






























































(5) Provides magnetic encoding, auto-
matic cancellation and automatic counting
of each ticket,

(6) Contributes to overall labor savings
throughout the railroad business, and

(7) Provides flexibility for expanding
functions in the future.

The terminal station may contain up to
six Operation Consoles, a Ticket printer and
Journal printer. These are all located in
the booking office and if the distance be-
tween them is short, less than 1.5Km, they
are connected by an ultra-speed line
(1Mbps) .

Net Profit Per Year,
More Than One Billion Dollars

In this most modern railroad we see in-
corporated the concept that the railroad it-
self is a form of automated system that is
enhanced tremendously by the broad applica-
tion of computerized automation.

The impact of such developments is enor-
mous. The cost of labor on American rail-
roads is between 50 and 60 percent of gross
expenses, whereas on this high-speed Shin-
kansen line the labor cost is only 18 per-
cent. Because of the liberal application of
computer technology, productivity per em-
ployee is much higher.

By the end of the seventies this single
high-speed rail system, in Japan, produced
a verified net profit of more than one bil-
lion dollars per year that contributed more
than 36% of the total cost of the operation

of the entire JNR system. As reported by Mr.

Tatsuya Ishihara, formerly Deputy General
Manager of the Shinkansen Administration,
"This financial success lies in the fact
that it is an automated railway necessita-
ting relatively few employees."

Safety Record:
2 Billion Passengers, Not One Casualty

The same can be said about its outstand-
ing safety record of carrying about 2 bil-
lion passengers during a period of twenty
years without a single casualty not one.

Extensions of Shinkansen

This initial route has been extended
north to Niigata and northeasterly to Mori-
oka. The route to Niigata is called the
Joetsu and is 168 miles long. This route
opened on November 15, 1982 and has averag-

ed 43 trains per day. The route to Morioka
is called the Tohoku and is 289 miles long.
It has averaged 49 trains per day since its
opening on June 23, 1982. Both new routes,
through regions of lesser population den-
sity, have been successful far beyond ori-
ginal expectations.

Eventually, the network will be extend-
ed to the northern island, Hokkaido, via
the longest undersea tunnel in the world;
and to the central island, Shikoku, via a
system with two of the longest suspension
bridges on earth. Additional segments of
the Shinkansen will link all major popula-
tion centers of Japan.

The Shinkansen has now reached the sta-
tus of one of the country's greatest assets
and a National Treasure. It is one of the
finest examples of man's creativity. There
is no reason why such a system can not be
duplicated anywhere on earth and why, with
computers, that rail transport can not reach
the peaks that it is capable of doing.

Japan has modern airways, super-highways
and the traditional waterway links to all
islands; yet it relies upon its excellent
high-speed rail passenger system for the
regular, safe and economical mass movement
of millions of people. The Shinkansen 1is
the nation builder.

Lesson for America

This is a lesson we need to learn in
America. Our railroad network may have been
built too early. It peaked and is now at a
low ebb. Our highest authorities have warn-
ed of the coming transport crisis. Highways
are congested and airways and airports are
overcrowded yet the demand for more and bet-
ter transport increases. There is no more
space to meet the massive demands of high-
way development where it is needed the most,
and land for new jetports just does not ex-
ist. For example, there is far more acreage
in Kennedy International Airport in New York
than all the acreage in the railway between
New York City and Chicago. Something must
be done to provide an alternative system to

‘meet the growing demand. It will not be met

by highways and airports. Transport at its
best is a mix and the best mix in a modern
first-tier country has good railroads at its
core.

It is entirely possible to run freight
trains on a high-speed rail system such as
the Shinkansen. The only thing that must be
remembered is that they must run at the same
speed as the passenger trains, and they must
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not be too heavy. The technology does not
mind what is on board the cars as long as
they all operate the same way.

Testimony of Alan S. Boyd

Several years ago, Alan S. Boyd, then the
president of the National Rail Passenger
Corporation (AMTRAK) and formerly the Secret-
ary of Transportation, Chairman of the Civil
Aeronautics Board and one-time president of
the Illinois Central Railroad Co. traveled
to Tokyo at the invitation of Mr. Fumio Taka-
gi, president of the Japanese National Rail-
ways. While there Mr. Boyd had the opportun-
ity to ride the Shinkansen, to study its en-
tire system and, in particular, to take a
good look at its financial situation. He was
pleased and properly impressed by all that
he saw.

A few days after his return from Japan,
he summed up his views of high-speed rail
passenger services in a speech delivered be-
fore a railroad group in Chicago:

"I emphasize the Shinkansen 'system' be-
cause that is the most accurate way to
describe it and to understand why it is
different. The Shinkansen rolling stock
is impressive, but there are very impres-
sive trains in other countries. The Shin-
kansen right-of-way, roadbed, and track
are impressive, but certain passenger
rail sections in other countries may be
as well designed. The Shinkansen central
traffic control, computerization, and
management are excellent, as they are in
other countries. Its maintenance is ex-
traordinarily efficient, and some other
countries may match that. It is when
you put all of this together into a fully
integrated system that you discover, be-
yond all doubt, that the Shinkansen sys-
tem has no equal. It is well designed,
well organized, well supported, and well
managed."

Future High-Speed Rail Systems

If high-speed rail systems are ever to
be developed in the United States, two
things must be made clear. First, new road-
bed and tracks must be built. Passenger
service and freight service must be handled
with the same speed regime if they use the
same track. Second, the construction of
new track must be done as part of an integ-
rally designed system -- i.e. track, vehi-
cles, controls, stations, and operating
practices with all their interfaces through-
out the entire system. Then, the entire

system and all of its sub-systems, must be
computerized. None of these problems is in-
surmountable as other nations have demon-
strated. In fact, other nations have shown
that the future of high-speed rail techno-
logy is already waiting for us. We have to
understand how to design, build and operate
bt

It has been proved that high-speed rail
systems can be profitable. If such systems
are to be built in America, they are going
to have to be owned and operated by a '"for
profit" private industry that knows what it
is doing. No such system will ever be built
successfully in the United States by a local,
state or federal government or instrumenta-
lity thereof. This is a free enterprise

profession, and it runs best that way. Q
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COMPUTER-SIMULATED ROBOTS

Based on a report in the “Financial Times”,
Sept. 1984

70 Cannon St.

London EC4P 4BY, England

Two investigators at Nottingham Univ.,
England, believe that they have produced a
system which could reduce the hazards of in-
stalling robot systems in industry.

They have developed a computer program
called GRASP -- Graphical Robot Applications
Simulation Package -- which can simulate ro-
bots at work in a factory, the idea being to
cut the time to design flexible manufactur-
ing systems and reduce mistakes.

GRASP cost about £250,000 to develop, of
which £150,000 came as a grant from the
Science and Engineering Research Council.

Dr. Yoon Yong and John Green of Notting-
ham University are two of the founders of a
new company, BYG Systems, created to market
the system. Dr. Yong and his fellow work-
ers moved into factory space on Nottingham
University's new science park in October.

Dr. Yong believes that there will be two
major applications for GRASP, the design and
layout of new factory automation systems and
as a programming aid for robots in existing
systems.

The Nottingham University researchers
have worked closely with industry during the
program's four year development. Computer
instructions to the designer are given in
clear English to avoid the need for comput-
er jargon. GRASP has simulated a group of
four robots welding a truck for Ford, for
example. If a designer tries to make a
robot perform a move of which it is not
capable, GRASP will show this on a comput-
er screen. It can also indicate if a robot
is likely to hit an obstacle as it moves.

With GRASP, designers have a pre-defined
set of basic shapes from which to build up
robot models on the computer screen. They
can simulate all the leading makes from

Asea, Unimation, Cinncinnati Milacron or
IBM, for example. Workpieces, benches and
conveyors can be added to build up a pic-
ture of the proposed factory environment.

These are three dimensional models which
can be moved around the screen at will,
seen from any angle, and the effect of mov-
ing one component can be assessed. Animat-
ed sequences are possible where the simulat-
ed robot is put through its paces as if it
were a properly programmed machine on the
factory floor.

Examples could include a robot picking
items off a conveyor or presenting an en-
gineering part for drilling or polishing.
GRASP can even simulate the time taken for
a real robot to do the job thus highlight-
ing any synchronization problems when link-
ing machines on the production line.

Once a work sequence is programmed, a
robot of one make can be substituted for
another. Technical specifications such as
degree of rotation, length of a robot's arm,
speed of movement are all entered into the
computer. Dr. Yong said that robots could
thus be compared for their suitability for
a particular job. '"'This can stop you buy-
ing an overly-sophisticated robot when a
simple one will do,'" he said.

GRASP will cost from £45,000 at which
price it is the cheapest robot simulation
system on the market capable of animation
and identifying problems. Dr. Yong says
that it brings the system within the range
of small and even medium-sized companies.

NETWORK OF 400 PERSONAL COMPUTERS
WITH LISP LANGUAGE

Robert M. Byers

News Office

Mass. Inst. of Technology
Cambridge, MA 02139

Massachusetts Institute of Technology
(MIT) and Texas Instruments, Inc., (TI)
have entered into an agreement under which
the MIT Laboratory for Computer Science
(LCS) plans to acquire up to 400 of TI's
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newly-developed Explorer personal computers.
Over the next two years, these machines will
be used to establish the world's largest
network of Lisp machines, significantly
changing the computational environment of
the Laboratory.

The Explorer is an advanced personal
computer which uses the LISP language and
incorporates several major developments
originated at M.I.T. The 400 machines are
expected to have a value of some $20 mil-
lion. "In exchange for initially develop-
ing the Explorer basic technology, M.I.T.
expects to acquire the full system at a
favorable price,'" Dr. Michael L. Dertouzos,
LCS director, said. Funding to acquire the
Explorer system will be sought from private
sources and from the Advanced Research Pro-
jects Agency of the Department of Defense
which funds somewhat more than half of the
LCS's present research program.

"By 1986, we hope to have the entire
laboratory -- faculty, students, staff and
support staff -- using Explorers and linked
together in a large interactive network,"
Dr. Dertouzos said.

For Dr. Dertouzos and his colleagues at
LCS, the arrival of Explorers at M.I.T. will
bring to the campus -- in one commercial
product -- a whole series of computer sci-
ence advances that began at M.I.T. These
include: the LISP language developed in 1959
by Professor John McCarthy, now at Stanford
University; the Nu Bus and Nu Machine tech-
nology developed at LCS in the late 1970s
under the direction of Professor Stephen A.
Ward; the Lisp machine and the notion of a
total Lisp environment that started in
M.I.T.'s Artificial Intelligence Laboratory
in the late 1970s; and, finally, concepts
and techniques for interconnecting hundreds
or thousands of machines into a distributed
system, a key concept which LCS has been
pursuing since 1976.

"All our ideas are coming back to us in
one well-engineered commercial system,"
Dr. Dertouzos said. '"Putting all these de-
velopments together and adding their own
considerable contributions was a challenge
for TI and we think the company should be
congratulated. It is something we have been
hoping for for eight years.'" The Explorers
will form LCS' central computational re-
source -- ''the dominant keyboards and
screens in front of our students, faculty,
staff and support staff.'" '"Explorers will
produce documents, develop programs, handle
mail and messages and give everyone access

to external networks and to our own unique
facilities -- our multiprocessor emulation
facility, our very large scale integrated
circuit design system, a number of laser
printers and our data archives,'" he said.

"We will, of course, continue research
on a variety of hardware and software sys-
tems outside of the Explorers -- on machines
of other manufacturers and machines of our
own design. But we will rely on the Ex-
plorers to access these machines and to
carry out tasks that we presently accomp-
lish through central time-shared and dedi-
cated personal machines."

Dr. Dertouzos said the Explorers, when
installed and linked together, will solve
what he has called the "Tower of Babel
problem within LCS. Using a large number
of different computers, LCS workers have
found sharing research and interacting with
each other difficult, he said.

LCS earlier received 30 prototype Nu Bus
personal computers from TI after TI received
the Nu Bus license from M.I.T. The aim was
to begin weaning LCS from dependence on
time-sharing, a concept LCS itself pioneer-
ed 21 years ago. The Nu machines sidestep
obsolescence, thanks to the special com-
munication standard called Nu Bus which
makes possible the use of different pro-
cessors as they evolve.

"The new Explorers are precisely in that

mold," Professor Dertouzos said. '"They are
the Nu machines to which Lisp processors
developed by TI have been added.'" '"Unlike

a time-shared system that can have at most
50 or 100 users, a network of Explorers will
be able to scale up to an arbitrarily large
number of users. Nevertheless, users will
see the same services -- with the same or
better performance -- as they now see on a
single central machine.

"The revolutionary aspect of distributed
systems is the transition from several cen-
tralized single-computer environments to a
large computer 'tribe' of decentralized --
but equally powerful -- intercommunicating
machines.'" Nearly half of LCS's 320 re-
searchers already are doing research on
distributed systems, Professor Dertouzos
said. '"Our approach to distributed sys-
tems,'" he said, '"has been a search for
equilibrium between the opposing forces of
cohesiveness and local autonomy -- cohesive-
ness because applications such as sharing
common data bases require a single coordi-
nated approach, and local autonomy because
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of people's inherent need to control and
use their own resources for their own pur-
poses. Decentralization will lead to ac-
ceptable operation of an aggregate system
in spite of local failures."

LCS was started in 1963 as Project MAC
(Multiple Access Computer and Machine Aided
Cognition) with ARPA support. Compatible
Time Sharing System (CTSS), one of the first
time-shared systems in the world, was an
early laboratory success. In the 1960s,
the laboratory developed Multics, an im-
proved time-shared system introducing vir-
tual memory, operating system security and
the writing of operating systems in a high-
level language -- developments that spurred
the application of on-line computing to
engineering, architecture, mathematics,
biology, medicine, library science and man-
agement.

COMPUTER-CONTROLLED ROBOT TO SENSE
THE ENVIRONMENT BEING DESIGNED AT
UNIV. OF PENNSYLVANIA

Virgil Renzulli

Univ. of Pennsylvania News Bureau
410 Logan Hall

Philadelphia, PA 19104

A machine in a University of Pennsylvania
research lab can use sight and touch to iden-
tify objects such as cups and saucers and can
pick up eggs and lightbulbs firmly enough not
to drop them but gently enough not to crush
them.

The machine is part of a research project
to develop computer-controlled devices that
can sense, manipulate and understand their
environment, devices that will become the
household and industrial robots of the fu-
ture. The work is being done at the General
Robotics and Active Sensory Perception Lab,
directed by Dr. Ruzena Bajcsy and Dr. Samuel
Goldwasser of Penn's School of Engineering
and Applied Science.

Bajcsy and Goldwasser and their colleagues
are working on both the hardware and software
to build intelligent robots that will be able
to sense and adjust to their environment. In
the future such robots would be able to do
delicate jobs both in the workplace and in
the home, such as sorting and testing parts
on an assembly line, remotely piloting a ve-
hicle or setting the dinner table.

In addition to its use in robotics, their
software developments have led to new types
of 3-dimensional computer imaging. For ex-
ample, a two-dimensional scan via computer-

assisted tomography of a living patient's
skull can be processed to create a three-
dimensional model that can be cut open to re-
veal the skull's internal structure. Al-
though still in the prototype stage, the im-
aging system is expected to have important
applications in clinical diagnosis and surgi-
cal planning.

The robots commonly used in industry per-
form very specific and limited tasks under
programming that is almost totally fixed.
Such a robot would flunk a simple household
task that required flexibility, such as set-
ting a dinner table. However, the research-
ers at Penn have developed a robotics sys-
tem that will enable a robot to distinguish,
for example, a coffee cup from a wine glass
or a soup bowl and then pick up each with
the appropriate grasp. Since there are a
variety of grasps, the particular one used
by the machine can indicate whether the ob-
ject was properly identified.

Bajcsy explained that developing a comput-
er vision system required a thorough under-
standing of how humans see and that it was
necessary to study what researchers in psy-
chology, physiology and other fields have
learned about human vision. The robotics
system she and her colleagues have developed
has a computer data base containing images
of real world objects. Each object, such as
a cup or a bowl, was reduced to its most fun-
damental and unchangeable characteristics;
the difficult part was eliminating the non-
essential characteristics while keeping ev-
erything that is vital to the object's iden-
tification. Rather than have the computer
compare a perceived object to every image it
has stored, they designed software that en-
ables the computer to compare the perceived
object to a small field of representations
in its data bank.

In addition to the software developments
that have provided the brains for the robot-
ics system, the researchers have also come
up with innovative hardware designs for vi-
sion and tactile sensing. The robot vision
system consists of two cameras with motor-
ized zoom, focus and iris controls, mounted
on a motorized platform and combined with a
lighting system. This allows the computer
the same flexibility that a person has to
view an object from several angles, move
closer to it or change the lighting on it.

"The camera will move to a particular
point and take a picture,'" says Goldwasser.
"The .program will analyze it and determine
whether or not the picture contains the ob-
ject the computer is interested in. If not,

(please turn to page 27)
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Borning — Continued from page 11

The Limits of Feasible Testing

To be at all confident of the reliabili-
ty of complex systems, there must be a per-
iod of testing under conditions of actual
use. Simulations, analyses of possible
modes of failure, and the like can all ex-
pose some problems, but all such tests are
limited by the fact that the designers test
for exactly those circumstances which they
anticipate may occur. It is the unexpected
circumstances and interactions -- an unex-
pected succession of lightning strikes,
mechanical failure followed by operator
error, a fire that destroys several cables
simultaneously -- that cause the most severe
problems. Short of having a nuclear war,
the command and control systems for nuclear
forces cannot be tested completely.

A final issue is that systems in flux are
more prone to problems than those which have
remained stable for some time. If the arms
race continues unabated, the command and
control systems for nuclear forces will
necessarily be changing as well.

Technological Solutions Are Not a Viable Answer

To summarize, at present a nuclear war
caused by an isolated computer or operator
error is probably not a significant risk, at
least in comparison with other dangers. The
most significant risk of nuclear war at pre-
sent seems to come from the possibility of
a combination of an international crisis,
mutually-reinforcing alerts, and possible
computer failure and human error.

A continuing trend in the arms race has
been increasingly accurate missiles. The
development of such missiles, and particu-
larly their deployment in locations close
to enemy territory, leave less and less time
to react to and evaluate an alert (and de-
termine whether it is real or due to a com-
puter or human error). People simply cannot
make decisions of such scope and consequence
in a matter of minutes. Thus we see in-
creasing pressure to consider a launch-on-
warning strategy where we turn the decisions
over to computers. But I have argued here
that such a strategy seems foolhardy -- that
computers are no better at such decisions
than the programmers who write their soft-
ware.

Where then does that leave us? The con-
clusion is clear: technological solutions
to the problems of the arms race, such as
more accurate weapons or more sophisticated
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computer hardware and programs, aré not a
viable answer. They may give the illusion
of providing a solution, but the illusion
is extremely dangerous. The problem is, in
the end, with the policies and relations
between governments that have created the
threat that is now pushing us to make such
unreasonable demands on technology. It is
these policies and attitudes that are the
root of the problem, and it is in this hu-
man and political realm that solutions must
be sought. Q
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Newsletter — Continued from page 26

the camera will move to another place and
look for it. If it is the object the com-
puter is interested in, the computer might
zoom in closer or adjust the angle of view
slightly. Most of those adjustments are al-
ready under computer control; the camera's
zoom, focus and iris controls will be added
shertlys!

The robotic vision is combined with tac-
tile devices -- a mechanical hand and a sen-
sor that is shaped like a rigid finger. The
finger, which is mounted on a robot arm, con-
tains 133 pressure-sensitive sites covered by
a conductive foam. It can be used to trace
the shape of an object, determine its sur-
face texture, and find cavities in it, such
as the hole and handle of a cup. If the
computer were searching for a cup and found
a cylindrical object that appeared to have a
handle on its side and a hole in its top, it
could use the finger to determine whether the
apparent handle and hole were real or just
shadows. (It could also change the lighting
or angle of view to accomplish the same
task.) Once an object has been identified,
the computer can use a specially designed
mechanical hand to grasp the object proper-
ly -- an easy task for a person but a very
difficult one for a machine -- and then to
manipulate it.

The robot hand has more dexterity than
those commonly used in industry. It has
three fingers, each with two joints and tac-
tile sensors, and the third finger can move
about the base to oppose the other two in a
“'nctioning of the hu-

hand is a more com-
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Games and Puzzles for Nimble Minds — and Camputers

It is fun to use one’s mind, and it is fun to use the
artificial mind of a computer. We publish here a variety
of puzzles and problems, related in one way or another
to computer game playing and computer puzzle solving,

i Ne// Macdona/d
i As.s‘/stant Editor

or to programming a computer to understand and use
free and unconstrained natural language.

We hope these puzzles will entertain and challenge
the readers of Computers and People.

NAYMANDIDGE

In this kind of puzzle an array of random or pseudo-
random digits (“produced by Nature’’) has been subject-
ed to a “definite systematic operation” (“‘chosen by Na-
ture””). The problem (“which Man is faced with”) is to
figure out what was Nature’s operation.

A ““definite systematic operation” meets the follow-
ing requirements: the operation must be performed on
all the digits of a definite class which can be designated;
the result must display some kind of evident, systematic,
rational order and completely remove some kind of ran-
domness; the operation must be expressible in not more
than four English words. (But Man can use more words
to express the solution and still win.)

NAYMANDIDGE 8501

96 800124676365072643
8384112552 2223844947
037982752856344361493
6 0550859442340241395
50368269374654059128
27111814455204060725
848456403336 38.3561942
205845685344859614227
274 67 35 9019928 165 8.1 738
420728864830221612172
MAXIMDIDGE

In this kind of puzzle, a maxim (common saying, prov-
erb, some good advice, etc.) using 14 or fewer different
letters is enciphered (using a simple substitution cipher)
into the 10 decimal digits or equivalent signs, plus a few
more signs. To compress any extra letters into the set
of signs, the encipherer may use puns, minor misspellings,
equivalents (like CS or KS for X), etc. But the spaces
between words are kept.

MAXIMDIDGE 8501

oY oo (ORVAV/AVA VAV
X 0 OV
WO F QOXY VY

NUMBLES g o

A “numble” is an arithmetical problem in which; dig-
its have been replaced by capital letters; and there are | '_"‘
two messages, one which can be read right away, and a
second one in the digit cipher. The problem is to solve
for the digits. Each capital letter in the arithmetical
problem stands for just one digit 0 to 9. A digit may
be represented by more than one letter. The second
message, expressed in numerical digits, is to be translat-
ed (using the same key) into letters so that it may be
read; but the spelling may use puns or deliberate (but
evident) misspellings, or may be otherwise irregular, to
discourage cryptanalytic methods of deciphering.

NUMBLE 8501

YOUR
= S ON

AOJ 1Y
NOI AS
AES YO

= Al SREUY

55323 67882 90

Our thanks to the following person for sending us
solutions: T.P. Finn, Indianapolis, IN — Maximdidge
8407, 8409; Numble 8407.

SOLUTIONS

MAXIMDIDGE 8409: Life is a light in the wind.
NUMBLE 8409: First lay the egg, then cackle.
NAYMANDIDGE 8409: Column 5: 2, 3.

NAYMANDIDGE 8409

76‘11[_3_508918217385772
50453(624825040534343
53022(/6601618159503434
36809(3]028630245529513
0148/2(449549126075425
288 1/2/835118817052254.
7924/3]505043231010909%5
1980/3/1420722582922557
0987|2467 182036947650
7558/3]56324310144000929
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