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#1 in a series ofreports on new technology f?omXerox 

A bout a year ago, Xerox introduced the Ethernet 
network- a pioneering new development that 
makes it possible to link different office machines into 
a single network that? reliab1e)Jexible and easily 
expandable. 

T h e  following are some notes explaining the 
technological underpinnings of this development. They 
are contributed by Xerox research scientist David 
B oggs. 

The Ethernet system was designed to meet , " 
several rather ambitious objectives. 

First, it had to allow many users within a 
given organization to access the same data. Next, 
it had to allow the organization the economies 
that come from resource sharing; that is, if 
several people could share the same information 
processing equipment, it would cut down on 
the amount and exoense of hardware needed. In 
addition, the resulGng network had to be flex- 
ible; users had to be &le to change components 
easily so the network could grow smoothly 
as new capability was needed. Finally, it had to 
have maximum reliability-a system based on 
the notion of shared information would look 
pretty silly if users couldn't get at the information 
because the network was broken. 

Collision Detection 
The Ethernet network uses a coaxial cable 

to connect various pieces of information equip- 
ment. Information travels over the cable in 
packets which are sent from one machine to 
another. 

A key problem in any system of ths  type is 
how to control access to the cable: what are the 
rules determining when a piece of equipment can 
talk? Ethernet's method resembles the unwritten 
rules used by people at a party to decide who 
gets to tell the next story. 

While someone is speaking, everyone else 
waits. When the current speaker stops, those who 
want to say something pause, and then launch 
into their speeches. If they collide with each other 
(hear someone else talking, too), they all stop 
and wait to start up again. Eventually one pauses 
the shortest time and starts talking so soon that 
everyone else hears h m  and waits. 

When a piece of equipment wants to use 
the Ethernet cable, it listens first to hear if any 
other station is talking. When it hears silence on 
the cable, the station starts talking, but it also 
listens. If it hears other stations sending too, it 
stops, as do the other stations. Then it waits a 



random amount of time, on the order of rnicro- 
seconds, and tries again. The more times a 
station collides, the longer, on the average, it 
waits before trying again. 

In the teclxlical literature, thls technique 
is called carrier-sense multiple-access with col- 
lision detection. It is a modification of a method 
developed by researchers at the University of 
Hawaii and further refined by 11ly colleague Dr. 
Robert Metcalfe. As long as the interval during 
which stations elbow each other for control of 
the cable is short relative to the interval during 
which the winner uses the cable, it is very 
efficient. Just as important, it requires no central 

n 

control- there is no distinguished station to 
break or become overloaded. 

The System 
With the foregoing problems solved, 

.Ethernet was ready for introduction. It consists 
of a few relatively simple components: 

Ether. This is the cable referred to earlier. 
Since it consists ofjust copper and plastic, 
its reliability is high and its cost is low. 

Transceivers. These are small boxes that 
insert and extract bits of information as 
they pass by on the cable. 
Controllers. These are large scale inte- 
grated circuit chips which enable all sorts 
of equipment, from con~nlunicating type- 
writers to mainfralne computers, regardless 
of the ma~lufacturer, to connect to the 
Ethernet. 
The resulting system is not only fast (trans- 

nitting nillions of bits of information per 
second), it's essentially modular in design. It's 
largely because of thls lnodularity that Ethernet 
succeeds in meeting its objectives of economy, 
reliability and expandability. 

The system is econonical simply because 
it enables users to share both equipment and 
information, cutting down on hardware costs. 
It is reliable because control of the system is 
distributed over many pieces of communicating 
equipment, instead of being vested in a single 
central controller where a single piece of mal- 
functioning equipment can immobilize an 
entire svstem. And Ethernet is expandable 
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because it readily accepts new pieces of infor- 

5l mation processing equipment. 
This enables an organization to 
plug in new maclines gradu- 
ally, as its needs dictate, or as 

technology develops new and better ones. 
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Set up a MINC computer in your lab. 
Cannect wur instruments. Run 

extensive compatibility assures 
you that your irrvestment in D@td 
equipment is always protected. 

There are navy three MINC com- 
puter systems to choose from, priced 
from $9,900 to $30,900! A wtd 
Laboratory Data Products represen- 
tative can tell you all about them. 
You11 see just how easy it is to bring 

y m  expkments. Suddenly, y d  
notice you've got extra time. 
Time you never had before. 

T i m  to manage. 
Time to interpret.Time to 
conceptualize, theorize, 
extrapolate. Time to 

t mzlkeood use of all that a MmrC &to your lab. And just 

I data once spent so how valuable a tool it can bk. 
much time collecting. MINC. For the work it daes..And 

That's the value of for the time it spares you. I 
MINC: the Digital family of , - - - - - --- - - - - - - - - - I 

I co~rvenient, inexpensive I TO: Digital Equipment Corporation 

laboratory computer I Laboratory Data Produds Group MR 2-4/M l6 11 I One Iron Way, Marlboro, Mass. 01752 I 

systems. 

1 MNC is designed specif- 
ically for scientific use. It 
interfaces easily with lab 

V equipment. It has the versatil- 
7 ity to perform a wide variety of 

research tasks. And it comes with 
graphics display plug-in input/out- 
put modules, and easy-to-use, ready- 
to-run sofhware routines. So even if 

I European headquarters: 12 av, des Morgines, 
1 1213 Petit-Lancy/Geneva. 
I In Canada: Digital Equipment of Canada, Ltd. 
i Yes, maybe we can be using our time more 

I effedively Tell me mre about MINC. 

I Name 

I Title 

I Organization 
I 

Address 

you've never used a computer before, 
you can have MINC fully integrated 
into your lab with a minimum of 
training and start-up time. 

Of course, with MINC, you get a 
lot more than just time.You get the 
service, resources, and reputation of 
Digital, the undisputed leader in 
laboratory computers. Now MNC is 
available with the powerful Digital 

, . PDP-11/23 microcomputer. Which 
' . : means it's more than just reliable. It's 

compatible with most other Digital 
computers. As your lab grows, this 

i city 

I State T i p J o n -  
SCI 2/6/80 D-- L , - - - - - - - - - - - - - - 

*Prices apply in US.A. only. MINC (Modular INstrument 
Computer) is a trademark of Digital Equipment Corporati 
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East Is East and West Is West 
In attitudes toward other countries, Americans are often remarkably 

parochial. We assume that others share or at least ought to share our beliefs 
and values. We would do well to remember the words of Rudyard Kipling, 
"East is East, and West is West, and never the twain shall meet." 

A typical tourist visiting Japan could easily conclude that the country has 
gone far toward becoming like the United States. The procedures at Nerita 
are much like those at any major international airport. In the streets of To- 
kyo there is the familiar sight of rushing automobiles. Modern hotels are 
very similar to those in the United States. Indeed, in Kyoto, the old imperial 
capital, one can stay in a Holiday Inn and partake of McDonald's ham- 
burgers. A golf driving range there is open until late hours. Perhaps the most 
obvious indication of Americanization is the Coca Cola signs, which are 
ubiquitous. 

But stray away from the Western hotel and you will get some different 
impressions. One aspect of Japanese life in which there has been little 
change is the role of women. During visits to industrial laboratories, govern- 
ment institutions, and ministries and attendance at scientific sessions I met 
several hundred professional people. Women were present in offices in cler- 
ical positions. They appeared bearing cups of tea. They were present, but 
segregated, in one phase of a color television assembly line. But I encoun- 
tered only two women in professional roles. I was informed that recently, 
due to a severe shortage of men, some women had been hired to do comput- 
er programming. On a number of occasions I was in mixed company when it 
was necessary to enter a room or an elevator. When I attempted to permit 
the women present to enter first, awkwardness resulted. 

In dealing with each other, animals of many species, including humans, 
are more or less conscious of pecking order. In the United States there are a 
few areas, such as diplomacy and the military, in which people are acutely 
aware of it. But in general we practice the dictum that all men are created 
equal, and a person who seems too anxious about his or her relative stand- 
ing is not well regarded. 

In Japan the situation is quite different. Status is extremely important, 
and striving to achieve it begins almost at the cradle. Acute awareness of 
and behavior according to pecking order persist throughout life. This is rein- 
forced by the structure of the language. Conjugation of verbs and forms of 
personal pronouns are dependent on the relative status of the people in- 
volved in a conversation. There are as many as 93 forms (some archaic) of 
the personal pronouns "I" and "me." With social structure embedded in 
the language, it is hardly likely that changes will occur quickly. 

Interestingly, rigidity in the pecking order is accompanied by an unusual 
cohesiveness of the people and a practice of consulting persons high or low 
who would be affected by a decision. There is a very strong tendency to 
conciliate rather than litigate. One measure of this is that in Japan there are 
fewer than 12,000 lawyers, while in the United States there are about 
500,000. In the United States, the relatively large number of lawyers seems 
to encourage conflict and friction rather than to resolve it amicably. A Japa- 
nese lawyer told me that in Japan a typical contract between two parties 
might involve a paragraph or two, but that in the United States a com- 
parable matter might involve 200 pages in an attempt to foresee all possible 
contingencies. He said that in Japan, if contingencies arise, the parties share 
some sake and work out an equitable agreement. In environmental matters, 
where the Japanese have made more progress than we have, again there has 
been conciliation instead of prolonged litigation. For centuries, the Japa- 
nese have lived in crowded, isolated circumstances, and the present culture 
was shaped by those conditions. We may not like or approve of all their 
customs, but they seem to suit the Japanese W ~ ~ ~ . - P H I L I P  H. ABELSON 
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ISBN: 0-87168-230-3 (paper) $3.50 

*Energy: Use, Conservation and 
Supply (Vol. 1) 
Edited by Ph~lip H. Abelson 
160 pp. 1974 Illus. 
ISBN: 0-87168-213-3 (cloth) $10.00 
ISBN: 0-87168-237-0 (paper) $3.50 

*Energy: Use, Conservation, and 
Supply (Vol. 2) 
Edited by Philip H. Abelson and 
Allen L. Hammond 
208 pp. 1978 Illus. 
ISBN: 0-87168-300-8 (cloth) $12.00 
ISBN: 0-87168-237-0 (paper) $5.00 

208 pp. 1975 Illus. 
ISBN: 0-87168-215-X (cloth) $10.00 
ISBN: 0-871 68-226-5 (paper) $3.50 

Health Care: Regulation, 
Economics, Ethics, Practice 
Edlted by Phlllp H. Abelson 
262 pp. 1978 Illus. 
ISBN: 0-87168-302-4 (cloth) $12.00 
ISBN 0-871 68-240-0 (paper) $5.00 

Materials: Renewable and 
Nonrenewable Resources 
Ed~ted by Phil~p H. Abelson and 
Allen I. Hammond 
208 pp. 1978 Illus. 
ISBN: 0-87168-216-8 (cloth) $10.00 
ISBN: 0-87168-225-3 (paper) $3.50 

Population: Dynamics, Ethics, 
and Policy 
Ed~ted by  Prlscllla Relnlng 
and Irene Tinker 
208 pp. 1975 lllus 
ISBN 0-87168-214-1 (cloth) $10.00 
ISBN 0-87168-225-7 (paper) $3 50 

*Special two-volume price: 
hardbound $20.00, 
paperbound $7.00 
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