepped across all modes in response to urgent concerns
expressed by the OST and modal administrations. Analyses of
particular pollution problems essential to the writing of
new laws and regulations at all levels of government include
the following: (1) an assessment of the environmental im-
pact of high altitude aircraft (foreign and domestic); (2)
development of safety standards for automotive parts as they
impact on the leakage of exhaust gases into the passenger
compartment; (3) development of surveillance techniques
to detect and track oil spills; and (4) development of
exhaust emissions monitors for marine engines. Naturally,
much of the knowledge and technology gained in these studies
will find application in the operational phase of future
pollution abatement systems. The other major emphasis of the
pollution reduction program is the development of low pollu-
tion propulsion technology, both in support of the Federal
Advanced Automotive Power System Program and in non-automotive
fields.

® Progran exanple: CLEANER EFFICIENT POWER FOR

SURFACE TRANSPORTATION
The goal of this ptogram is to reduce the energy
demands of surface transportation vehicles and

systems for fossil fuels by 1980 by 10 percent

A-10



while maintaining low air pollution and noise
emissions. The program cost benefits include:

(1) reducing the national transportation fuel
bill by $3 billion or more annually; and (2)
slowing increase of fuel imports. This program
will involve such actions as the development of
advanced batteries for electrically powered
vehicles, developing efficient motors and controls
for vehicles using wayside power, evaluation of
novel fuels for future vehicles, and improving

the efficiency of heat engines.

VII. TRANSPORTATION SAFETY

In the field of air transportation safety, TSC will
attack several problems which appear to be fairly readily
solvable by electronic devices: (1) accoustical radar will
be developed and demonstrated to warn pilots of wake vortices;
(2) a microwave radiometer will be constructed and flight
tested aboard airliners to give long range warning of clear
air turbulence; and (3) bomb detection will receive the
major emphasis in the antiskyjacking program.

Automotive safety can also be substantially improved
by the development of a number of relatively simple electronic
devices such as: (1) a crash sensor to activate air bags at
the earliest possibie moment; (2) driver performance testers
to prevent drunken driving; (3) holographic, microwave or
infrared non-destructive tiretesters; and (4) microwave
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grade crossing protection equipment. In all cases, demon-
stration of the device's life saving ability is the major
objective.

As is the case with automobiles, the railroads
appear to have several safety problems amenable to technolog-
ical solutions. The unnoticed flaws in rails and wheels
cause most derailments. These may be detected by a combina-
tion of magnetic, ultra-sonic, and X-ray devices. As for the
rail accidents caused by human error, a cab recorder will be
developed and tested to perform a function analogous to that
played by the flight recorder in the investigation of air
crashes. Data accumulated will also serve as the foundation
for an analysis of the man-machine interface and for subse-
quent improvements in cab equipment design.

e Program exanple: RAIL-HIGHWAY INTERSECTION

IMPROVEMENT PROGRAM
The goal of this program is to reduce the number
of deaths and injuries due to rail-highway grade
crossing accidents by 50 percent by such actions
as upgrading, eliminating or separating 50,000
rail-highway intersections. Benefits of this
program include: (1) $8 billion savings in
accident and traffic delay costs over 5 years;
(2) savings of 900 lives and 2000 serious injur-
ies each year; and (3) increasing the average
rail speeds by eliminating the need to slow

trains at grade crossing.
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APPENDIX B

CCMPUTER FACILITIES

I. IN-HOUSE EQUIPMENT
® Ibd 7094 and 360/30

The 7094 with 1152K bits of core storage serves
as a main processor in a system consisting of ten 7-track
tape drives, one disk and aﬁ on-line printer. All pre- and
pPOst-processing is carried out by the 360/30 which is inter-
faced with a paper-tape punch and reader, a line printer,
two magnetic tape drives and CALCOMP microfilm and pen plot-
ters.

The 7094 is equipped with FORTRAN and COBOL com-
pilers and operates only under batch control. The 360/30
operates under DOS, OS and PONY. The CALCOMP plotting sys-

tem is a basic software bpackage.

® DEC PDP-10

The PDP-10 is primarily being used as the main
processor in ATC experiments. It has 2304K bits of core
storage and an "add" time of 2.5 microseconds. Peripheral
hardware includes two 7-track tape drives, DEC tapes, a
card reader, line printer, two disk drives, numerous ASR-
33/35 teletypes and an ARDS Display. A Bell System Data
Station is utilized in the time-sharing of the system,

The PDP-10 is equipped with the following com-

pilers, assemblers and processors: FORTRAN, COBOL, BASIC,
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ALGOL, MACRO, LISP and GASP II. These are available in
either of the two modes--batch and timesharing.

In addition to the above-mentioned software, the
PDP-10 is equipped with a Route Oriented Simulation System
(ROSS) developed to provide a complete laboratory facility for
experimenting with manual and automatic ATC procedures and
mix.ures of the two. A specially devised interface and communi
cation software enables the simulation to be displayed by
the DDP-516 on several consoles.

e HONEYWELL DDP-516

The DDP-516 has 512K bits, and "add" time of
1.92 microseconds and operates only in dedicated user
mode. Input is initially from either the ASR-33 teletype or
a paper tape reader. The system does have 1 disk drive for
storage of data for future use.

The DDP-516 system is equipped with an ADDS 900
Graphical Display Generator which can be used to drive the
available displays. In connection with this display sub-
system, a Dynamic Display Software System (DISS) was developed
on this DDP-516 for use in the interactive display of computer
controlled flight information systems.

e HONEYWELL H832
The Honeywell H832 has 1024K bits of core storage

with 1.7 microsecond "add" time. It is really a multiprocesso



with two No. 632's back to back. 1t ig equipped with all the
necessary I/0 devices and has a special data link to a DDp-
516 in the 1lab. Both machines have FORTRAN compilers and
assemblers as well as disk operating systems. The DDP-516
Operates in both batch and timesharing modes.

This system is equipped with a large hardware
package placed under the name of a Graphics Oriented Transpor-
tation [GOTS]) System; the software to utilize this system also
exists. The hardware pPackage consists of the following:

(a) Display Generator attached to the DMC of
the DDP-516

(b) A color CRT

(c) Three (3) CRT monochrome displays

(d) ©Light Pen

(e) Tablet ang Stylus

(£) Joy stick

The Display Subsystem Software consists of Internal
supervisor routines, External Supervisor routines, Light Pen
3oftware and special purpose routines. Several small simula-
:ions have been written using the Display Subsystem but thesge

'ére generally single isolated routines rater than general use

oftware,

I. OUT-OF-~HOUSE FACILITIES
® LINCOLN LABS

Lincoln Labs is currently operating under the



purden of a daily backlog on its main computer facility, an
IBM 360/67. This system has 8x106 bits of core storage and
an "add" time of 2.6 microseconds.
e MITRE
Mitre has recently upgraded to an IBM 370/155;
this has reduced their current workload to two full shifts.
The system has 5%x10® bits of core storage and an "add"
time of 0.23 microseconds. Time is available on a third
shift basis, but this will probably cease within the fiscal
year.
e SAO
Smithsonian Astrophysical Observatory operates a
CDC 6400 in batch mode only; this is a definite disadvantage
to a real-time simulation facility.
e AVCO CORPORATION
Avco Corporation operates a facility equipped witl
an IBM 360/75 with core storage of 8x106 bits and an "add"
time of 1.6 microseconds. They currently do not support any
timesharing operations and do not plan to expand into this
area. They do have microfilm plotter capabilities, but very
little is known about their system.
e DRAPER LABORATORIES
Draper Labs, with a 360/75 expects to add more
hardware and software to their system which currently has

4xlO6 bits of core storage. With the completion of the NASA



Apollo Program in January, Draper Labs will have an additional
300 to 400 hours per month available to users; this will
primarily be on a second and third shift basis.
@ CYBERNET

Cybernet, a commercial organization, is equipped
with a CDC 6600 which has tremendous core storage, time-
sharing facilities and a cycle time of 0.3 microseconds. The
teleprocessing lines from Cybernet transmit at a rate which
barely keeps a slow speed printer operating and would definitely
not be able to update a display screen fast enough to satisfy

the smallest dynamic picture.

IIT. INTERNAL DOT FACILITIES

A search of the available literature on government
computational facilities has revealed that DOT has very
little along the lines of large-scale computing machinery.
Their largest single model is a 360/65, while they have
several 9020 systems, i.e., 360/50, ponied back to back for
multiprocessing; these 9020's are located at the FAA center

in New Jersey.
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APPENDIX C

GLOSSARY

Term or

Mnemonic Definition

A&E Architecture and engineering

ADP Automatic data processing; data processing
requiring minimum human assistance

Alphanumeric Characters that include the alphabet, numer-
als, and other symbols such as punctuation
or mathematical symbols

Analog Representation of numerical quantities by
physical variables (continuous) e.g. nota-
tion, volume change, etc.

A/D or D/A Analog/Digital (A/D) or Digital/Analog (D/A)
converter which performs fast data conversion
between digital and analog computers

ARPA Advanced Research Projects Agency

ATC Air traffic control

Batch Group of records or data to be taken as a whole

CPU Central processing unit

Data Transformation of masses of raw data into use-

Reduction ful or simplified intelligence

Demographic Census data

Data

Digital Discreet data (discontinuous) e.g. series of
arithmetic computations

Documentation Collecting, organizing, storing, citing, and

Processing dispensing of documents or their information

DOT Department of Transportation

Emer. Med.
Services

Emergency Medical Services




GLOSSARY (Continued)

Term or Definition
Mnemonic
EPN dB Effective perceived noise level (in decibels)

Fast-time
Simulation

FHWA
GFE

Graphics
Input

Graphics
output

Hardcopy

HW

I/0
Input/Output

Interactive
Computation

Interactive
Graphics
JOD

Large Scale
Display

Library
Service

includes time exposed to noise as well as
loudness

Computer speeds up time elapsed to allow for
more efficient simulation, e.g. an event
taking 20 minutes in real time may be scaled
to take 20 seconds of simulation

Federal Highway Administration

Government Funded Equipment

Data input in form of charts, graphs, etc.
Data output in physical form e.g. graphs,
charts, etc.

Typewritten or printed characters on paper,
produced at the same time data is turned into
machine language that is readily comprehensi-
ble e.g. printed reports, summaries, lists,
etc.

Highway

Information or data to or from computer

Direct communication with computer

Physical representation of data viewed as a
program is running; can be both input and
output terminal

Joint Occupancy Date

Visible representation of data on a large
scale

Organized collection of standard, checked out
routines




GLOSSARY (Continued)

Term or
Mnemonic

Definition

M&O
Management

Information
(system)

Mass
Storage

Modeling

NAFEC

NASA

OMB

Optical
Character
Recognition
0OSsT

PRT

Remote
Access

Real-time
Simulation

Sensor
Implementa-
tion

Simulation

Maintenance and Operation

Specific data processing system designed to
furnish management and supervisory personnel
with information consisting of data that are
desired and which are fresh or with real-time
speed

Installations to provide efficient and effec-
tive storage of masses of data

Characterization of a process, object or con-
cept in terms of mathematics enabling rela-
tively simple manipulation of variables
National Aviation Facility Experimental Center
National Aeronautics and Space Administration
Office of Management and Budget

Identification of graphic characters by photo-
sensitive devices

Office of the Secretary of Transportation

Personal Rapid Transit

Obtaining data or placing data in storage
from a terminal not located at the computer

Model where time elapsed exactly corresponds
to time sequence in real-world events

Implementation of device allowing computer to
obtain analog information concerning tempera-
ture, flows, pressure, etc,

A system operating by means of mathematical

or physical models that operate on real-world
or specifically designed problems in a time-
sequential method similar to the system itself




GLOSSARY (Continued)

Term or Definition

Mnemonic

TACV Tracked Air Cushioned Vehicle

TASF Transportation Analysis Simulation Facility

TASS Transportation Analysis Simulation System

Te'ecommuni- Transmission or reception of signals, writing,

cations sounds, or intelligence of any nature by
wire, radio, light beam or any other electro-
magnetic means

TLV Tracked Levitated Vehicles

TSC Transportation Systems Center

TST Office of the Assistant Secretary for Systems
Development and Technology

UMTA Urban Mass Transportation Administration

V/STOL Vertical short take-off and landing aircraft




