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Research at Xerox R\RG: 

a founder's assessment 
The first director of the Xerox Palo Alto Research Center tells how his 
management philosophy worked in launching the center and making it a success 

MANAGEMENT 

Suppose you had the chance to set up and manage a 

research center for a large office-equipment cor 

poration. How would you go about it? What funda 

mentals would guide you in directing the researchers 

to create systems and products that would be ahead 

of the competition, if not ahead of their time? 

hi 1970 I had such a chance. I was hired by the 

Xerox Corp. to establish and manage a new research 

center to be devoted to the theme of information 

science and technology. Because the corporation 

was at that time acquiring a computer company—Scientific Data 

Systems—in the Los Angeles area, there was a stricture that the 

new research center be on the West Coast. Another requirement 

was that it be near a major research university. 

After visiting campuses and considering a number of universi 

ties, my immediate supervisor, Jacob E. Goldman (vice president 

of corporate research), and I selected the Stanford University In 

dustrial Park in Palo Alto, Calif. Not only was this a rather 

unique area of buildings and a few undeveloped tracts close to 

Stanford University, but I also knew well many administrators 

and science and engineering teachers at Stanford, having been a 

professor of physics there from 1956 to 1962, between stints at 

Washington University in St. Louis. 

In June 1970 the Xerox Palo Alto Research Center (PARC) 

opened its doors, occupying a leasehold on Porter Drive in Palo 

Alto. My scientific background was in experimental physics, and 

I knew very little about computers or computer science. How 

ever, my research had related to condensed-matter physics and to 

magnetism, which gave me a good background for the electronic 

technologies that were making the computer revolution possible. 

A prescription 

In an early step, I visited three of the major university depart 

ments of computer science—at Carnegie-Mellon, the Massachu 

setts Institute of Technology, and Stanford—where I spoke to 

leading professors, asking their opinions on what the major re 

search issues of the day were and who among the top people in 

the field might be attracted to PARC to fill significant research 

roles. 

In doing this, I invoked the first of my three principles for 

managing industrial research: 

1. Recruit the best, most creative researchers you can find. 

2. Give the researchers the most supportive environment you 

can provide, including ample amounts of the most advanced in 

strumentation. Holding tight on capital spending is a foolish at 

tempt at economy—in fact, it is a false economy, compared with 

the costs of following the first principle. 

3. Work the business needs of the corporation into the pro 

gram through selective budgetary preferences. 

I would add: make a conscious effort to imitate the best re 

search in universities by providing an intellectual environment. 

George E. Pake Xerox Corp. 

We work hard at PARC to make the environment 

pluralistic, open to all new ideas. There is no room 

for doctrinal orthodoxy in a freely inquiring re 

search atmosphere. 

TUning research 

It is very important to guide, challenge, and con 

tinually reassess the research activity at all levels. 

And it is surely the responsibility of research man 

agement to pose problems—or more likely the 

problem domains—that are of business importance to the 

corporation. 

When it comes to selecting projects, the research management 

is best advised to "tune" the research program by using the bud 

getary power to adjust emphases. In some cases that may mean 

shutting something off completely or giving birth to a whole new 

project or activity. But these steps should be taken only through 

continual consultation and discussion up and down the hierarchy 

of research management—which, after all, is only three levels 

deep in each research center in my company. 

It is this all-important process of selecting the research to work 

on and allocating the resources to do it that is the essence of what 

we call research management. It draws upon the combination of 

technical knowledge, business strategies, research experience, 

understanding of the psychological makeup of research scien 

tists, and, above all, technical taste. The research manager at any 

level brings all of these factors to bear, in a way that is necessarily 

subjective. 

Little success is likely to come from showing researchers to a 

laboratory, describing in detail a desired technology or process 

not now existent, and commanding: "Invent!" The enterprise 

will go better if some overall goals or needs are generally de 

scribed and understood and if proposals for research are solicited 

from the creative professionals. Managing the research then con 

sists of adjusting the budgets for the programs to give selective 

encouragement. There are many subjective criteria for this selec 

tive support, including, of course, the goal of the project in rela 

tion to potential needs and especially to the creativity and pro 

ductivity of the key researcher or researchers on the team. 

Talent search 

It happened that 1970-71 was a good time to recruit able peo 

ple in the information sciences. The computer business had not 

yet really taken off, and there was a moderately serious economic 

recession. We recruited some very capable talent almost immedi 

ately. There was an attraction to the Xerox name, and the notion 

of launching a new research center in an outstanding academic 

environment didn't hurt, particularly with the goal outlined by 

the Xerox president at that time, C. Peter McColough (chairman 

until recently). He called for making the Xerox Corp. "the archi 

tect of information" for the business office. 

Thus we adopted for PARC the research goal of devising and 

testing a system that could become this architecture of informa-
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Scientist Ron Fulks works with a reactive ion etcher in (he Inte 

grated Circuits Laboratory, a recent addition to the Xerox Palo 

Alto Research Center. The laboratory came into being in 198! a$ 

(he ' 'glue'' holding together (he physical- and computer-sciences 

laboratories. 

The experimental Dorado computer and a special color graphics 

display are used by computer scientist Bryan Preas for an tnte-

grated-circuit design project. Earlier design tools devised at 

PARC were [he basis of the now famous Mead-Conway ap 

proach so VLSI design and fabrication. 

tion. This theme occupied the new center for nearly all of the 

1970^. 

Xerox had in fact decided to form the new center to take ad 

vantage of the digital technologies that by 1970 were beginning 

such a rocket-like advance. Xerography—the direct imaging of a 

page of text or graphics—can be thought of as an analog.Technol 

ogy that revolutionized the business office. Surely digital tech 

nology could do the same, especially when married to xerogra 

phy-

When PARC was set up, the United States was leading rhc 

world in basic research, most of it done in universities. I felt that 

the new center should have an atmosphere at least as supporiive 

and stimulating as the excellent university environments I had 

known when I was an active researcher at Harvard, Washington 

University, and Stanford. The preeminent example of industrial 

research in 1970 was Bell Laboratories (now threatened by what 

is judged by more and more experienced R&D managers to have 

been an ill-considered decision of the Government to break up 

the Bell System); we looked to the Bell Labs environment as a 

model. 

Focusing 

The initial structure of PARC was anaJogous to that of the first 

Xerox research center in Webster, N.Y., just outside Rochester. 

The research center was organized into laboratories, each pro 

jected to grow to about 50 researchers. Each laboratory was com 

prised of three to five areas, an area having from eight to a dozen 

or more people and being focused on a particular project or sub-

discipline. In early 1971 PARC had chree laboratories: the Com 

puter Science Laboratory, the General Science Laboratory (phy 

sical science), and the Systems Science Laboratory—perhaps the 

most difficult to describe. 

You will seldom, if ever, find a.systems science department in a 

university; there really is not a discipline named systems science. 

Moreover the notion of system has different meanings, depend 

ing upon the domain of application. It can generally be said thai 

in any of these domains, a system is a collection of interacting ele 

ments intended to perform some broad functions. But there are 

hardware systems and there are software systems, and they differ 

substantially, although they are tightly integrated in the best 

supersystems. 

At PARC we thought that the systems of business relevance 

would be office information systems (indeed, OIS was a widely 

used set of initials in our work and planning). But many of the 

elements of an OIS would themselves be systems or subsystems, 

with differing proportions of hardware and software. The elec 

tronic printing systems first demonstrated at PARC included a 

laser-scanning subsystem, as well as software and protocols for 

character generation, page formatting, and so forth. There were 

also a network system, with hardware, protocols* and software 

for communication; filing systems; and an overall software oper 

ating sysEem for document generation, formatting, and editing. 

An early difficulty at PARC—though it did not prove at all 

crippling in the first years—was to sort out the role of the digital 

systems portion of the Systems Science Laboratory in relation to 

the Computer Science Laboratory, which immediately under 

took .system architecture and structure aa its research theme. One 

area of the original Syst^fns Science Laboratory concentrated on 
optical systems and was in a few years separated on its own as a 

fourth laboratory: the Optical Science Laboratory. 

Managing well 

Not every first-rate research scientist or engineer will automa 

tically be a top-flight research manager or administrator. Under 

standing science or technology and how to advance it does not 

transfer readily to the domain of managing, stimulating, and 

supporting human resources. There are two converse principles: 

1. A good researcher is not automatically a good manager of 

people. 

2. A good manager of people (for example, of salesmen) is noi 
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automatically good at managing or administering a research 

group in science or technology. 

In selecting managers for the new research center, 1 of course 

wanted people who had some breadth of perspective in the tech 

nical domain for which they would be responsible. It was also im 

portant for them to know who were the world's outstanding re 

searchers in thai domain, so that together we could recruit first-

rate researchers. Two of the four pioneer 

managers were already with Xerox research 

at the Webster Research Center: Gerald 

Lucovsky and John C. Urbach. They read 

ily fulfilled the criteria for good managers in 

solid-slate physics and optical science, re 

spectively. 

The other two original managers—Wil 

liam F. Gunning and Jerome I, Elkind— 

were recruited outside Xerox. Gunning had 

previously been with Astrodata. where his 

work attracted the attention of Xerox Data 

Systems. He brought wide, long-standing 

experience with electronic and computer 

hardware to the Systems Science Laboratory. 

Elkind, who came directly from the Massachusetts institute of 

Technology, had substantial experience earlier with Bolt, Bera-

nek & Newman. When Elkind took over as head of the Comput 

er Science Laboratory in 1971, the associate manager was Robert 

W. Taylor, who had headed the U.S. Defense Department's 

ARPA Information Processing Techniques Office for a period 

and then had spent a year at the University of Utah before join 

ing Xerox PARC in late 1970. Taylor, who had been trained as a 

psychologist, was interesied in computer graphics and interactive 

computing. 

I. Titles and principal authors of the PARC study papers 

of June 1971 

"Give the researchers the 

most supportive 

environment you can 

provide, including ample 

amounts of the most 

advanced instrumentation. 

Holding tight on capital 

spending is a foolish 

attempt at economy." 

It was clear to many people thai ihe earliest mode of computer 

use—batch processing—and the time-sharinti mode current at 

thai time scarcely enabled the knowledge-worker to exploit fully 
Ihe power of digital processing technology. The huinan-faciof 

advantages of interactive computing, coupled with much-re 

duced electronics costs predicted in studies a( PARC, drove the 

center's computer research toward distributed computing. This 

research goal was imaginatively pursued by 

the cadre of bright computer researchers. 

[See "PARC pioneers," p. 61.] 

II. Laser xerographic printing at PARC 

1964-66 Early concept at Xerox Electro-Optical Systems; sev 

eral technologies inadequate 

1970 Optical correction for polygon shaft wobble demon 

strated in Webster Business Products Group 

development laboratories 

1971 Major debate: Business Products Group technolo 

gists contend optical spot size and character gen 

eration rates are unattainable 

1971 "Artificially" generated laser ROS (raster output 

scanning) xerography at 500 spi (spots per inch) 

demonstrated 

1972 Full electronic character generation demonstrated 

with laser ROS xerography 

1973 Prototype EARS printer (modified 7000) in service at 

PARC: 1 page/sec, 384 spi (EARS: Ethernet-Alto-

Research character generator-Scanning laser 

output terminal) 

1976 Dover-Alto software developed for character gener 

ation by laser ROS prototype printer 

1977 New product: Xerox 9700 electronic printing sys 

tem—2 pages/sec, 300 spi 

Targeting technologies 

One of the first steps taken by the [cam at 

PARC was a set of studies in June 1971 to 

review and project the stale of technologies 

relevant for Xerox, along with an assess 

ment of how those technologies were likely 

to evolve [Table I]. One trend already un 

derway was the ever-progressing density of 

active elements as inlegrated circuits were 

moving toward LSI (large-scale integra 

tion) and what we now call VLSI (very 

large-scale integration). In 197] it was too early for us to foresee 

the extended validity of Moore's law (promulgated in the 

mid-1960s by Gordon Moore of Intel: the number of active 

elements on a chip, he observed, was approximately doubling 

every year). 

The advent of greater and greater digital processing power at 

nearly constant cost suggested to us that it would soon be possi 

ble to afford dedicated processing power for each knowledge-

worker, comparable to that previously shared by many. It did noi 

necessarily follow, in spite of a corresponding decline in the cost 

of memory, that each knowledge-worker's workstation should 

have the same memory size as that of a mainframe of thai lime. 

This fact pointed up the necessity for easy communication be 

tween the workstation and a distributed memory. Moreover, 

since knowledge-workers must often work in teams, it would be 

necessary for the workstations to communicate readily with one 

another. Finally, a frequent desire for hard-copy printouts im 

plied a need for facile communication with printers. 

All of these needs pointed up the desirability of whai was later 

called Ethernet, invented by Robert Metcalfe and David R. 

Boggs. 

Meicalfe would say this presents the situation backwards. In 

stead of first considering the elements that might Find it desirable 

to communicate with one another (workstations, files, and print 

ers), he would first observe that in human activities, communica 

tion is essential. So he would start W presentations with a gener 

alized communication medium—Ethernet—and then ask what 

elements ought to be attached to the net. 

Granting the power of his logic, I still believe that most re 

searchers at PARC who contributed to conception of the Bther-

nel-coupled Xerox Network System architecture approached the 

problem from the other direction. We had files, we were in ihe 

process of demonstrating laser printers, and we were devising bit 

mapped workstations with substantial graphics power, The re 

searchers conceiving the^e elements were motivated to link them 

together with the broadest possible functionality. 

The merger 

When 1 accepted Xerox's offer to set up PARC, I told my 

supervisor, Goldman, and Xerox President McColough that it 

would be too soon to expect research results from the new center 

within five years, but that there certainly should be some useful 

commercial output before ten years had elapsed. Although the 

strategic theme of PARC became a search for the architecture of 

information, the decision to establish the center was somewhat 

broader: it envisioned a search for commercial ways to merge 

modern digital technologies with the analog imaging technolo 

gies that Xerox had pioneered. Jusi such a merging was the basis 
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Stepping stones 

As I look over some of the largest early research accomplish 

ments of PARC, 1 confess that they have exceeded my wildest 

hopes when I left academic life in 1970 to join Xerox. PARC 

employs about 300 people, including technicians and secre 

taries. Why did such a small research center—compared, for 

exampie, with AT&T Bell Laboratories, IBM Research, or Gene 

ral Electric Research—produce so many advances that have so 

much impact on modern information technology? I have a num 

ber of beliefs, some controversial perhaps, to explain the 

research center's success: 

• PARC hired many of the best and the brightest scientists, a 

number of whom were already with Xerox at other sites. They 

included many bright students just out of graduate school. 

• The concept of PARC—and the corporation's attitude toward 

it throughout most of its existence—has been essentially a 

long-range strategic view. 

• PARC has always had a central research theme, broadly 

understood by ail of its researchers. 

• The research program has been largely the product of grass 

roots planning by the staff of researchers in each area and lab 

oratory. At the higher managerial levels of the center, the pro 

gram remains pretty much a consensus product of the labora 

tory managers and the vice president in charge of the center. 

• In almost every case, the laboratory and area managers have 

had a real track record as performing researchers. Not every 

outstanding researcher can become a good research manager. 

But a research manager who has not individually performed 

successful research is extremely unlikely to have a deep under 

standing of research or an appreciation for the basic ethic of 

science—and thus is quite unlikely to be a successful research 

manager. An example of a good research manager is Jerome 

Eikind. who was manager of the Computer Science Laboratory 

from 1971 to 1977, clearly the period of the unit's greatest pro 

ductivity; electronic printing, Ethernet, the bit-mapped worksta 
tion with icons and mouse, and Mesa were all developed during 

that period. 

• The experimental distributed-computing environment put in 

place at PARC is, in a research philosophy sense, modeled after 

substantial physics experimental facilities such as accelera 

tors or low-temperature laboratories; it is an indispensable re 

quirement that an experimental science have experimental ap 

paratus and facilities. Because I found computer science in 

1970 to have a very limited academic research tradition, I made 

a persistent effort to fund and equip real experimental labora 

tory investigations at PARC, much after the tradition of my own 

established research field, physics. I am tempted to say that 

PARC in 1970 launched into computer systems research in the 

way that any experimental physicist would have done it. 

Of course the full credit for R&D achievements must go to 

those who do the real work: the scientists at the bench or the 

workstation who put forth the effort and who exercise their in 

genuity and innovativeness. PARC's teams of hard-working sci 

entists were not only the best and the brightest; they were also 

among the corporation's most tireless workers. In the early 

days of PARC—and still today—there are many cars in the 

parking lot at any hour of the night or day, on any day of the 

week. 

PARC never has had rigid hours. For a research scientist, not 

only does time fly, but innovation flourishes when you're having 

fun. -G.E.P. 

of the first major PARC success—laser-exposed xerographic 

printing. 

After full demonstration in PARC research, this has become 

the basis of the corporation's most rapidly growing new market 

segment. The printing is xerographic because the marks on the 

paper are fused powder toner (the solid "ink" of xerography) 

electrostatically attracted to images on a photoreeeptor surface 

partly discharged by light. The light comes from a laser he-am 

that systematically sweeps and resweeps across the image area al 

a spacing of a few hundred lines per inch on the photoreceptor 

drum (or belt) as it moves. 

The laser beam effectively addresses every point of the image 

area, and the informal ion is laid down when the beam 

is turned on or off for each point in accordance with 

data from electronic information as to how the 

desired image should look. By having such electronic 

control of ouch poini, a rich variety of fonts and 

graphics if; possible, depending only upon how fast 

one wants to prim the pages and how much versatility 

one wants lo pay for in the electronic laser-control 

circuitry (really a computer). 

This is, to my mind, a very instructive example of 

applied research. It was a natural extension of xero 

graphic technology by modern laser technology. The 

idea was first tried in 1964-66 by George R. While 

and L. Dale Green and his associates a! Elcccro-Opti-

cal Systems in Pasadena, Calif., a few years after that 

company had been acquired by Xerox. But White 

and his colleagues were just a shade ahead of their 

technological time. Lasers were not that reliable and 

cheap yet. and high-speed electronic informal ion pro 

cessing, made affordable by integrated circuitry, was 

still in the future. Because of these problems, it was 

nof worth the effort to develop ultraprecise rotating 

scanning mirrors to sweep the laser beam acros;; the 

page. 

Four years later, in a Xerox laboratory in Roches 

ter, N. Y., headed by White, Gary K. Starkweather demonstrated 

the optical techniques for precise laser-beam scanning. Now the 

time was ripe. 

After I received a telephone call from White, the concept and 

Starkweather were transferred to the brand-new Palo Alto Re 

search Center, where the project could go forward with three in 

dispensable technical skills: Starkweather's laser-scanning tech 

niques, electronics for rapid handling of the digital data, and 

software for finding efficient ways to control page formatting 

from the data stream. These three skills came, respectively, from 

three PARC laboratories that worked in close cooperation: the 

Optical Science Laboratory, the Systems Science Laboratory, 

PARC* i 

founded, 

would hi-

natn 'aciiity opened fa doors in 1975, five years after the center was 

PARC had (he primary goal of designing and testing a system (ha! 

come the "architecture of information. " 
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and the Computer Science Laboratory. 

In 1971 precise scanning was demonstrated, and in 1972 so was 

full-character generation with a hard-wired character generator 

designed by Ronald E. Rider. By the mid-1970s a prototype print 

er was in daily use for preparation of memos and correspondence 

at the research center. The printer had a laser-scanning head 

mounted on a Model 7000 Xerox copier, which printed a variety 

of fonts under software control at 1 page per second and 384 

spots per inch. 

In 1977 Xerox demonstrated and began 

marketing the Model 9700 electronic print 

ing system, which prints at 2 pages per sec 

ond and 300 spots per inch. This machine 

has pioneered the electronic printing 

market, which is today the most rapidly 

growing major segment of the company's 

business. Note that the 9700's appearance in 

1977 came seven years after PARC's birth— 

well within my five-to-ten-year projection 

to Goldman and McColough [Table II]. 

Networking 

Nine years into PARC's life, Ethernet 

was announced. It had been clear to PARC 

researchers from the start that in a matter of several years, it 

would become economic to place at the disposal of each re 

searcher—and later even office workers—the computing power 

of atypical mainframe in use in 1970. The productivity of knowl 

edge-workers in such circumstances could be enormous, pro 

viding they could readily communicate with files, with one 

another, and with printers. The concept of a fully communi 

cating network of versatile workstations, file systems, and print 

ing services was irresistible. 

PARC researchers set about the investigations that led to the 

invention of Ethernet by Metcalfe and Boggs, who hold on 

behalf of Xerox the basic patent for the network. Again, this was 

the cooperative effort of more than one laboratory: Metcalfe 

worked in the Computer Science Laboratory and Boggs in the 

Systems Science Laboratory. 

The concept was that of linking all workstations, files, and 

printers by means of a passive network medium, into which 

information packets could be broadcast and received asynchro-

"The concept of PARC— 

and Xerox Corp.'s attitude 

toward it throughout 

most of its existence-

has been essentially a 

long-range strategic view. 

It is a critical attitude tor 

good research, but not 

too widely found in U.S. 

industry." 

nously. (In fact, the medium is just a coaxial cable; optical fibers 
have an important future role for this purpose.) The packets 
must be suitably labeled and addressed. And a critical require 

ment is ability to handle the situation when occasionally two 

packets of information from different broadcasters overlap in 
time (collide). 

The collision resolution adopted was that each broadcaster 

wait for a time interval determined by a random-interval genera 

tor and then rebroadcast the packet. One 

can well imagine that some ingenuity and 

effort are required to proceed from this raw 

concept to a functioning system. PARC ex 

periments tested the concept and the neces 

sary communication protocols, with the 

result that by 1975 a powerful distributed-

computing network was operational in the 

research laboratory, employing experimen 

tal workstations (the Alto), file servers, and 

prototype laser printers built in earlier 

PARC research. 

This experimental network could handle 

a 3-megabit-per-second data rate and was 

gradually extended to a number of Xerox 

sites scattered over North .America by use of 

gateways and phone lines. In 1979 the Office Products Division 

announced that its future products would communicate through 

Ethernet, and in 1981 the Digital Equipment Corp., Intel, and 

Xerox jointly announced a commitment to a common Ethernet 

standard. This commercial standard has a 10-Mbh/s capacity. In 

1982 the IEEE adopted a local area network standard encom 

passing Ethernet. With the introduction in 1981 of the Xerox 

8010 Star workstation and its Ethernet-linked file and print 

servers, PARC had clearly set for Xerox the "architecture of in 

formation." 

There is an interesting addendum to this. The conception of 

Ethernet was driven by the need for a full system of interacting 

workstations, files, and printers. A powerful feature of the sys 

tem is that these various elements can be connected and discon 

nected from the passive cable without in any way interfering with 

the ongoing packet traffic of the workstations and servers 

already functional on the net. This permits flexible variation and 

growth—even unplanned growth—in the network, a concept 

A Star is born 

With the introduction of the Star workstation, a watershed in 

the application of computers was realized. The following eval 

uation, based on an excerpt from a 1984 Seybold Report—a 

publication of financial and business analyses—highlights the 

product's utility and impact. (The original statement appears in 

"The World of Digital Typesetting," Seybold Publications Inc., 

pp.364-65.) —G.E.P. 

Researchers at PARC had developed an experimental work 

station for their own use as early as 1973. The purpose was to 

explore how a self-contained, low-cost personal computer 

could be used to perform functions normally done on much 

larger time-shared machines. This was certainly the most im 

portant unannounced computer product of the 1970s, Ma 

chines were used widely within the Xerox organization, and ex 

perimental installations were set up in various universities, as 

well as the White House. 

Alto was conceived as a completely self-contained, single-

user computer that would communicate with other devices 

over a 3-Mbaud Ethernet local area network. (The LAN was sub 

sequently increased in speed to 10 Mbaud). Alto was built 

around a microprogrammed minicomputer and contained a 

2.5-megabit removable cartridge disk, a keyboard, a video 

display screen, and an interface to Ethernet. But because the 

designers had in mind applications that required graphic capa 

bilities, a high-resolution, bit-map display screen and a 

"mouse" pointing device were added. These last two elements 

gave Alto its distinctive character and ultimately led to most of 

the unusual features of the Star. 

The Star was introduced in April 1981. It offered a lO'/z-by-

13Vz-inch bit-mapped monitor capable of displaying the print 

area of two typical 81/2-by-11-inch pages side-by-side at 96 per 

cent of true size. It could display typographic type fonts in the 

exact type face and point size on the screen—not as a "soft 

typesetter" presentation that could not be edited, but In the 

normal working Mode for the machine. The software also could 

handle basic composition and page makeup as well as graph 

ics, and it left space for illustrations. Bar charts, forms, and line 

graphics could be merged into text files and edited in the same 

way as other elements in the file. 

The Star made a profound impact upon the industry, since it 

offered a preview of new technologies that were clearly to 

emerge one day. Its concepts were far-reaching. They included 

the mouse, the use of Icons to describe available functions and 

options, and the notion of "progressive disclosure,17 which 

brings to the screen via a window whatever functions or 

choices may be available to an operator at the moment. 
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thai found an unforeseen application in the Xerox 1075 copier-

duplicator introdaeed in 1982 as the flagship of the new "ten" 

series of copiers. 

Such a modern copier has many possible configurations, de 

pending upon which original-document handlers and final-docu 

ment sorters, staplers, and so forth are selected by the customer. 

Rather than produce several "hard-wired" harnesses to accom 

modate the many possible configurations, our Electronics Divi 

sion incorporated a mini-Ethernet system inio the Xerox 1075, 

simplifying the process of configuring the customer's desired 

version of the machine. 

In addition there is greai flexibility to accommodate accesso 

ries not yet available or perhaps not yet even conceived. This 

copier-duplicator application of the Ethernet concept drives 

home once again the principle that innovative research nearly 

always Hilda unforeseen applications beyond those thai motivat 

ed the investment in the first instance. 

Icons and a mouse 

If lower-cost electronics really was going to make it possible to 

put the computer power of a pre-1970 mainframe at the disposal 

of each knowledge-worker, then we clearly needed to define the 

properties of (hat person's workstation. Not finding any com 

mercial minicomputer of 1970 or 1971 that seemed able to meet 

our requirements, various researchers at PARC began to develop 

their own concepts q{ the machine. 

The result was the Alto, an experimental workstation that was 

ultimately duplicated around the corporation as many Ethernet 

local area networks (LANs) sprang up, all linked together by 

gateways and phone lines. Al its peak in 1979—all prior to an 

nouncement and marketing of the 8010 Star—perhaps as many 

as 1500 Altos were in daily use in Xerox. The corporation's abil 

ity to offer full Ethernet systems to business customers rested on 

this experience. 

Just as "victory finds a hundred lathers but defeat is an or 

phan," there are many who would like to lake credit, for the Alto. 

In feet, a great many PARC people contributed important con 

cepts to its design and implementation. Its engineering and initial 

construction were a project of the Computer Science Laboratory. 

But the machine architecture and the human interface were heav 

ily influenced by the Systems Science Laboratory, including AJan 

C. Kay and his Learning Research Group, which was developing 

the object-oriented language Smalltalk. 

From the day he joined PARC in its early months, Kay was en 

thusiastic about his concept of the "Dynabook." Basically this 

was his dream information-system terminal—a portable mini 

computer with great graphics and other processing power. He de 

scribed it. both orally and in print, with such fervor and detail 

that many though! it to be a real product. Instead it was Kay's 

Holy Grail. 

However, in spite of the technological progress since 1970, 

Dynabook still does not exist. One major reason is that physical 

science has yet to generate the ideal affordable, low-power, light 

weight, rap id-response display technology. 

Kay came to me on a number of occasions to plead for greater 

PARC investment in the search for a new display technology. My 

response was that everyone had agreed for years that cathode-ray 

tube technology was too bulky and heavy, loo expensive to build, 

and too extravagant in requirements for electrical power. But un 

til we had a really promising new idea, 1 did not see any sensible 

way to crank up PARC research toward a Dynabook display. 

Meanwhile, I said, "there are many other research issues to be 

addressed—why not temporarily put aside the requirement for 

portability and see if you can configure a hardware-software sys 

tem that is prototypical of Dynabook \ workstation power?" 

Kay then left my office and put in considerable effort on the 

AitO concept, on which 1 am sure he had already been working, 

along with its many progenitors. 

Alto wa*. designed by 1973. In 1979 there were over a thousand 

in use within Xerox. The workstations used throughout Xerox 

The Alto was PARC's first experimental workstation for distri 

buted computing and the basis for the Star workstation. Com 

puter scientists Lyle Ramshaw and Frances Yao work here with 

their Altos, of which perhaps as many as 1500 were in daily use at 

PARC in 1979. 

Fiber-optic components for an optical local area network based 

on Ethernet have the attention of Douglas Bailey in the Optical 

Sciences Laboratory, Ethernet is a key to realization of the infor 

mation architecture thai consumed PARC's energies for years. 

from 1974 to 1980 were characterized by a bit-map display, a 

mouse for moving the cursor over the screen, windows and icons 

to permit rapid function selection, and Elhernet.communications 

to file-servers and print-severs. The last were Xerox laser print 

ers, which at a simple command could prim whatever the display 

carried, in line with the motto "What you see is what you get," 

frequently referred to as WYSIWYG. 

The success within Xerox of the Alto-Ethernet-Files-Printers 

information architecture led the company to introduce its Ether 

net product network in 1979, followed by the 1981 introduction 

of the 8010 Star workstation, derived from .Alto, and the XNS 

(Xerox Network System) protocols. [Sec "A Star is born," far 

left.] 

In 1983, Apple introduced Lisa {discontinued in 1985), which 

copied many Star-Alto features but lacked LAN communica 

tions and therefore was severely limited as a knowledge-worker's 

toot. The same can pretly much be said of Apple's 1984 Macin-
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tosh, which is a lower-cost Ah o mimic. The isolated workstation, 

"however clever and easy 10 use, is not an information-system 

medium for interacting knowledge-workers; communication i.-. 

essential. In January, Apple announced the so-calle-J Macintosh 

office, which it is claimed will include a network and printers, 

and thus will provide at least in pan the kind ot broad function 

ality pioneered by Alto and Star. 

Earlier this year Xerox announced its 6085, a lower-cost I'ol-

low-on to Star that runs both Star and IBM PC software. 

Improved moiecu'.ar-becm-epitaxy techniques helped pave the 

way for a range of improved devices. Robert Bumham (fore 

ground) has applied these techniques to advance solid-slate 

lasers; assisting him are Mark Bernstein and Andrew Alimondc. 

improvements in reproduction systems have from the first been 

an important research thrum at PARC because of the Xerox 

Crtrp. '•■ long association with copiers. These color printing sys-

letrtA are being studied by researcher Warren Rhodes. 

in the initial PARC planning, the programming icsearch em 

phasized ihe need for modularity, so that improvements in or 

additions io a large program would not require rewriting the en 

tire program. This and r. number of other considerations inoti 

vated PARC researchers and die newly formed System Develop 

ment Division to undertake.joint development of a programming 

language in which the forthcoming product software would be 

written. The result was Mesa, in which Star software ha.-, been 

written, and XDE, the Xerox Development Environment, now 

being exercised on Xerox hardware in a number of important 

universities. 

In the early years, the Learning Research Group of the System 

Science Laboratory focused on how children, who grasp com 

puter use very quickly, liarn and think. This work stimulated 

PARC researchers to design in l!)72a new language, Smalltalk, in 

which all PARC learning research communication was to be 

transacted. 

Three major systems were designed and used at the center: 

Smafltalk-72, Smalltalk-76, and Smallialk-80. The third system 

has been, the subject of a substaniial publication and licensing ef 

fort. The first version of Smalltalk-SO has also been offered as 

software with the Xerox 1100 Scientific Information Processor. 

A book published last year {Smttiltalk-80: Tht Interactive Pro 

gramming Environment, Adele J. Goldberg, Addi.son-Wesley, 

Reading, Mass.) describes ihe language this way: 

"The Smallialk-80 system consists of an object-oriented pro 

gramming language and an iniegrated collection of tools for 

interacting with components of thai language. In the Sinalltalk-

80 language, the fundamental way to indicate thai something 

should happen is by sending a message to an object. An object is 

a representation of information consisting of private memory 

and a set of Operations to manipulate information stored in the 

private memory or to carry out some actions relative to thai 

information. Sending a message i.s the Smalltalk-80 way of ask 

ing the object to carry out one of its operations." 

Many features of Smalltalk were incorporated into Mesa and 

Star as well as Alto, the precursor of Star. 

Once ihe Xerox 1100 Scientific Information Processor was de 

signed tor use in the 5700 Electronic Printing System and also as 

a research workstation, scientists in the cognitive science area in 

1980 put Interlisp-D, a version of the artificial-intelligence lan 

guage Lisp, on the machine. They also used Inlerlisp-D with the 

8010 Star Processor, which was marketed for artificial-inielli-

gence applications as the 1108. The resulting software-hard 

ware combinations are of great interest io Al researchers. 

The PARC cognitive science area has now evolved inio the In 

telligent System Laboratory, which has an intimate association 

with the Al Systems Business Unit of Xerox. 

Solid-slate lasers 

Sometimes an essential component is not available from ven 

dors. Reliable, high-power, solid-state lasers ai low cost were an 

example in PARC's early days. Both for possible optical memory 

applications and for laser xerographic printing, there is a clear 

advantage in avoiding the bulk and the power-supply and device 

costs of the gas laser. But there were other broadly strategic rea 

sons for the rcseaTcli center's embarking on these investigation;,. 

The most promising laser materials involved gallium arsenide, 

which has electronic properties thai make it potentially suitable 

for high-speed microelectronic elements. In the early and mid-

1970s it seemed valuable to bring some GaAs competence into 

the research laboratories, just as we were doing wii h silicon. Elec-

trooptical applications seemed lo us to be the most stiategicalh 

important direction to move with GaAs. 

In 1974 a small, talented group of PARC reseachers demon 

strated the distributed-feedback GaAs laser During 1975-78 they 

came up with various improvements Igrating couplers, single-

mode User, angled and curved .stripe lasers). In 1979 a metal-

organic chemical vapor-deposition fabrication technique was de 

veloped. With these advances, ii was decided io expand the small 



PARC pioneers 

Much of the success of the Xerox Palo Alto Research Center 

can be traced to the untiring efforts of the hardy researchers 

who formed the first staffs. The pioneering managers of each 

PARC laboratory in the early days were: 

• Computer Science: Jerome I. Elkind, manager (1971-78) 

Robert W. Taylor, associate manager 

• General Science: George E. Pake, acting manager 

(1971-75) 

Gerald Lucovsky, associate manager 

• Systems Science: William F. Gunning, manager 

(1970-73) 

Harold H. Hall, manager (1973-75) 

William R. Sutherland, manager 

(1975-81) 

• Optical Science: John C. Urbach, manager (1973-85) 

In research on distributed computing, some of the names 

that come to mind are Daniel G. Bobrow (Computer Science 

Laboratory), John Seely Brown (Systems Science Laboratory), 

Stuart K. Card (Systems Science Laboratory), Charles M. 

Geschke (Computer Science Laboratory), William K. English 

(Systems Science Laboratory), Adele J. Goldberg (Systems 

Science Laboratory), Alan C. Kay (Systems Science Labora 

tory), Butler W. Lampson (Computer Science Laboratory), David 
E. Liddle (Systems Science Laboratory), Edward M. McCreight 

(Computer Science Laboratory), James G. Mitchell (Computer 

Science Laboratory), Robert M. Metcalfe (Computer Science 

Laboratory), James H. Morris (Computer Science Laboratory), 

William M. Newman (Systems Science Laboratory), John F. 

Shoch (Systems Science Laboratory), Robert F. Sproull (Com 

puter Science Laboratory), Dan C. Swinehart (Systems Science 

Laboratory), and Charles P. Thacker (Computer Science Lab 

oratory). (It is impossible to make such a list without some 

omission of key names.) 

We also had several outstanding consultants, including 

Wesley A. Clark, Allen Newell, Alan Perils, and John Bardeen, a 

member at that time of the Xerox board of directors. —G.EP. 

research group and make a concerted effort, based upon the 

technical lead the group had gained. In 1982, after demonstrating 

the multiple-stripe principle for continuous high power, the 

group achieved 1 watt of optical power per facet, a twentyfold in 

crease over previous performances. 

Both because Xerox's internal requirements would not consti 

tute enough volume to make an internal scale-up economic and 

because the company is not in the electronic device market, it de 

cided to form a joint venture with Spectra-Physics: Spectra 

Diode Laboratories Inc., born in 1983. The new company is tak 

ing advantage of Xerox laser technology and fabrication tech 

niques, as well as Spectra-Physics' understanding of the laser 

marketplace. 

Going to market 

Another important research result of PARC has been the gen 

eration of new business units to carry the results of research to 

market: 

• Printing Systems Division. The laser-xerographic electronic 

printing technology devised at PARC fostered the establishment 

of this division. Electronic printing today representss the fastest 

growing sector of Xerox business. 

• Office Systems Division. This division developed the 8010 Star 

and the Xerox 8000 network system, with its network servers. 

• Artificial Intelligence Business Unit. This part of Xerox Special 

Information Systems markets the Interlisp-D and Smalltalk sys 

tems. 

PARC research has also advanced the copier business in signif 

icant ways. The first development was the mini-Ethernet in the 

new 1075 copier. The second was Trillium, an Interlisp-D system 

for designing complex human-machine interfaces to copiers and 

duplicators. Trillium is today a primary design tool for emulating 

and testing various interface configurations of new Xerox copier-

duplicator systems. 

The future beckons 

As PARC entered 1985, it consisted of the following labora 

tories: 

• Computer Science Laboratory; Robert W. Ritchie, manager. 

• General Science Laboratory; Stig B. Hagstrom, manager. 

• Integrated Circuits Laboratory; John C. Knights, manager. 

• Intelligent Systems Laboratory; John Seely Brown, manager. 

• Optical Science Laboratory; John C. Urbach, manager. 

• System Concepts Laboratory; Adele J. Goldberg, manager. 

The vice president and manager of PARC is William J. Spen 

cer, formerly of Bell Laboratories and the Sandia Corp., who 

joined PARC in 1981 as the first manager of the Integrated Cir 

cuits Laboratory. 

Through most of the 1970s, PARC had two physical-science 

laboratories and two computer-science laboratories. Physical sci 

ence and computer science are very different; yet those two cul 

tures must meet and reinforce each other in advancing digital 

technology. From the establishment of PARC, it seemed inevit 

able to me that silicon research and technology would have to 

assume a central role. But it was not until the late 1970s that I 

proposed to management that Xerox make the substantial capi 

tal and other investments to put in place the Integrated Circuits 

Laboratory, which is in effect the glue holding together PARC's 

two underlying and on occasion seemingly incompatible cul 

tures. More than circuits require integrating! 

Of course, prior to forming the Integrated Circuits Laboratory 

there was substantial work relating to IC design at PARC. Lynn 

A. Conway, who headed the VLSI Design Group at PARC, col 

laborated closely with a consultant, Carver Mead of the Califor 

nia Institute of Technology, in the now-famous Mead-Conway 

book, Introduction to VLSI Systems (Addison-Wesley, Read 

ing, Mass., 1980). The multiproject chip approach that applied 

the design techniques of that book was put to test and practice at 

PARC, where the Alto-Ethernet experimental system was a pow 

erful tool in collecting and organizing the chip designs for mask 

ing and fabrication. 

The PARC research program for 1985 has been described to 

senior management under the following headings: microelectron 

ics, electronic design, optoelectronics, novel marking techniques, 

electronic printing systems, publishing software and systems, 

document management, user interfaces, mechanical analysis, 

and science. 

Although I have heard many of our research staff members 

refer to the 1970s as the "golden era" of PARC, the present re 

search program and the crackle of the research atmosphere seem 

to me to be every bit as stimulating and innovative as in those 

early years. w* 
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